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FOREWORD

Paragraph 10.6 of Exhibit I to Cont rac t  NAS9-150 spec i f ies
that NAA shal l  provide a t ra iner  i ns t ruc to r  handbook that suppor ts
NASA conduc ted  t ra in ing assoc ia ted  with the Apol lo  M i ss i on  Simu-
l a to r .  Th is  book is  Volume I of a two-volume i ns t ruc to r  handbook
in compl iance with the exhibit ,  The contents of th is  handbook is
based  on the Spacec ra f t  012 conf igurat ion es tab l i shed  fo r  s imulator
design data purposes at the Simulator Pre l iminary Design Review of
August 19, 1965. M iss ion  data used in prepar ing this handbook was
that p rov ided  for Apol lo M i ss i on  204A in MSC Internal  Note 65 -FM-58
of Apr i l  26, 1965. A p rev ious  and prel iminary edit ion of the hand-
book  was add ressed  to the s imulator  init ial de l ivered configuration
and Apol lo  M i ss i on  204A  as def ined in  MSC In terna l  No te  65 -FM-16 ,

i i i / iv
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VOLUME I

INTRODUCTION

The pu rpose  of th is ins t ruc to r  handbook is to p rov ide  de ta i l ed  i ns t ruc -
t ions fo r  us ing  the Apol lo M i ss i on  Simulator (AMS) to t ra in  f l ight c rew
pe rsonne l  fo r  Apol lo M i ss i on  204A.  The handbook is comprised of two
volumes. Th is  volume (Volume I ,  Desc r i p t i on  and Ut i l izat ion) desc r i bes
the AMS and p rov ides  a recommended plan for using the AMS to t ra in
Apollo flight c rews .  Volume II ( Ins t ructor  Workbook) p rov ides  ins t ruc -
t i ons  fo r  opera t ing  the s imulator  and con ta ins  the mate r ia l  fo r  making up
a complete  i ns t r uc to r -ope ra to r  data package fo r  each t ra in ing sess ion  in
the sy l labus .  Volume II is loose-leaf bound to permi t  remova l  of contents
for  copying.

Volume I is d iv ided  into three sect ions.  Sect ion 1 (AMS Descr ip t ion)
desc r i bes  the s imulator  in t e rms  and depth sufficient to al low the i ns t r uc -
to r  to become  thoroughly fami l iar  with the equipment. The desc r i p t i on  is
supplemented with i l lus t ra t ions of the ma jo r  equipment g roups  and operat ing
s ta t i ons .  Tab les ,  keyed  to the i l l us t ra t ions ,  ident i fy the con t ro ls  and
d i sp lays  and b r ie f l y  state the function of each.

Sec t i on  2 (S imu la to r  Sys tems)  conta ins  i l lus t ra ted desc r i p t i ons  of the
simulat ion of spacec ra f t  dynamics, in- f l ight v i sua l s ,  and each spacecraft
sys tem.  Each  spacecraft sys tem d i scuss ion  is suppor ted with a spacecraft
sys tem f low diagram in which the s imulated malfunctions and te lemet ry
poin ts  are dep i c ted .

Sect ion  3 (AMS Ut i l izat ion) desc r i bes  the nominal t ra in ing m iss i on
to be used as a t raining med ia  for  the AMS, explains the use of the Apol lo
Opera t ions  Handbook (SM2A-03 )  in  accompl ish ing the nominal  mission,
and de f i nes  the r ecommended  sy l labus of t r a i n i ng .  The nominal t ra in ing
m iss ion  is t h ree  o rb i t s  (wi th va r ia t ions )  that inc lude s i tuat ions and events
equivalent to all s igni f icant  aspec t s  of the planned M iss i on  204A .  Al l
sessions in the syl labus are with d i r ec t  respec t  to the nominal t raining
mission.

xxi [xxii
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SECTION I

DESCRIPTION

GENERAL DESCRIPTION.

The pu rpose  of th is  sec t i on  of the handbook is to provide suff ic ient Apol lo
M iss i on  Simulator (AMS) descr ip t ive information to the ins t ruc to r -opera to r  for
effect ive operat ion of the s imulator  without recourse  to o ther  AMS
documentat ion.

The AMS is  a f ixed base training dev ice  capable of simulating the cha r -
ac te r i s t i c s  of space veh ic le  sys tems  pe r fo rmance ,  fl ight dynamics,  and aural
and v isua l  e f fec ts  dur ing f l ight.  In  addi t ion to normal  spacec ra f t  opera t ion,  the
AMS is capable of simulating degraded or malfunct ioned sys tem performance.
The AMS prov ides training for fl ight crews in the operat ion  of spacecraf t
sys tems ,  space navigat ion, and c rew  p rocedu res  for m i ss i on  opera t ion .

Simulation is accomp l i shed  by means  of so lut ion of spacec ra f t  math
model prob lems in three specia l ly  p rogramed,  genera l  purpose,  digital com-
pu te rs .  An  i l l us t ra t i on  of  the s imu la to r ,  as  i ns ta l l ed  a t  MSC,  i s  p rov ided  i n
figure 1 -1 .  The computer  a rea  is shown at the right i n  the f igure ,  the
i ns t ruc to r -ope ra to r  stat ion is  i n  the cen te r ,  and the le f t  fo reground shows the
command module and re la ted  v isua l  simulat ion equipment.

Ins t ruc tor  observa t ion  and cont ro l  are per formed at the Ins t ruc to r -
Opera to r  Stat ion (IOS) by means  of repeater d i sp lays ,  con t ro l s ,  and recorders.
Monitoring and faulting of te lemetry  data pr ior  to transmittal  to Manned
Spacecraft  Control  Center (MSCC) is accompl i shed  via a te lemetry  console.

The AMS has two operat ional  modes ,  nonin tegrated and in teg ra ted .  The
nonintegrated mode p rov ides  f l ight c rew  t ra in ing ut i l iz ing pe rsonne l  at the IOS
act ing as ground si te and MSCC personnel in  addit ion to their  normal c rew
moni tor  and con t ro l  t asks .  The in tegra ted mode p rov ides  flight c rew  training

coordinated with the operat ing personne l  of the Manned Space Flight Network
and the M iss i on  Contro l  Cen te r .

The re  a re  two comp le te  s imu la to rs ,  AMS No .  1 located a t  MSC,
Clear  Lake,  Texas ,  and AMS No. 2 at KSC, Cape Kennedy,  F l o r i da .  Con-
f igurat ion of both s imu la to rs  is essen t ia l l y  the same with the only s igni f icant
d i f fe rence being in  faci l i ty and equipment a r rangement .  AMS No.  2 does not
include the Waste Management Support  assemb ly  which contains s to rage  tanks,
f i l t e r s ,  b l owe rs ,  e t c . ,  and assoc ia ted  plumbing requ i red  for  waste
management contro l .
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@ 1 .1 .1  MAJOR UNITS AND SYSTEMS.

The phys ica l  ar rangement  of the AMS equipment at MSC and KSC is
depic ted  in f igures 1-2 and 1-3.  Table 1-1 identif ies each unit and its function.
The AMS is  compr i sed  of the fol lowing sys tems  which are  desc r i bed  in  further
de ta i l s  in  subsequent  pa rag raphs .

S imulated Command Module
Simulated Fl ight Environment
Inst ructor  -Opera to r  Station
Computer  Complex
Per iphera l  Equipment
Data Convers ion  Equipment

1 .1 .2  FACILITIES AND UTIL IT IES.

The AMS accommoda tes  an a rea  of approximately 50 x 100 fee t .  The
maximum height of the AMS is  approximately 28 feet  when the t e l escope  is
mounted on i ts  s t ruc tu re .  Subflooring is  used  in the i ns t ruc to r -opera to r  and
poo led  computer a reas  to accommodate cabl ing and a lso  acts  a plenum for
cool ing a i r  to the equipment.

1 .1 .2 .1  Power Requirements.

¢ The AMS operates f rom a 300-kva 60-cyc le  3-phase 4 -w i re  120 /208-vo l t
a -c  sou rce .  In  the event the input vo l tage l eve l  d rops  be low  105 vo l t s ,  the
computer  complex  en te r s  a "ho ld"  mode interrupt ing the training session.
The facility power  is  d is t r ibu ted into two g roups ,  s imulator  power and utility
power,

1 .1 .2 .2  Uti l i ty Power.

The utility power  is  completely independent f rom the s imulator  power
and p rov ides  the requ i remen ts  for  maintenance and tes t i ng .  The utility power
avai lable is  208 -vo l t  60 -cyc le  3 -phase ;  115 -vo l t  60 -cyc le  l - phase ;  and
+26  vo l t s  dc .  Th is  power  i s  d i s t r i bu ted  to  a l l  conven ience  ou t le ts  in  the AMS,
the cabinet  ove rhea t  warning sys tem,  the SCM emergency  l igh ts ,  power
sequenc ing ,  the ve r t i ca l  i nse r t i on  sys tem,  the power s tatus l ight,  and the
c losed  c i rcu i t  te lev is ion  sys tem.

1 .1 .2 .3  Simulator Power .

The s imula tor  power is  rou ted  through a main c i rcu i t  b reake r  to six
ma in  b ranches :

e Life suppor t
® Motor -genera tor  (400 cycle)  *
e Computer complex :

’ e Data conve rs ion  equipment .
® Per iphera l
® Visua l

1-3
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Table 1-1. AMS Equipment Arrangement ®

Unit Name

POOLED COMPUTER AREA

57

58

60

31

53

54

51

48

52

50

49

49B

51A

59

55

50B

50A

49A

28

44

41

47

43

46

45

1-4

Line p r in te r

Card  reader

Card  punch

Paper  tape reade r  and punch

Magnetic tape un i t s  1 and 2

Magnet ic tape uni ts 3 and 4

DDP 224 ( sys tem  E)

Shared per iphera l

Shared access  d is t r ibu t ion  un i t

DDP-224  ( sys tem  D)

DDP-224  ( sys tem  C)

Per ipheral  interface unit

Per ipheral  in te r face  unit

In tercomputer  communication unit

T ime multiplex unit

Per iphe ra l  interface unit

Per iphera l  in ter face unit

Per iphera l  in te r face  unit

Per iphera l  cab ine t ,  data convers ion
equipment (DCE)

Per i phe ra l  cab ine t ,  malfunction insezr-
tion unit (MIU)

Per ipheral  cab ine t ,  digital b i t  input

Per ipheral  cab ine t ,  in tegrated up-data
l ink ( IUDL) ,  computer- to-computer
buffer

Per ipheral  cab inet ,  contro l  box A

Per ipheral  cabinet,  control  box B

In te r face  cab ine t ,  data convers ion
equipment

Desc r i p t i on

Contains two 4K common memor ies  and fully buffered
channel.

Conta ins multiplexing equipment used  to combine computer
memor ies  into in tegrated  mu l t ip rocess ing  system.

Contains 16K memory module.

Conta ins ex tended  memory and di rect  memory access  (DMA)
unit  for  computer E,

Contains swi tch ing log ic  which provides means for  in tercom-
pute r  data transfer.

Contains sw i tch ing  l og i c  which pe rm i t s  s imul taneous commau-
nication between computers and per iphera l  devices.

Contains 8K memory module.

Conta ins ex tended  memory  and  d i r ec t  memory  access  (DMA)
unit for computer  D.

Contains ex tended  memory ,  d i rec t  memory access  (DMA) unit,
and fully buffered channel  for  computer  C.

Contains SCS hand contro l  e lec t ron i cs  providing hand control
inputs to computer  and G&N word  buffer which permi ts  com-
puter  in ter face with PCM-TM encoder .

Contains l og i c  ca rds ,  relay ca rds ,  and power  supplies which
provide entry o f  malfunction codes to  computer.

Contains l og i c  cards  and power  suppl ies which provide for
entry of s i ng le -b i t  sw i tch  c l osu res  to computer.

Contains circuitry and equipment which prov ide data tie-in
with i n t eg ra ted  miss ion  con t ro l  cen te r  (IMCC) and  computer-
to- computer data t rans fe r ,

Conta ins c i rcu i t ry  and equipment which direct s igna ls  between
computers and all other data convers ion  units.

Same as  . un i t  43 ,

Contains cabl ing and connectors used as a patch panelbetween
data convers ion equipment and remainder of simulator.



Unit No.

81

42

82

65

66

67

68

75

84

94

77

56

40

39

34

30

76

32

33

37

Table 1 -1 .

Unit Name

Per iphera l  cab inet ,  digital wo rd  input
(DWI ) ,  cent ra l  timing equipment (CTE)

Per iphera l
(DBO)

Per ipheral
(DBO).

Per iphera l

cab ine t ,

cab ine t ,

cabinet,
put ,  re lay (DWOR)

Per iphera l
put (DWO)

Per iphera l
conve r te r

Peripheral
conve r te r

Per iphera l
conver te r

Per iphera l

Per ipheral

Per iphe ra l

Per ipheral

cab ine t ,

cab ine t ,

cab ine t ,

cabinet,

digi tal  b i t  output

digital b i t  output

digital word  out-

d ig i ta l  wo rd  out-

digital-to-analog

dig i ta l - to-analog

dig i ta l - to~analog

equipment

equipment

cabinet,

cab ine t ,

DCE

DCE

Switching cabinet (gu idance and navi-
ga t i on )

Switching cabinet  (in-flight test  sub-
sys tem and vo ice communications)

Per iphera l  cabinet  (up-da ta  l ink te le-
metry and simulat ion of digital
command sys tem)

Te leme t r y  cabinet  1

Per iphera l  cabinet ,  b iomedical

Power  cabinet  1

Power  cab ine t  2

Power  cab inet  3

SM6T-2-02
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AMS Equipment Ar rangement  (Cont)

Descr ip t ion

Contains c i r cu i t r y  and equipment wh ich  p rov ide  for entry  of
multi-bit words  to computer and t ransfer  of central  t iming
data.

Contains c i rcu i t ry  and equipment which provide for output of
s ing le  b i t s  from computer to simulator.

Same as un i t  42.

Conta ins c i rcu i t ry  and equipment which provide for  outputs of
mul t i -b i t  wo rds  f rom computer to s imu la to r .

Same as uni t  65.

Contains c i r cu i t r y  and equipmentused to conver t  d ig i ta l in for -
mat ion to analog information for  display use.

Same as unit 67.

Same as unit 67.

Contains ana log- to -d ig i ta l  (A /D )  converters and digital-to-
analog (D/A-F) ( fas t )  conver te rs  which are used to conver ter
analog s igna ls  to digital information and vice ve rsa .

Conta ins  ana log  reso l ve r  (A/R) units which accep t  ana log  s i g -
nals f rom d ig i ta l - to -ana log (D /A )  conver te rs  and dr ive
synchro reso l ve rs  and con t ro l  t r ans fo rmers ,  pr imar i ly  in
instruments.

Contains re lay  l og i c  cards and c i r cu i t i n te r rup te r  ca rds .  Unit
d r i ves  digi tal  displays in  IOS, Unit  conta ins re lays that are
assoc ia ted  wi th  command modu le ,  s tab i l i za t ion  cont ro l  sys tem
(SCS), i ne r t i a l  measu remen t  unit ( IMU) ,  Greenwich  mean t ime
(GMT) ,  and computer con t ro l  sys tem.

Con ta ins  amplif iers, f i l t e r s ,  r e l ays ,  and  ne twork  ca rds .  Uni t
s imu la tes  aud io  s i gna l s  r ep resen ta t i ve  of  radio f r equency ,
VHF /AM, S-band communication sys tems ,  in te rphone sys-
t em,  as t ro  loops (to GSE umbilical), and the emergency key.

Conta ins  re lay  ca rds ,  ne twork  ca rds ,  and  400 -cyc le  i nve r t e r .
Prov ides  informat ion for te lemet ry  and 400 -cyc le  power  to
data s to rage  unit i n  C/M.

Conta ins  l ine  d r i ve r s ,  assoc ia ted  power  supply,  pu lse  code
modulation fault con t ro l s ,  attentuator, and  mon i to r  t es t  she l f .
Unit accep ts  sys tem faulting cont ro l  s igna ls  from computer
and IOS to prov ide for sys tems  faulting.

Contains GFE b iomedica l  tape r eco rde r  used to supply bio-
med i ca l  signals to PCM te lemet ry  sys tem.

Contains me te rs ,  sw i t ches ,  bus  ba rs ,  contactors, moto r
s ta r t e r s ,  c i r cu i t  b reake rs ,  and  main power  control panel.
Prov ides  power  to complete simulator.

Same as  unit 32.

Same as  unit 32.

1-5



Uni t  No .

36

35

38

80

63
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Table 1-1. AMS Equipment Arrangement  (Cont)

Uni t  Name

Servo cab inet

Peripheral  cab inet  (swi tch ing)

Per iphera l  cabinet (aural  simulation)

Switching cabinet

Per iphera l  cabinet ,  DCE

TELEMETRY CONSOLE

29 Te leme t r y  conso le

RECORDERS AND PLOTTERS

27

26

25

24

23

73

72

71

70

10

1-6

X-Y  p lot ter

X -Y  p lo t te r

X -T  r eco rde r  3

X -T  r eco rde r  2

X -T  reco rde r  1

Rendezvous window 4 equipment
cabinet

Rendezvous  w indow 4 equipment  cab inet

Landing window 5 equipment cabinet

Landing window 1 equipment cabinet

Te lescope  m iss i on  ef fects p ro j ec to r
(MEP) equipment cab ine t

Sextantand  te lescope  equipment cabinet

Power  equipment cabinet

Visual  equipment cabinet

Descr ip t ion

Conta ins  se rvos ,  se rvo  amplifiers, ne twork  ca rds ,  and  power
supp l ies .  Unit p rov ides  s igna ls  to dr ive inst ruments and d is-
plays in C /M and IOS.

Conta ins  c r ys ta l  can r e l ays ,  mercu ry  r e l ays ,  and power
re lays .  Uni t  p rov ides  information to magnel ine ind ica to r  in
IOS, sequence cont ro l  g roup ,  emergency de tec t ion  sys tem,
and caut ion warn ing  sys tem (CWS).

Contains audio m ixe r  p reampl i f i e r ,  power  amp l i f i e r ,  no ise
genera to r ,  voltage contro l led  attenuator, and f i l te r  plus asso-
c ia ted power  supp l ies .  Simulates no i se . rep resen t i ng  boos te r ,
escape ,  and aerodynamic ef fects  during launch and reentry.

Conta ins D /R  un i t s ,  resolver-digital units, and relay cards.
Unit d r ives  instruments in C /M ,  r ece i ves  resolver-type
information f rom C /M,  and t rans fo rms information to d ig i -
tal data for  computer  use.

Conta ins digital r eso l ve r  units (D/R)  which accep t  digital
words  and prov ide output s ignals represen t ing  analog
functions that dr ive d isp lays us ing  400 -cps  power  as input
signals.

Contains e lec t ron ics  for  ce les t ia l  sphe re ,  m iss ion  e f fec t s .
p ro j ec to r ,  sun shaft ing, and assoc ia ted  power  supp l ies .  Unit
p rov ides  necessa ry  s igna ls  for  inf inity image system disp lay.

Same as  un i t  73 .

Same as  uni t  73 .

Same as unit 73.

Conta ins  e l ec t ron i cs  for  MEP,  ce les t i a l  sphe re ,  and assoc i -
ated power  supp l i es .  Unit p rov ides  s ignals  to simulate visual
display in conjunction wi th t e l escope .

Contains e l ec t ron i cs  for shaft and trunnion angle readout,
sextant ,  t e l escope ,  and assoc ia ted  power  supplies.

Contains re lay assemb ly ,  c i r cu i t  b reake r  pane l ,  var iac  panel,
and bus bar assemb ly .  Uni t  p rov ides  con t ro l s  for al l  power
in visual sys tem,

Conta ins  v ideo mon i to r ,  v ideo s l ide  p ickup ,  camera cont ro l
maintenance contro l  pane l ,  sync genera to r ,  and assoc ia ted
power  supp l i es .  Unit contro ls  TV pickup for  rendezvous and
docking mode l  house ,  and video d isp lay  presentation for G /M .



Unit No.

61
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Tab le  1 -1 .  AMS Equipment A r rangemen t  (Cont)

Uni t  Name

Servo equipment cabinet

Visual  power cabinet

Rendezvous and docking house

INSTRUCTOR STATION

14

15

16

17

18

19

20

64

IOS conso le  1

IOS conso le  2

IOS console 3

IOS conso le  4

IOS conso le  5

IOS conso le  6

IOS conso le  7

Camera  cont ro l  unit

Compresso r  cabinet

Interface cabinet

SIMULATED COMMAND MODULE

91

85

92

86

90

13

Window opt ica l  assembly

MEP power supply

Window optical assembly

MEP power supply

Window opt ical assembly

MEP power  supply

Window opt ica l  assembly

MEP power  supply

MEP power  supply

Te lescope

Descript ion

Con ta ins  se rvo  amp l i f i e r ,  summing ca rds ,  t es t  pane l ,  and
assoc ia ted  power  supp l i es .  Unit provides se rvo  dr ive  s ig-
nals for rendezvous  and docking model  house.

P rov ides  power  cont ro l  and subpower d is t r ibut ion for  al l  vis-
ual equipment.  Rece i ves  power  inputs from main power
d is t r i bu t i on  cab inet  32.  Con ta ins  con tac to r s ,  c i rcu i t
b reake rs ,  con t ro l  sw i t ches ,  and  bus  ba rs .

Contains mode l  of t a rge t  veh i c l e ,  TV  camera  equ ipment ,  and
dr ive sys tem for target veh ic le .  P rov ides  C /M with visual
display of s imulated target vehic le dur ing rendezvous and
docking maneuver ,

Conta ins  con t ro l s  and  e l ec t ron i cs  assoc ia ted  with cameras for
c losed  c i r cu i t  te lev is ion  sys tem.

Contains equipment  to furnish a i r  supply for l i fe sys tem equip-
ment  in  C /M .

Conta ins connectors,  jumper w i res ,  and  terminal boards  used
for  patching s ignals  to SCM and IOS f rom other simulator
cab ine ts .

Contains relay m i r ro rs ,  l ens ,  and other op t ica l  imaging
devices that fo rm inf inity imaging system for le f t -hand land-
ing window and window 1. MEP is included as par t  of
assembly.

Prov ides power  for MEP assoc ia ted  wi th unit 5,

Same as unit 5, except for left-hand rendezvous and docking
window,  and window 2.

Prov ides  power  for  unit  85,

Same as uni t  5, except for  r ight-hand rendezvous and docking
window,  and  w indaw 4.

Prov ides  power  for unit  86,

Same as unit 5, except for right-hand landing window, and
window 5.

Prov ides  power  for unit 83,

Prov ides power  for uni t  13,

1-7
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Table 1 -1 .  AMS Equipment Ar rangement  (Cont)

Unit No. Uni t  Name Desc r ip t i on

12 Sextant

1 Apollo m iss ion  simulator command
module

2 Command module base

EXTERNAL EQUIPMENT

69 400- cyc le  motor-generator  Provides 400- cycle power for simulator,

87 Air compressor  Provides air  supply for cool ing of MEPs,
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Switching of power  to these  b ranches  is  accomp l i shed  by one of two
modes ,  sequent ia l  or  manual .  In  the sequent ia l  mode ,  power  is con t ro l led  by
two swi tch l ights  on  the main power  con t ro l  panel  wh ich ,  when ac t i va ted ,
appl ies  power  immediately to the l i fe support  group and then to the other
branches in 10-second  in terva ls .  In the manual mode, power is contro l led  by
individual sys tem swi tch lights.

A 20 -kva ,  400 -cyc le  moto r  gene ra to r  powered  by the 120 /208  -volt
60 -cyc le  a -c  sou rce  p rov ides  the 400 -cyc le  s ing le -phase  power requ i rements
for the AMS.  The motor  gene ra to r s  are l oca ted  external ly to the immediate
AMS complex area.

A i r  Conditioning.

Fi l te red  condit ioned air  at a temperature of 68+5°F at relat ive humidity
i s  suppl ied by the facility. Each cabinet unit,  excluding the compu te rs ,  the
IOS, and por t ions of the v isual  equipment,  is  equipped with tempera ture  senso rs
which a l e r t  the operat ing pe rsonne l  when excess i ve  temperature  ex is ts  in  one
or mo re  un i ts .  Warning horns  l oca ted  at the IOS and in  cabinet  34, an overheat
warning light at the IOS s imulator  status pane l ,  and warning l ights at the
af fected cabinet  are  act ivated when an overheat  condit ion occurs.

Compressed  A i r .

Two sources of compressed  air are available for the AMS. A 25-hp
compresso r  located external ly to the s imulator a rea  prov ides  cool ing a i r  to
the m iss i on  ef fect  p ro j ec to r  (MEP)  units.

Unit 3 houses  four  a i r  compresso rs ,  which provide a i r  at a p ressu re  of
between 25 and 35 ps ig  fo r  the p ressu re  sui t  s ys tem,  the wate r  sys tem,  and
for  the operat ion of the main hatch mechan ism.

Wate r .

Water  suppl ied  by the facility at a rate of 3 .5  gal lons per  minute at a
temperature  of 60£10°F  is  requ i red  fo r  the cool ing of the 25 -hp  a i r  compres -
so r .  In  add i t ion ,  wa te r  f o r  the simulated was te  and potable wate r  sys tem i s
suppl ied f rom the s tandard- type faucet  l oca ted  near  the SCM.
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SIMULATED COMMAND MODULE (SCM).

The in ter ior  of the SCM is  a rep l i ca  of the spacec ra f t  in te r io r  modi f ied to
mee t  the 1 -g  training requ i rements .  The ex ter io r  of the SCM does not dupl i -
cate the ex ter ior  of the spacecra f t  because  of the requi red configuration of the
visual  sys tem d isp lay equipment.

CREW COMPARTMENT.

The in te r io r  o f  the simulated command modu le ,  as i l l us t ra ted  in
f igures  1 -4  and 1 -5 ,  c l ose l y  r esemb les  that of Spacecra f t  012. The equipment
arrangement,  contro ls and d isp lays,  crew couches, and other charac ter is t i cs
of the c rew  compartment are authentically dupl icated for  pu rposes  of providing
the flight c rew  with an apparent  spacec ra f t  environment.

Tab les  1-2 and 1-3 identify the extent of s imulat ion pane ls ,  assemblies,
compar tmen ts ,  and s to rage  a reas .  Those  pane ls  that dupl icate the i r  coun te r -
part in  both appearance and operat ion are l i s t ed  as ' ' funct ional '  in  the tables.
Those  panels which duplicate their  spacecra f t  counterpart  in  appearance but
are  not functional are  l i s ted  as ' "dummied"  i n  the tables.

A l l  s to rage  a reas  in  the LEB are  functional, with the except ion of s to rage
a reas  ' ' "B'  and '""C'", which are cove red  by blank pane ls .  Blank panels a lso
cover  the a rea  where the i nve r te rs ,  ba t t e r i es ,  battery charger  and junct ion
box are housed  in  the spacec ra f t .

Al l  s to rage  a reas  and attenuator panels  located at the lef t-hand equipment
“bay  (LHEB)  are  authentic rep l i cas  of those in  the spacec ra f t ;  however ,  the

v is ib le plumbing is  not functional.  Blank pane ls  cove r  the a reas  where  the
battery vent,  ECS s team d i rec t  hea te r ,  e l ec t r i ca l  power  sys tem equipment,
and uprighting sys tem  c i r cu i t b reake r  panels a re  normally insta l led at the r ight-
hand equipment bay (RHEB) .  The aft equipment bay prov ides  CO2 abso rbe rs
and s to rage  boxes  and space -su i t  s to rage  a reas  as shown in  f igure 1 -5 .

The c rew  couch assemb ly  and res t ra in ts  are ident ical  in  appearance and
operat ion to that of the spacec ra f t  with only s t ructura l  changes made to mee t
the 1-g  training condi t ions.  The SCM is  not equipped with a s l eep / res t  stat ion
under  the le f t  couch  as in  the spacec ra f t .  The outer  configuration of the SCM
is  ent i re ly  functional within the simulator configuration and is  not intended to
approximate that of the spacecraf t .  (See f igure 1 -6 . )

Egress  f rom,  and i ng ress  to, the SCM is  through the main entry hatch,
or through the tunnel hatch at the apex of the SCM. An entrance ladder ,  hinged
at the bottom to provide contact  with the f loor  in  any ver t ica l  SCM position,
p rov ides  access  to the main entry hatch.  The main hatch mechanism opera tes
on an automatic counterbalance sys tem through a i r  cy l inders  and va lves and
requ i res  only minor manual p ressu re  to open or c lose  the hatch.
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The tunnel hatch connects  to a walkway above the SCM with a sp i ra l
stairway providing access  to the ground l eve l .  To fac i l i ta te movement  through
the tunnel, a ladder internal  to the tunnel s t ruc ture  is p rov ided .  Upon being
unlatched by p lac ing a foot  into the lower  toe ho ld ,  the l adder  d rops  24 inches
into the SCM.  F r i c t ion  b rakes  insu re  that the ladder  fa l ls  at a safe r a te .  The
ladder  is  not v is ib le  when it is  r a i sed  manually to i ts  normal ly r a i sed  position.
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“11

12

13

14

15

16

17

18

19

20

21

22

23

25

26

27

28

30

31

32

33
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Table 1 -2 .  SCM LH,  Fo rward ,  Lower ,  and Af t  Equipment Bays

Nomenclature

Lighting fixtures

CCTV camera

Girth frame shelf ECS controls

Demand p ressu re  and re l ie f  se lec to r  valve

Glycol  accumulator shutoff valve

Left-hand side console (panel 24)

CO; -odor  abso rbe r  diverters

Oxygen contro l  panel

Translat ion control ler panel

Food s to rage  bin

Clothing storage bin

Left suit  connector

Water del ivery system

Right suit  connector

Center  sui t  connector

Cabin temperature control valve

Cabin a i r  recirculating grill

CCTV camera

Food reconst i tut ion device

Clock and event t imer panel

Lighting control  panel

Food  s to rage  compartment

Optical s torage compartment

Food s to rage  compartments

G&N annunciator panel

IMU-CDU panel

Sextant- te lescope shroud

Rate gyro package

Computer con t ro l  panel and DSKY

Gyro and accelerometer package (AGAP)

G&N control  panel

Medical suppl ies compartment

Workshe l f

AMS Status

Functional

Functional

Functional

Funct ional

Functional

Funct ional

Functional

Functional

Functional

Funct ional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Fun ctional

Functional

Functional

Functional

Functional

Funct ional

Functional

Dummaied

Funct ional

Dummied

Funct ional

Functional

Functional

Remarks

Mounted behind removable attenuator
panel,

Mounted hehind attenuator panel,

Mounted behind removable attenuator
panel,

Water  serv ice shutoff valve located at
underside of panel,

Located at unders ide of event and
timer panel.



I tem No.

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

© 66

67
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Table 1-2. SCM LH, Forward,  Lower ,  and Aft Equipment Bays (Cont)

Nomenclature

Power  se rvo  amplifier t ray

Data s torage equipment compartment

| Medical suppl ies compartment

Signal conditioner

Map and manual set compartment

AGC computer

PCM unit 1

PCM unit 2

Workshel f  storage compartment

Storage area C

VHF mult iplexer

Premodulation p rocesso r

VHF /AM transmitter and VHF recovery  beacon

Audio center

VHF /AM transmitter and HF  transceiver

Centra l  timing equipment

Pyro battery panel

S-band power  amplifier

C-band transponder

Unified S-band equipment

Up-data link

Roll ECA

Storage area B

Display ECA

Fecal canister and relief tube

Yaw ECA

Pitch ECA

Auxil iary ECA

CO,  absorber  conta iners

Space sui t  s t o rage

Open area

Water control  panel

CO2 can is te r  d iverter  valve

Coolant control panel

AMS Status

Dummied

Functional

Functional

Functional

Functional

Dummied

Functio nal

Functional

Functional

Blank panel

Functional

Functional

Functional

Functional

Functional

Dummied

Functional

Functional

Functional

Functional

Dummied

Dummied

Blank panel

Dummied

Functional

Dummied

Dummied

Dummied

Functional

Functional

Functional

Functional

Functional

Remarks

Contains modu les  for communications
and data sys tem.

AGC power switch functional.

Same as 37.  )

Same as 37

Same as 37.

Same as 37.

Same as 37.

Same as 37.

Same as 37.

In posi t ion,

End containers m iss ing  for SE-012,

Col lapsib le  unit

Gas chromatograph, storage area A
and flight reco rder  occupy this space
in  S /C .
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@ Table 1 -2 .  SCM LH, Forward ,  Lower ,  and Aft  Equipment Bays  (Cont)

I tem No. Nomenclature AMS Status Remarks

68 Glycol p ressu re  re l i e f  panel Functional

69 Suit circuit return a i r  manual valve Functional | Behind removable attenuator panel,

70 Surge tank Dummied

71 Midcourse  couch support  panel

72 Debr i s  t rap Dummied





I tem No.

10

11

12

13

14

® .16

17

18

19

20

21

22
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Table 1-3.

Nomenclature

Battery vent panel

Shock attenuator panel

Waste management panel

Vacuum c leaner  compartment

Sanitary suppl ies compartment

Window shade s torage compartment

In-flight test  panel

Survival prov is ions s torage compartment

Food s torage compartment

Inlet to waste storage

Persona l  hygiene suppl ies  compartment

Right-hand conso le  bus switch panel

Right-hand c i rcui t  breaker panel

CCTV camera
Lighting fixture

PLSS CO,  absorber  storage area

Elect r ica l  power circuit breaker panel

Shock attenuator panel

Shock attenuator panels

CO, abso rbe r  s torage containers

TV zoom lens s torage container

Feca l  can is te r  and re l ie f  tube.

AMS Status

Blank

Functional

Funct ional

Functional

Functional

Functional

Functional

Funct ional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Speaker panel

Functional

Functional

SCM RH, Forward,  and Aft Equipment Bays

Remarks

Not functional in AMS No. 2

Three separate compartments.

Instrument power  contro l ,  uprighting,
system, and ECS steam duct .  Heating
panels  occupy  this space  in  S/C .

Third container miss ing in SC-012 ,

Container m iss ing  i n  SE-012 .

Stowed posi t ion.

1 -21
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Figure 1-6. SCM Exter ior

SM-6T-2-02-393
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SCM CONTROLS AND DISPLAYS.

Figure I -7  i l lust rates the cont ro ls  and displays of the SCM main display
panel  and the le f t  and r ight side pane l s .  The appearance of the con t ro ls  and
d isp lays  are ind iscern ib le  f rom those of the spacecra f t .  Operat ion of the
con t ro l s  p roduces  a r ea l i s t i c  r eac t i on  of the co r respond ing  d isp lays  and
appropr ia te  opera t iona l  e f f ec t s .

The function of ,  and i ns t ruc to r  visibility to the status o f ,  each  contro l
and indicator are desc r ibed  in tabular format in la ter  paragraphs.

1 -23 /1 -24
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VISUAL SIMULATION MECHANISMS,

The v isua l  sys tems  of the AMS prov ide  rea l i s t i c  exter ior  scenes  for
viewing through the landing and docking windows, the t e l escope ,  and the sextant.
Views simulated by the v isual  systems include the following:

e Ear th and lunar scenes

e Ce les t i a l  s tar  f i e lds  and spec i f i c  navigational s t a r s

® So la r  s imulat ion including sunshaft ing, sun r i se ,  sunse t ,  and day-night
terminat ion

e Moving c loud  cove r

e S - IVB  separa t ion  and t ransposi t ion

® Reentry  and landing scenes

The equipment and i ts  arrangement used to generate and p resen t  the
a forement ioned scenes  are i l l us t ra ted  in f igure 1 -1 .  F igu re  1-8 ident i f ies the
components  of the v isua l  sys tem with r espec t  to the SCM. The ma jo r  com-
ponen ts  that compr i se  the v isua l  s imula t ion a re  the m iss i on  e f fec ts  projectors,
the s ta r  f ie ld  d i sp lays ,  the r endezvous  and docking sys tem,  and the infinity
image sys tem.  (See f igure 1 -8 . )

The m iss i on  e f f ec t s  p ro j ec to r s  provide the ear th ,  moon ,  c l oud  cover,
and reen t ry  scenes  in  addi t ion to so la r  s imulat ion.  In  the AMS there are five
MEPs  which p ro j ec t  these  scenes  to each of the windows and to the t e l escope
disp lay .  There is no hatch window simulat ion in the SE-012 AMS.

The star f ie ld d isplay presents the ce lest ia l  background for each of the
four windows and the telescope display.

The rendezvous  and docking sys tem provides the v isua l  scenes  during the
separa t ion  and t r anspos i t i on  maneuvers  with the S - IVB .  These scenes  are
only p rov ided  to the docking windows and are supe r imposed  on the images
prov ided  by the MEP and the s tar  f i e l ds .  The equipment  used  to implement
th is  s imulat ion inc ludes  a sca led  S - IVB  mode l  and a TV pickup sys tem,  which
are housed  in  the R&D mode l  house ,  and a CRT d isp lay sys tem.

The infinity image sys tem is the opt ica l  unit which combines  the images
f rom the MEPs ,  the star f ield d isp lays,  and the rendezvous and docking sys-
t ems  and p ro j ec t s  them as one compos i t e  image to each of the windows and
the telescope.

1-27
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STRUCTURES AND VERTICAL INSERTION.

The SCM cons i s t s  of two ma jo r  equipment i t ems ,  the command module
i t se l f  and the base assemb ly ,  which suppo r t s  and pos i t i ons  the command module.
In  the assemb ly  are  the componen ts  fo r  the fol lowing subsystems:

SCM a i r  condit ioning
Smoke genera t ion
Waste  management  (de le ted  fo r  AMS No. 2)
Water  supply

The base assemb ly  inc ludes  a i r  condit ioning equipment (exc luding
compresso rs ) ,  smoke genera to r  and l iquid smoke s to rage  tank, potable water
tank, was te  management  components  and s to rage  un i t s ,  and the con t ro l  pane l s ,
c i r cu i t r y ,  t r ansduce rs ,  and ducting and plumbing necessa ry  for  the above
sys tems  ope ra t i on .  A l so ,  housed  i n  the base assemb ly  are  the hor izon ta l  and
ver t i ca l  dr ive mechan i sms  and con t ro l s .

The SCM is capable of both hor izonta l  and ve r t i ca l  movement  under
e lec t r i ca l  or manual power .  Fo r  hor izonta l  movemen t ,  the base is  equ ipped
with V -g rooved  whee ls  which r ide  upon inver ted  angle t r acks  extending out
approx imate ly  14 -1 /2  feet  f r om under the cen te r  of the v isua l  equ ipment .  (See
f igure 1 -1 . )  The only connect ions to the moving unit are  the e l ec t r i ca l  cab les
and the compressed  a i r  l ine for  the oxygen p ressu re  su i t  s ys tem.  The cab les
and compressed  a i r  l ine are suppor ted  by a boom assemb ly  that p ivots as the
SCM is withdrawn hor izon ta l l y .  The boom assemb ly  is suppor ted  by a suppor t
ba r ,  which is equ ipped with a whee l  to fac i l i ta te movement .  A detachable tow
bar  connects the suppor t  bar  to the SCM for  the flexibility r equ i red  during
movement .  Hor izon ta l  dr ive is  accomp l i shed  through two fo rward  whee ls  and
a clutch mechan ism on the SCM base. (See f igure 1 -9 . )

Ver t i ca l  mot ion  is  accomp l i shed  by four lead sc rew  j acks  capable  of p ro -
viding a maximum of 27 inches  of ver t ica l  t r ave l .  When no power  is available,
hand cranks loca ted  on the r ight-hand side of the SCM base may be used to
manually move  the SCM hor izonta l ly  and /o r  ve r t i ca l l y .  The crank mechanism
is i n te r locked  to assu re  that hor izon ta l  mo t ion  is not poss ib l e  unti l  the ve r t i ca l
mot ion is  comp le te  (as is the case dur ing powered  movemen t ) .  Deta i led
opera t iona l  p rocedu res  for  the mechan i sm are def ined in  sec t i on  I of Volume II.

As i l l u s t r a ted  in f igure  1 -1 ,  a walkway is  p rov ided  which a f fo rds  access
to the v i sua l  equipment and to the tunnel hatch and tunnel .  The walkway a lso
p rov ides  s t ruc tura l  suppor t  for  the sextant  and t e l escope  shroud  and the G&N
annunciator panel  and a r i g i d  mounting for  two auxi l iary ho i s t s  used  for
se rv i c i ng  the rendezvous  d isp lay  un i t s .  The walkway is  16 -1 /2  feet  above the
f loo r  and is  equ ipped with a 42 - i nch  handra i l i ng .  Access  to the walkway is
prov ided  by a sp i ra l  stairway equipped with a 36- inch  handrai l ing.
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¢ 1.3 INSTRUCTOR-OPERATOR STATION.

| The ins t ruc tor  - ope ra to r  stat ion (IOS) is  the con t ro l  center  f rom which
the simulator complex  is ope ra ted .  Simulator con t ro l  and moni tor  funct ions
accomp l i shed  f r om the IOS i nc lude :

Cont ro l  and moni tor  s imu la to r  operat ion.
Reco rd  t ra in ing evaluat ion parameters.
Se lec t  and con t ro l  s imu la ted malfunctions.
Cont ro l  and moni to r  computer  opera t ion .
Communicate with f l ight c rew  and suppor t  pe rsonne l .
Monitor and con t ro l  t r a ine r  suppor t  systems.

Figure 1-10 is an i l lustrat ion of the AMS ins t ruc to r -opera to r  console.
The conso le  is  a wraparound des ign  to prov ide maximum visibility to a l l
con t ro l s  and d i sp lays  f rom the mas te r  ( cen te r )  s ta t ion .  Each  conso le  sec t i on
has independent  f l uo rescen t  ove rhead  l ighting and s to rage  space under the

| conso le  coun te r .  The IOS conta ins  repea te r  i nd ica to rs  of those con t ro l s  and
| | disp lays within the s imulated command module (SCM) and addit ional controls

and d isp lays as requ i red  to enable the i ns t ruc to r -ope ra to r ( s )  to ef fect ively \
control  the simulat ion, d i rec t  the training si tuat ion,  and moni tor  crew activ-
i t i es  taking p lace  within the SCM. F igure  1 -11  and tab le 1-4  are p rov ided to |

| i l l us t ra te  the ove ra l l  i n s t r uc to r -ope ra to r  conso le  con t ro l s  and d i sp lays  layout
and identify each panel by name and explain its function. The identity and

® function of each cont ro l  and indicator is  def ined in  f i gu res  and tab les prov ided
la ter  in this sec t ion  of the handbook. |
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Figure 1-11, IOS Simulator Console (Sheet 2 of 15)
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Figure 1-11. IOS Simulator Console (Sheet 7 of 15)
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Figure  1-11. IOS Simulator Console (Sheet 10 of 15)
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Figure 1-11. IOS Simulator Console (Sheet 12 of 15)
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SCM SWITCH 10S SWITCH POSITION IND 10S SWITCH POSITION INDICATOR FUNCTIONAL DESCRIPTION

A) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 1

B) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2

C) ILLUMINATES WHEN SWITCH IN SCM 15 SET TO POSITION 3

A) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 1

B) INDICATES NORMAL OFF POSITION OF SCM SWITCH (DOES
NOT ILLUMINATE)

C) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2

A) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 1—
”

B) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2

C) INDICATES NORMAL OFF POSITION OF SCM SWITCH (DOES
NOT ILLUMINATE)

A S
m

” ILLUMINATES WHEN SWITCH IN SCM 1S SET TO POSITION 1

B) INDICATES CENTER AS NORMAL POSITION OF SCM SWITCH
(DOES NOT ILLUMINATE)

C) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2

A) [ILLUMINATES WHEN SELECTOR SWITCH IN SCM SET TO
POSITION 1

B) ILLUMINATES WHEN SELECTOR SWITCH IN SCM SET TO
POSITION 2

C) ILLUMINATES WHEN SELECTOR SWITCH IN SCM SET TO
POSITION 3

D) ILLUMINATES WHEN SELECTOR SWITCH IN SCM IS SET TO
POSITION 4

E) WHEN DEPRESSED, CHECKS LAMPS OF IOS SELECTOR SWITCH
POSITION INDICATOR

~N 2) > a
n ILLUMINATED WHEN SELECTOR SWITCH IN SCM IS SET TO

\ / B C POSITION 1, OR WHEN NOT ILLUMINATED INSTRUCTOR MAY
O ~ DEPRESS TO MONITOR THAT FUNCTION ON [OS DISPLAY

B) SAME AS A
] — —4 A D

C) SAME AS A

0 -0 -0  | . S
t

E ) SAME AS A

E) WHEN DEPRESSED, CHECKS LAMPS OF 10S SELECTOR SWITCH
POSITION INDICATOR

— A} WHEN DEPRESSED, UPPER HALF OF SWITCH ILLUMINATES
—A— BLUE AND EQUIPMENT IS TURNED ON OR STARTED.

B) WHEN DEPRESSED THE SECOND TIME, LOWER HALF OF SWITCH
ILLUMINATES AND SWITCH FUNCTION IS IN EFFECT.

C) WHEN DEPRESSED, SWITCH ILLUMINATES BLUE AND
EQUIPMENT IS TURNED ON OR STARTED.

SM-6T-2-02-223A

Figure 1-11,  IOS Simulator Console (Sheet 15 of 15)
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Table 1-4 .  I ns t r uc to r -Ope ra to r  Stat ion

Nomenclature

VISUAL SYSTEM STATUS

TRUE TRAINEE ENVIRONMENT

WASTE MANAGEMENT

(Blank)

UP DATA LINK

Lighting controls

In-flight test  panel

(Blank)

Lighting contro ls

IMU-CDU repeater

G&N computer status

CDU repeater

SEXTANT CONTROL

OPTICS

MAP/DATA VIEWER & FILM DRIVE

MARK ERROR

SEXTANT DOORS

ORBITAL POSITION

NAVIGATION PARAMETERS

TEL/SEXTANT DISPLAY

TRUE SPACECRAFT ATTITUDE

AGC

Console communications panel

MALFUNCTION STATUS

MALFUNCTION INSERTION

PERFORMANCE TIMER

Funct ion

Displays mode and status of v isual  system components.

C&D of suit p ressu re ,  temperature, aural  simulation, and smoke
generation,

Repeat  of SCM waste management system panel.

C&D of up-data link panel.

IOS l ight controls.

Repeat  of SCM in-flight test  panel.

Repeat of SCM LEB floodlight panel.

IMU-CDU repeater  and SCM flight control repeater,

Indication of G&N alarms and faults.

Repeat  of SCM CDU ind icat ions.

Indication of SCM SXT control  operation.

Indication of operat ion of optics contro ls in LEB.

Repeat  of lower  equipment bay ( LEB)  opt ics  cont ro l  panel,
l ighting cont ro ls ,  lamp check switch, and SCT shaft and
trunnion readouts.

Indication of map and data viewer (MDV) control operation.

Indication of opt ical  axis angle e r ro r .

Indication of astrosextant  doo rs  status.

Latitude, longitude, and altitude indicators.

Display of s iderea l  hour angle (SHA), declination, SHA/
longitude, declination/latitude, and IOS rotat ion.

CRT display of opt ics  posi t ioning.

True rate and posi t ion indications, and reference frame
being used.

Indication of attitude impulse, AGC mode,  and IMU
temperature contro l  operat ion.

Apollo guidance control  d isplay and keyboard (DSKY), and
three reg i s te r  readouts.

Fuel quantity d isp lay ,  timer, and mark hold re lease .  CRT
mode se lec to r  con t ro l s .

Flood and indicator lighting cont ro ls .

Prov ides  trainer communica t ions .

Display of malfunction and indication of malfunction status.

Control  and status of lower equipment bay c i rcui t  breakers.

Keyboard to control malfunction insertion.

Provides means for  timing to or  from events.
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Tab le  1 -4 .  Instructor-Operator Stat ion (Cont)

Panel Nomenclature Function

32 Contro l  and status of le f t -hand c i rcu i t  b reake r  panel and r ight -
hand equipment bay c i rcu i t  breaker panel .

33 Repeater  indicator of floodlight contro ls  and SCD audio control
panel (SCM panel  No. 26).

34 Indication of pos i t ion and operat ion of SPS and SCS controls
(SCM panel No. 24).

35 | Contro ls  for  IOS f lood and indicator lighting.

36 Provides GMT and time-to/from launch from centeral timing
equipment.

37 Prov ides  repeat  of SCM altimeter and digital readout  of alt i tude
(SCM panel No. 1).

38 Repea t  of SCM panel  No .  3.

39 Repeat of SCM panel No. 2.

40 Repeat  of upper  port ion of SCM panel No. 5.

41 Repeat  of  SCM panel  No .  6 .

42 FDAI INDICATOR Repeat  of SCM FDAI (SCM Panel No. 4).

43 } Repeat  of lower  port ion of SCM panel No. 5.

44 Repea t  of SCM panel No .  8

45 Repeat of SCM panel  No, 7

46 Provides control of simulator operation, X-T recorders,
initialization, and per formance t imer .

47 Conso le  communication panel Prov ides  trainer communications.

48  SIMULATOR STATUS Provides indication of simulator status.

49 ECS VALVE POSITION INDICATORS Prov ides  indications o f  ECS valve positions.

50 Repea t  of SCM panels  No. 10 and No. 11,

51 ECS VALVE POSITION INDICATORS Repeat indicators of SCM ECS valve posit ions.

52 Repea t  of SCM panel No. 12 ( less MISSION ELAPSED TIMER
and se lec to r  swi tch) .

53 Repea t  of SCM AGC up-data link cont ro ls  (SCM panel  No .  14).

54 Repeat  of RCS INDICATORS se lec to r  swi tch (SCM Panel
No. 12).

55 Repeat  of upper  por t ion of SCM panel  No, 13,

56 Main d i sp lay  AGC DSKY repea te r  ( scM panel  No .  14).

57 Repea t  of SCM panel  No,  15,

58 : Repeat  of lower  por t ion of SCM panel No. 13,

59 | Repeat of SCM panel No. 16

60 | | | AMS emergency stop, SCM l ighting, and IOS flood
and indicator controls.

61 MALFUNCTION INSERTION. Keyboard used  to  control malfunction insertion.

Ca p r
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Table 1 -4 .  Ins t ruc to r -Opera to r  Station (Cont )

Panel Nomenclature Function

62 (Blank)

63 
| Repeat of SCM panel No. 19.

64 Repeat of SCM panel No. 17 and upper portion of SCM panel No. 18.

65 Prov ides GMT and time-to/from launch time from central  timing
equipment,

66 Repeat  of left  port ion of SCM panel No. 18.

67 Repeat of upper  right port ion of SCM panel No, 18,

68 Repeat of lower port ion of SCM panel No. 18.

69 Repeat  of communications port ion of SCM panel No. 20.

70 Repeat  of SPS por t ion of SCM panel No. 20,

71 Conso le  communications panel Prov ides t ra iner  communication. |

72 Prov ides control and status of right-hand c i rcui t  breaker  panel
(SCM panel No. 22).

73 Repeat  of swi tches on SCM panel No. 22.

74 Repeat of SCM panel No. 23.

75 Repeat  of swi tch pos i t ions on SCM panel  No. 21.

76 IOS flood and indicator l ighting controls,

77 MALFUNCTION STATUS Dispa ly  of malfunction and indication of malfunction status.

78 Control  and status of c i rcu i t  b reake rs  on SCM panel No. 21.

79 MALFUNCTION INSERTION Keyboard to control malfunction inser t ion.

80 PERFORMANCE TIMER Provide means for timing-to or  f rom events.

81 COMPUTER STATUS Indication of status of AMS computers.

82 VOICE PLAYBACK Input plug and volume contro l  for  tape r eco rde r  playback unit.

83 KRS s tac t  r eco rde r  Voice recording equipment (trainer).

84 E lec t r ica l  power  out let  for  tape r eco rde r  playback unit.

85 Lamp test. 
|

86 Status indications of data recording equipment (trainer).

87 COMMUNICATIONS INTERFERENCE Voice communication interference controls.

88 IOS flood and indicator lighting controls.

89 Conso le  communication panel Prov ides t ra iner  communicat ions.
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1 .3 .1  MAIN DISPLAY PANEL (SCM-IOS).

F igu res  1 -12  through 1 -37  and tab les  1-5 through 1-30  i l lus t ra te  the
individual SCM pane ls  of which the SCM main d isp lay panel  is compr i sed  and
include the IOS pane l  a rea  where  status of each SCM panel is  man i fes ted .
Numer ica l  indexing of the f i gu res  co r re l a tes  the f i gu res  with co r respond ing
tab les  ident i fy ing each SCM con t ro l  and d i sp lay  by name ,  explaining i t s  function,
and desc r i b i ng  the manner  of I0S mani fes ta t ion .  A s ing le  number code (per
panel) is used for both the SCM and the IOS i l lus t ra t ions .  Where a given SCM
cont ro l  or d isp lay  does not have an IOS equiva lent ,  the identifying number  on
the SCM panel i l lust rat ion  is indicated with a white numeral  on a black circle.
Where a con t ro l  or d isplay l oca ted  on the IOS does not have an SCM counter -
pa r t ,  the identifying number  on the IOS panel  i l lus t ra t ion is ind icated by a
white numera l  on a b lack  squa re .

1 .3 .1 .1  Baromete r  Al t imeter Panel .

F igu re  1-12  i l l us t ra tes  the SCM equivalent of the ba romete r  a l t imeter
pane l ,  S /C  panel  No .  1, and i t s  assoc ia ted  IOS repea te r  pane l .  The contro ls
and d isp lays on th is  panel  re la te  to the sequence  control  g roup  sys tem
s imula t ion .

Table 1-5  def ines the function and instructor visibility to the status of
each of the contro ls  and displays.

1-53
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SM-6T-2-02-1248

F igure  1-12. Baromet r i c  Alt imeter Panel

Table 1-5. Barometr ic Al t imeter Panel

I ns t ruc to r
Key Nomenclature Function Vigibility Remarks

1 Barometr ic  altimeter Provides indication of "SCM repea te r  Mete r  range 0 to 100, 000 feet.
vehicle altitude. instrument Markings for  APEX COVER at

24 ,000  feet and main parachute
deploy at 10, 000 feet .

2 ALTITUDE NAUTICAL Prov ides four -d ig i t  readout | Digital d isp lay
MILES digital altimeter of vehic le altitude. (IOS only)
(IOS only)

1 -54
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S/C Panel  No. 2.

Figure  1-13  i l l us t ra tes  the SCM equivalent to S /C panel  No.  2 and i ts
assoc ia ted  IOS repea te r  pane l .  The cont ro ls  and displays on this panel are
assoc ia ted  with the stabi l izat ion and cont ro l  sys tem,  se rv i ce  p ropu ls ion  sys tem,
and equations of mot ion simulation.

Table 1-6 def ines the function and inst ructor  visibility to the status of
each of the con t ro ls  and displays.

FOAL
BRIGHTNESS

GRAVITY

OVERRIDE RESET

FDAI
BRIGHTNESS

_ / \
Figure 1-13. Spacecraft  Panel No. 2 3M-61-2-02-353
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Nomenc la tu re

g meter

OFF-INCR

FCSM sw

AUTO

OVERRIDE

FCSM sw

ON

OFF

RESET

FDAI sw

SELF TEST

OFF

SMé6T=-2-02

Table 1-6 .  S /C Panel No.  2

I ns t r uc to r
VisibilityFunct ion

Display S/C positive and
negative g loads and reco rds
maximum g read ing
encountered.

Cont ro ls  FDAI panel lighting] Repeater indicator
and THRUST ON lighting.

Enables automatic shutdown | Repeater  lt
of SPS engine by FCSM if
excess i ve  engine vibrat ion
is  sensed.

D isab les  automatic shutdown] Repeater  1t
capability of FCSM.,

Appl ies power  to FCSM
sys tem.

Repea te r  1t

Remove power  from FCSM
sys tem.

Rese ts  the FCSM system
after r ece ip t  of excess i ve
vibrat ion s igna l ,  also
ext inguishes SPS ROUGH
ECO light on panel No. 10.

Repea te r  l t

Appl ies s ignal  voltage of
constant  amplitude to torque
moto rs  within FDAI

Repea te r  I t

Removes test  s ignal  f rom
FDAI and permi ts  normal
operat ion.

Repea te r  indicator

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Remarks

Indicator has three po in te r s :  one for
normal g indications and two for
recording maximum +g and -g
readings. RESET knob enab les
manual r ese t  of record ing pointers
to normal 1-g pos i t i on .

FDAI BRIGHTNESS control is used
in conjunction with FDAI LTG sw on
panel No. 25.

When sw is held in SELF TEST
pos i t i on ,  rate indicators def lect  f r om
null  pos i t ion  to negative pi tch,  roll,
and yaw indication.
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1 .3 .1 .3  S /C  Panel No.  3.

Figure  1-14 i l lustrates the SCM equivalent of S/C panel No. 3 and its
assoc ia ted  IOS repea te r  panel .  The cont ro ls  and d isp lays  on this panel  are
assoc ia ted  with the sequence  cont ro l  g roup ,  the se rv i ce  p ropu ls ion  sys tem,  and
the caution and warning system simulation.

Tab le  1-7 de f ines  the function and ins t ruc tor  visibility to the status of
each of the contro ls  and displays.

— 1 TT  7

= ][ |

[ |  = ]

INJECT PRE-VALVES '
ON

GIMBAL MOTORS )

MICH 2 1 YAW 2

Jelelelele]e)]
I I T
ripe 1-14. co rn  2Panel No. 3

1-57
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Inst ructor
Key Nomencla ture Function Visibility Remarks

1 MASTER ALARM sw-Iit

2 L /V  AOA « SPS Pc sw

L /V  ACA

SPS Pc

3 L./V AOA /SPS Pc indicator

4 ABORT 1t

5 SPS -INJECT PRE-VALVES
sw

B

ON

OFF

SPS - INJECT PRE-VALVES
BW

6 A

ON

OFF

SPS - GIMBAL MOTORS sw

7 YAW 2

START

ON

OFF

1-58

Illumination of It  ind ica tes
malfunction or ou t -o f -
t o l e rance  condit ion as indi-
cated by illumination of
appl icable system status l t
on pane ls  No. 10 and /o r
No. 11,

Repeater  1t

Connects output of Q-ba l l  to | Repeater  1t
L /V  AOA/SPS  Pc indicating
L /V  angle o f  attack.

Connects output of SPS
engine combustion chamber
p ressu re  to L/V AOA/SPS
Pc indicator.

Repeater  It

Time - sha red  indicator with | Repeater  indicator
input de termined  by posi t ion
of L /V  AOA-SPS  Pc sw.

Illumination of 1t indicates
an abort  has been requested
by range safety off icer
ground control.

Repeater It

App l i es  power to SPS
engine propel lant  arming
valve solenoid.

Repeater l t

Removes power  from valve
solenoid.

Appl ies  power  to SPS
engine propel lant  arming
valve so leno id .

Repeater  1t

Removes power f rom valve
solenoid.

Ene rg i zes  moto r  sw which
app l ies  power  to YAW 2
gimbal actuator  motor,

Repeater  1t

App l ies  power  to ove r -  Repeater  1t
undercur ren t  sensing
circuit.

Ene rg i zes  moto r  sw which
removes power  from YAW 2
gimbal actuator motor.

rE Tr SE  TT ga

Illumination of l t  is accompanied by
audio tone in each headse t .  Dep ress -
ing sw rese t s  a larm c i rcu i t ry
extinguishing MASTER ALARM and
MASTER WARNING l t  and s i l ences
the audio tone.

L /V  AOA position used during boost
phase of f i rst  stage.

SPS Pc position used at L /V  first
stage separation,

Light is backup to voice communication
from the ground.



Key Nomenclature

SPS - GIMBAL MOTORS sw

8 YAW 1

START

ON

OFF

SPS - GIMBAL MOTORS sw

9 PITCH 2

START

ON

OFF

SPS - GIMBAL MOTORS sw

10 PITCH 1

START

ON

OFF

SM6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-7. S/C Panel No. 3 (Cont)

Funct ion

Energ i zes  motor  sw which
app l ies  power  to YAW 1
gimbal actuator  motor.

Appl ies  power to ove r -
undercur ren t  sens ing
c i r cu i t .

Energ i zes  moto r  sw which
removes power f rom YAW 2
gimbal actuator mo to r .

Energ izes  mo to r  sw which
app l ies  power to PITCH 2
gimbal actuator motor .

Appl ies power  to ove r -
undercur ren t  sens ing
circui t ,

Ene rg i zes  motor  sw which
removes power  f rom
PITCH 2 gimbal actuator
moto r .

Energ i zes  motor  sw which
appl ies  power  to PITCH 1
gimbal actuator motor.

App l ies  power  to ove r -
undercu r ren t  sens ing
circuit.

Ene rg i zes  motor  sw which
removes  power from
PITCH 1 gimbal actuator
moto r ,

I ns t ruc to r
Visibility Remarks

Repeate r  1t

Repeate r  1t

Repea te r  1t

Repeater  1t

Repea te r  1t

Repea te r  1t
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Flight D i rec to r  Attitude Ind icator .

Figure 1-15 i l lustrates the flight d i rec tor  attitude indicators (FDAI) at
the SCM and i ts  r epea te r  at the IOS. The FDAI is  assoc ia ted  with the
stabi l izat ion and cont ro l  sys tem simulation.

Table 1-8 def ines the function and instructor visibi l i ty to the positioning
of the FDAI indicators.

|

“piv = =

SM-6T-2-02-126A

Figure  1 -15 .  Fl ight D i rec to r  Att i tude Indicator  Panel (Spacecraft Panel No.  4)
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@ Table 1-8. Fl ight Di rector  Attitude Indicator Panel (S/C Panel No. 4)

Ins t ruc to r
Key Nomenclature Function Visibility Remarks

1 Attitude e r ro r  indicators Disp lays pitch, ro l l ,  and Repea te r  Attitude e r ro r  is der ived f rom CDUs
yaw attitude e r ro r s  due to indicators in G&N modes  and BMAGs in SCS
dri f t  or deviat ion from p re -  modes .
sen t  attitude.

2 Attitude rate indicators D isp lays  rate of change of Repea te r  Angular ra tes  are generated by RGP
attitude in p i tch,  r o l l ,  and | indicators or BMAGs in backup mode.
yaw due to drift or  deviation
from p resen t  pos i t ion .

3 Attitude ball d isplay Disp lays S/C attitude re fe r -  | Repeater  Ba l l  face is marked in deg rees  of
enced to iner t ia l  space in instrument latitude and longi tude:  latitude
te rms of body or navigation indicates p i tch attitude and longitude
axes.  indicates yaw attitude. Gimbaling

permi ts  360 deg rees  of f reedom in
ro l l ,  p i t ch ,  and yaw axes.  Ro l l
attitude is indicated by pointer
r e fe renced  to sca le  marked  in  i nc re -
ments of 10 deg rees  about inner
c i rcumference of FDAI  face.

4 Reference indices Provide bas is  for  attitude Repeater  indicator] Hor izon  leve l  index rep resen ts  body
indications to either body axes or ientat ion  with r espec t  to IMU
or navigational axes. s tab le e lement .  C ross -ha i r  indices

| r ep resen t  navigation axes d i sp lace -
ment f rom IMU stable e lement .  Two

| indices are d i sp laced  approximately
33 degrees in pitch axis.
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S/C  Panel  No. 5.

Figure  1 -16  i l l us t ra tes  the SCM equivalent of S /C  panel No .  5 and i t s
assoc ia ted  IOS repea te r  panel .  The con t ro ls  and d isp lays  on th is  panel  are
assoc ia ted  with the sequence  cont ro l  g roup  and the boos te r  propu ls ion  sys tem
simulation.

Table 1-9 def ines the function and ins t ruc tor  visibility to the status of
each of the contro ls  and d isp lays .
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Figure 1-16. Spacecraf t  Panel No. 5
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Nomenc la tu re

MIN  SEC event t imer
display

1L./V GUID 1t

L /V  ENGINE I t

1

APEX COVER JETT  sw

DROGUE DEPLOY sw

MAIN DEPLOY sw

LOCK-UNLOCK sw

LOCK

UNLOCK

SMé6T-2-02
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Table 1-9.  S/C Panel No.  5

Funct ion

Prov ides  c rew  with means
of monitoring and timing
events .

Illumination indicates plat-
form failure in L /V
guidance system.

Illumination indicates
SIB No. 1 or SIVB engine
operating below 90 percent
of total thrust capability.

Illumination indicates SIB
No. 2 engine operat ing
below 90 pe rcen t  capability,

Illumination indicates SIB
No. 3 engine operating
below 90 pe rcen t  capability.

Illumination indicates SIB
No.  4 engine opera t ing
below 90 pe rcen t  capability.

I l lumination indicates SIB
No. 5 engine operat ing
below 90 pe rcen t  capability.

Illumination indicates SIB
No.  6 engine opera t ing
below 90 pe rcen t  capability.

Illumination indicates SIB
No. 7 engine operat ing
below 90 pe rcen t  capability.

Il lumination indicates SIB
No. 8 engine operating
below 90 pe rcen t  capability.

Manual backup to je t t ison
the C/M apex  cove r .

Manual backup to deploy
drogue parachutes.

Manual backup to auto-
matic main parachute
deployment.

Locks the backup swi tches
to prevent inadvertent
operat ion,

Unlocks and enab les  the
backup swi tches to be
dep ressed  manually.

I ns t r uc to r
Visibility

Repea te r  d isp lay

Repeater  1t

Repeater  It

Repeater  l t

Repeater  1t

Repeater 1t

Repeater  1t

Repeater  lt

Repeater  1t

Repeater 1t

Repeater  1t

Repeater  l t

Repeater I t

Repeater  It

Remarks

Timer s tar ts  automatical ly when
liftoff occu rs ;  automatical ly r ese t  to
zero when an abor t  is initiated.
Enab les  crew to t ime events manually
when used in conjunct ion with t imer
cont ro ls  on  panel  No .  8.

Any two SIB engines below 90 percent
of thrust will initiate an automatic
abor t  in  the automatic abort  LES mode.

The drogue parachutes should deploy
automatically at 24, 000 feet + 2
seconds during descent.

Main parachute deployment should
occu r  at  10 ,  000 fee t  dur ing  descent.
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Key Nomenc la ture

8 ADPT  SEP sw

9 CANARD DEPLOY sw

10 |LES MOTOR FIRE sw

11 LIFT OFF-NO AUTO
ABORT sw-1t

LIFT-OFF l t

NO AUTO ABORT sw-l1t

12 L /V  RATES 1t

Table 1-9. S/C Panel No. 5 (Cont)

I ns t ruc to r
Function V is ib i l i t y

Provide manual backup for  |Repeater l t
adapter  separa t ion .

Prov ides  manual backup to Repeater I t
deploy the canard  when
automatic deployment does
not occur  during an abort .

Prov ides manual backup to |Repeater l t
f i re  the launch escape motor.

Il luminates at l i f t-off. Repea te r  l t

I l luminates at lift-off if EDS {Repeater l t
sys tem has not been auto-
matical ly enab led.  Dep ress -
ing sw-1t wi l l  enable the
automatic abor t  function.

I l lumination ind ica tes
excess i ve  launch veh ic le
angular r a tes  in  p i t ch ,  roll
or yaw axes,

Repea te r  1t

Remarks

The canard should automat ical ly
deploy 11 seconds after an abort.

Switch may be used to backup the
LES TWR JETTISON functions.

Light goes out 5 seconds after l i f t -off .

If 1t remains on af ter  dep ress ing  sw-lt,
EDS abort  capability is d i sab led .

Opera tes  in conjunct ion with the EDS
automatic abor t  systern; when used
in conjunction with FDAI  and AOA,
indicates necessity for  manual abort.
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1 .3 .1 .6  Attitude Se t /G imba l  Posi t ion Indicator Panel.

F igu re  1-17 i l l u s t r a tes  the SCM equiva lent  of the attitude set/gimbal
pos i t ion  indicator panel, S/C panel No. 6, and its assoc iated  IOS repeater
pane l .  The con t ro l s  and d isp lays on th is  panel  a re  assoc ia ted  with the
s tab i l i za t ion  and con t ro l  sys tem s imulat ion.

Table 1-10 defines the function and ins t ruc tor  visibi l i ty to the set t ing of
each of the con t ro ls  and displays.

O mes  ———y/

TT [= ]  EH  — 1
PITCH y

~~ TE " 1 LS

= [EEEE i l  T

\1l_/

FDA
ALIGN

ATT SET

SM-6T-2-02-128C
Figure 1-17. Attitude Set /Gimbal  Pos i t ion  Indicator Panel

(Spacecraft  Panel  No. 6)



Tab le  1 -10 .

Nomenc la tu reKey

1 ATTITUDE SET - FDAI
ALIGN sw

2 ATT ITUDE SET  thumb-
whee ls

3 | ATTITUDE SET display

GIMBAL POSITION

4 YAW indicator

5 P ITCH indicator

6 PITCH thumbwheel

YAW thumbwheel

8 ATT SET sw

ATT SET

OFF

SMé6T-2-02
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Funct ion

Enables alignment of att i-
tude gyro coupl ing unit
' (AGCU) reso l ve rs  and FDAI
to attitude d i sp laced  on
ATTITUDE SET ind ica to rs .

Enab les  des i r ed  p i tch,  roll,
yaw angles to be set into
SCS att i tude re fe rence
sys tem.

Disp lay  ro l l ,  p i tch,  and
yaw set t ings in degrees.

Indicates SPS thrust
chamber yaw pos i t ion  in
degrees.

Indicates SPS thrust
chamber pitch pos i t ion  in
deg rees .

Prov ides  manual contro l  of
pitch SPS engine gimbal
position.

Prov ides  manual cont ro l  of
yaw SPS engine gimbal
posi t ion.

Locks  attitude set  vern iers
(p i tch,  yaw, r o l l ) ;  and, in
SCSmode ,  connects AGCU
difference outputs to att i-
tude e r ro r  needles.

Unlocks attitude set
ve rn ie r s ;  and,  in  SCS mode,
connects  BMAG outputs to
attitude e r ro r  needles.

I ns t r uc to r
Visibil ity

Repea te r  1t

Var ia t ion in  at t i -
tude indications

Repeater  d isp lay

Repeate r  indicator

Repeater  indicator

Repeater  indicator

Repeater indicator

Repea te r  1t

Attitude Set/Gimbal  Pos i t ion  Indicator Panel (S/C Panel No. 6)

Remarks

Momentary contact pushbutton sw
must  be held engaged unt i l  alignment
is completed.

Thumbwheels a re  not  l oca ted  o r
indicated on IOS panel.

Utilized when aligning engine thrust
vec tor  with vehicle center of gravity.

Ut i l ized when aligning engine thrust
vec to r  with vehic le center  of gravity.
Null pos i t ion  is equivalent to 0°
marking on thumbwheels.

Yaw gimbal null pos i t ion is equivalent
to + 4° marking on thumbwheel.

Attitude e r ro r  need les  (FDAI) now
indicate difference between value set
by thumbwheels and p resen t  S/C
attitude in SCS modes .  Switch has no
function in  G&N modes.
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Del ta  V Panel.

F igu re  1 -18  i l l us t ra tes  the SCM equivalent  of the del ta V panel ,  S /C
pane l  No.  7, and i ts  assoc ia ted  IOS repea te r  pane l .  The con t ro ls  and d isp lays
on  t h i s  panel  a re  assoc ia ted  with the s tab i l i za t i on  and con t ro l  s ys tem simulat ion.

Table 1 -11  def ines the function and inst ructor  v is ib i l i ty  to the status of
each  of the controls and d isplays.
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Figure 1-18. Del ta V Panel (Spacecraf t  Panel No. 7)

SM-6T-2-02-1298
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Table 1-11.  Delta V Panel (S/C Panel No. 7) ®
Ins t ruc tor

Key Nomenclature Function Visibility Remarks

1 DIRECT ULLAGE sw When dep ressed ,  actuates Repeater  1t
al l  four +X S/C  RCS engines.

| 2 THRUST ON sw-1t When dep ressed ,  app l ies  Repea te r  1t Provides manual backup for SPS
power  to SCS c i rcui t ry  engine ignit ion when G&NAYV mode is
which actuates SPS engine se lec ted .  Prov ides normal manual
control circuit. SPS ignition during SCSAV mode,

sw-1t illuminates when engine ignition
occurs.

3 NORMAL-OFF-DIRECT ON
BW

NORMAL Al lows normal operat ion of  | Repeater  1t
SCS thrust log ic  for SPS
engine firing.

OFF Removes power f rom engine
injector solenoids direct ly
result ing in thrust  termina-
t ion.

DIRECT ON Provides capability of Repeater  1t
bypassing SCS c i rcu i t ry  and
initiating engine f i r ing
directly.

4 |AV REMAINING indicator Displays del ta V remaining | Repeater  indicator| When SPS is thrust ing, t heAV
and/or de l ta  V magnitude in REMAINING ind icator  is dr iven toward @®
f t / sec .  ze ro  by signals f rom SCS X-ax i s

acce le romete r .

5 |AV sw

(+) Enables i nc rease  of delta V | Repeater  1t Five -pos i t ion  sw. Slow rate in either
remaining at slow or rapid d i rect ion is two digi ts per second and
ra te .  f as t  rate is  64 d ig i t s  pe r  second in

either direct ion w i t h  center-of f
(-) Enables dec rease  of del ta V | Repeater  1t pos i t ion .

remaining display at slow or
rap id  r a te .
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S/C  Panel  No .  8.

Figure  1 -19  i l l us t ra tes  the SCM equivalent  of S /C  pane l  No .  8 and i t s
assoc ia ted  IOS repea te r  pane l .  The cont ro ls  on this panel  are assoc ia ted  with
the s tab i l i za t ion  and con t ro l  s ys tem,  the sequence  control  g roup sys tem,  and
the r eac t i on  con t ro l  sys tem s imulat ion.

Table 1-12 def ines  the function and ins t ruc to r  v is ib i l i ty  to the set t ing of
each of the controls, 

|
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Figure 1-19. Spacecraft  Panel No. 8
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Key Nomenclature

1 DIRECT mode sw

DIRECT RCS

OFF

2 LIMIT CYCLE sw

LIMIT CYCLE

OFF

3 ATT  DEADBAND sw

MAX

MIN

4 |ATTITUDE/MONITOR/
ENTRY sw

ATTITUDE

MONITOR

ENTRY

RATE GYRO sw

5 ROLL  sw

NORMAL

BMAG

6 PITCH sw

NORMAL

BMAG

7 YAW sw

NORMAL

BMAG

SMé6T-2-02
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Table 1 -12 .  S/C Panel  No.  8

Function

Appl ies  power  to rotation
contro l ler  enabling d i rec t
manual contro l  of S /M  or
C /M  RCS engines.

Inhibits d i r ec t  cont ro l  of
C/M o r  S/M RCS engines,

Al lows limit cycl ing of RCS
engines during attitude con-
t ro l  modes.

Inhibits operat ion  of SCS
pseudo- ra te  circuit.

Select  deadband of £5, 0
deg rees .

Select  deadband of £0. 5
degrees.

Enab les  G&N o r  SCS a t t i -
tude mode con t ro l .

Enables  moni tor  mode.

Enables G&N or SCS entry
mode.

Al lows  normal BMAG
operat ion.

Enab les  BMAG rate  mode
of operat ion,

Al lows  normal BMAG
operat ion ,

Enables BMAG rate mode
of operat ion,

Al lows normal BMAG
operat ion.

Enables BMAG rate mode
of operat ion.

I ns t ruc to r
Visibility

Repeate r  I t

Repeater  1t

Repeater 1t

Repeater  1t

Repeater  It

Repea te r  1t

Repea te r  It

Repea te r  1t

Repeater  l t

Repea te r  1t

Repeate r  1t

Repeater  1t

Remarks

Posi t ion bypasses  al l  SCS e lec t ron ics
providing d i rec t  contro l  of engines.

Prevents att i tude co r rec t ion  s ignals
f rom being sent to RCS until attitude
e r ro r s  exceed se lec ted  deadband.

Switch is used in conjunction with
G&N/SCS,  AV and LCL  VERT sw to
enable se lect ion  of fl ight control
modes .

Placing RATE GYRO sw to BMAG
posi t ion  removes BMAG attitude
e r ro r  signal to FDAI  and appl ies a
signal  to gyro torque motors  causing
BMAG to function as rate gyro.
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Table 1-12. S/C Panel No. 8 (Cont)
I ns t ruc to r

Key Nomenclature Function Visibility Remarks

SCS CHANNEL sw

g AC ROLL/OFF sw

AC ROLL Appl ies  power to normal Repeater  l t
A&C ro l l  injector valve
so leno ids  enabl ing normal
RCS engine operation.

OFF | Removes power f rom no r -
mal  A&C ro l l  in jector
valve solenoids inhibiting
normal manual rotat ion
control  and automatic SCS
contro l  of RCS engines.

9 BD ROLL/OFF sw

BD ROLL App l ies  power  to normal Repeater  it
B&D rol l  injector valve
so leno ids enabl ing normal
RCS engine operation,

ROLL Removes power from nor-
mal B&D ro l l  injector valve
so leno ids inhibiting normal
manual ro ta t ion  con t ro l  and
automatic SCS con t ro l  o f
RCS eng ines .

10 PITCH/OFF sw

PITCH App l ies  power  to normal Repeater  1t
pi tch injector valve so le -
noids enabl ing normal RCS
engine opera t ion .

OFF Removes power from no r -
mal  p i t ch  in jector  valve
so leno ids  inhibiting normal
manual rotat ion contro l  and
automatic SCS cont ro l  of
RCS eng ines ,

11 YAW/OFF sw

YAW App l ies  power  to normal Repeater  1t
yaw injector valve so lenoids
allowing normal RCS engine
ope ra t i on ,

OFF Removes power f rom nor-
mal  yaw injector valve
so leno ids  inhibiting normal
manual rotation cont ro l  and
automatic SCS contro l  of
RCS engines.

12 ELS LOGIC sw

(Up) Connects 28 vdc to ELS Repeater 1t Switch is posit ioned up during entry
logic c i rcu i t ry .  Circui t ry or after SPS abort.
is  powered  automatically
during LES abort.

| (Off) Disconnects 28 vdc from
ELS log ic  circuitry.



Key Nomenclature

CM PROP JETT  sw

13 PURGE sw

(Up)

{Down)

14 DUMP sw

(Up)

(Off)

15 LOGIC sw

(Up)

(Off)

UNLOCK

DIGITAL EVENT TIMER sw

17 SEC sw

TENS

(Center )

UNITS

18 MIN sw

TENS

{Center )

UNITS

19 START /STOP sw

(Center)
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Table 1 -12 .

Function

Activates C/M propel lant
pu rge  system and ECS gas
chromatograph he l ium dump
opera t i on .

Deac t i va tes  C/M prope l l an t
purge operation and ECS gas
chromatograph hel ium dump
opera t ion .

Activates C /M  RCS fuel
sys tem dump /bu rn  ope ra t i on
and 10 engine propel lant
injector valves.

Deact ivates C /M  RCS fuel
system dump /burn
operat ion.

App l i es  power  to RCS con -
t ro l  box l og i c  circuitry.

Removes  power  f r om RCS
control  box logic circuitry.

Unlocks c rew  couch
attenuators.

Normal fl ight pos i t ion.

Runs SEC ‘indicating drums
of event  t imer in  tens .

No function.

Runs second SEC indicating
drum in units.

Runs MIN indicating drums
i n  t ens ,

No function,

Runs second MIN indicating
drum in units.

Starts event t imer

Normal operating position.

S/C Panel No. 8 (Cont)
I ns t ruc to r
Visibility

Repeater l t

Repeater i t

Repeater It

Repeater 1t

Repeater  1t

Repea te r  1t

Repeater 1t

Repeater I t

Repeater 1t

ON repeater l t

Remarks

Switch posi t ioned up af ter C /M  p ro -
pel lant supply has been dep le ted  in
o rde r  to purge prope l lant  tank lines,
Switch only act ive i f  LOGIC and DUMP
sw a re  in pos i t i on ,

LOGIC sw must be placed in up pesition
f o r  dump/burn operation.

Arms DUMP and PURGE sw.

Attenuators a re  unlocked p r io r  to earth
landing.

Timer s ta r t s  automatically at lift-off,
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20

21

22

23

24
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Nomenclature

STOP

RESET-UP-DOWN sw

RESET

UP

DOWN

G&N/SCS sw

G&N

SCS

AV/OFF sw

AV

OFF

LCL VERT/OFF sw

LCL  VERT

OFF

.05G ENTRY/OFF sw

. 05G ENTRY

OFF

SMé6T-2-02
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Table 1-12. S/C Panel No. 8 (Cont)

Funct ion

Stops event timer.

Rese ts  event t imer to  ze ro .

Completed c i rcu i t ry  for
event t imer to time up.

Complete c i rcui t ry for
event t imer to t ime down.

Enables G&N control  for
attitude con t ro l ,  monitor,
entry, or delta V control
mode.

Enables SCS control  for
attitude cont ro l ,  moni tor ,
entry, or del ta V control
mode.

Appl ies  signal to SCS
enabl ing sys tem for mode
o f  opera t ion ,  a l so  enab les
manual t h rus t  vec to r
con t ro l .

Inhibits delta V and manual
thrust vec to r  control  modes
and permits operation of
SCS in  o ther  modes.

Appl ies constant amplitude
signal  to AGCU torque
motors.

Al lows normal BMAG
operat ion.

Inhibits C /M  p i tch  and yaw
attitude contro l  channel in
G&N entry mode;  and pi tch,
yaw,  and ro l l  attitude con -
t ro l  in SCS entry mode.
Also coup les  ro l l  rate
signal to yaw channel.

Allow normal  att i tude con -
t rol  operat ion.

I ns t ruc to r
Visibility

Repeater  1t

Repeater  1t

Repeater  1t

Repeater 1t

Repeater It

Repeater  It

Repeater 1t

Repeater  1t

Repeater  1t

Remarks

Timer is automatically r ese t  when
abort is initiated.

Switch is used in conjunction with
other fl ight control  mode sw.

Power  is only appl ied  to sw when in
e i ther  G&N or SCS entry mode.
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$ 1 .3 .1 .9  S/C Panel No. 10,

F igu re  1 -20  i l l u s t r a tes  the SCM equ i va len t  of  S /C  pane l  No .  10 and i t s
assoc ia ted  IOS repea te r  panel ,  The d i sp lays  a re  assoc ia ted  w i th  the cau t ion
and warn ing system simulation.

Tab le  1-13 de f i nes  the funct ion and i ns t r uc to r  v i s ib i l i t y  to the s ta tus  of
each of the displays.

4 5 6
\ \ [| / /  /
\ J Fr [ 7

13  COU FAL IMU ruff IMU 4 vod 7
pu N can ace GaN ERROR GMBL LOCK Hy PRESS

CM RCS C/M RCS AGC PWR oo ress Luge—8
Agp l  8 FALL 2"  |

12  TSM RES S/M RCS 5/M RCS S/M RCS
A B c D 9

moon)  
| /

\ \_1/—N _-—VN / \@®IV  \
nN 9 10

~~  CDU FAIL mura l  | mw reme lf AGAP TEMP |
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Figure 1-20. Spacecraft  Panel No. 10
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Nomenclature

CDU FAIL 1t

IMU FAIL 1t

G&N ERROR 1t

IMU TEMP 1t

GMBL LOCK 1t

AGAP TEMP 1t

H ,  PRESS l t

O,  PRESS It

S/MRCS A, B, C, D1t

AGC PWR FAIL It

SPS ROUGH ECO It

SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1 -13 .  S/C Panel No.  10

Funct ion

Indicates loss of 25.6 kc
power ,  CDU gimbal e r ro r
f a i l u re ,  o r  l oss  of motor
exc i ta t ion in  one o r  mo re
coupl ing d isp lay  units.

Indicates gimbal servo
e r ro r  fa i lu re ,  loss of
3200 cps power ,  gyro wheel
power ,  r eso l ve r  and
t achomete r  exc i ta t ion ,  o r
- 28 -vo l t  d-c power within
IMU,

Ind icates  fa i lure in  AGC,
IMU, acce le romete r  loops,
or CDU.

Indicates IMU temperature
has deviated 5 degrees  f rom
normal.

Indicates middle gimbal
ang le  g rea te r  than +60
deg rees  with r espec t  to
ou te r  gimbal.

Indicates attitude gyro
acce le rome te r  package
(AGAP) temperature is less
than 168°F  or g rea te r  than
172°F .

Indicates H ,  tanks 1 or 2
p ressu re  is above 270 psia
or below 220 psia.

Indicates O,  tanks 1 or 2
p ressu re  is above 950 psia
or  below 800 psia.

Indicates S/M sys tem has
fa i led due to one of the
fo l lowing:

a. Regulated  helium
manifold p ressu re
ove r  215 ps ia  o r  under
155 ps ia.

b. Package tempera ture
over 175°F or under

c. Propel lant quantity
ratio not within 6 .0
pe rcen t  of 2:1 rat io,

Indicates loss of - 10 - ,  - 3 - ,
or +28-vo l t  d-c power in
AGC.

Indicates excess ive  v ibra-
tion sensed on SPS engine
due to rough combust ion
during SPS engine f i r ing .

I ns t r uc to r
Visibility

Repeate r  1t

Repeater It

Repeater  1t

Repeater  1t

Repea te r  1t

Repea te r  1t

Repeater  1t

Repeate r  1t

Repea te r  1t

Repea te r  1t

Repeater  1t

Remarks

I l lumination of any of the warning l t
s imul taneously illuminates the
MASTER ALARM and MASTER
WARNING 1t, and an audible tone is
sent to each headse t .



Key

12

13

Nomenc la tu re

C/M RCS A, B l t

G&N ACCEL  FAIL 1t

SM6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-13. S/C Panel No. 10 (Cont)

I ns t r uc to r
Funct ion Visibility Remarks

Indicates C /M  sys tem Repea te r  1t
fa i lure due to over  or
undernormal p ressu re  of
regu la ted  hel ium manifold
p ressu re  p r i o r  to or a f ter
p ressu r i za t i on  (be low 265
psia or above 325 psia).

Indicates 120 -vo l t  d-c power] Repea te r  1t
l o ss  o r  acce le rome te r  e r ro r

‘ |  fa i lure in  one o r  mo re
accelerometers.
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1 .3 .1 .10  S/C Panel  No.  11.

Figure 1-21 i l l us t ra tes  the SCM equivalent of S/C panel No. 11 and its
assoc ia ted  10S repea te r  panel .  The cont ro ls  and d i sp lays  on th is  panel  a re
assoc ia ted  with the caut ion  and warning sys tem simulation.

Tab le  1 -14  de f ines  the funct ion and i ns t r uc to r  v is ib i l i t y  to the s ta tus of
each of the con t ro l s  and d isp lays .

1 2 3 4 5 67  8
[ [ fA  A )  /

8 Ee / fo /

1 6 DR FAIL TEMP HI TEMP HI i CSM
——— YAW GMSL, SPS PU MN BUS A MN BUS8

DR FAIL SNSR FAIL RB UNDER VOLT | UNDER VOLT

AC BUS 1 AC BUS 2
CO2 PP HI A FAIL FAIL POWER MODE

/MCAUT/WARN AC BUS 1 AC BUS AN
FAIL 02 FLOW wl \ OVERLOA Nemo> W

[ 1  A ®
Vd5 1413121109 610%

(=)

L l

| / 2 3

®

®

8 Higd ACC F/CBUS Ee  NV  ®- FAIL DISCONNE /C TEMPHy17 GLYCOL INV 2
TEMP LOW | SPS PRESS F/C2 TEMP Hi ———CAUT/WARN ——

PITCH GMBL | SPS WALL — INV 3 POWER MODE1[) DE FAIL TEMP HI TEMP HI N CSM
YAW GMBL SPS PU MNBUSA | MNBUSS SEOR FAIL suse FAIL | unpervorr | unbervolr

AC BUS 1 acosz § of] | =CO, rr Hi FAIL FAIL F
CAUT/WARN AC BUS | AC BUS 2 F /FA C2 FLOWH | overoaohl]\ ovemoao)

2 c/M

151214 13 11109 6109 6 7 8  sM-6T-2-02-132A
Figure  1 -21 .  Spacecra f t  Panel  No .  11
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Nomenc la ture

H,O ACCUM FAIL 1t

F /C  BUS DISCONNECT 1t

SPS PRESS 1t

F /C1 ,  F /C2 ,  F /C  31t

INV 1, 2, 3, TEMP HI  1t

MN BUS A UNDERVOLT 1t
and MN BUS B UNDERVOLT
1t

SMé6T-2-02

Tab le  1 -14 .  S/C Panel  No.  11

Funct ion

Indicates de tec t ion  of
oxygen in water  expel led
f rom accumu la to r .

Indicates fuel  ce l l s  1, 2, o r
3 has been disconnected
f rom d -c  main bus  A o r  B
due to fuel  ce l l  ove r load  o r
r eve rse  cur ren t  sens ing
c i r cu i t r y .

Indicates SPS propel lant
tank p ressu re  is above 200
ps ia  or  be low 160 psia.

Indicates one of the fo l low-
ing condi t ions ex i s t  in  the
respec t i ve  fuel ce l l :

a. O,  f low rate below
0.284 lb /hr  or greater
than 1.  304 l b / h r

b. Hy flow rate below
0.036 lb /hr  or g rea te r
than 0.163 lb /h r

c. F /C  module skin
temperature below
385°F  o r  above 500°F

d. A pH fac tor  above 9

e. F /C  inlet radiator
temperature below
- 30 °F

f. F /C  condense r
exhaust t empera tu re
l e ss  than 155°F  o r
above 170°F

g. Hy regu la tor  output
p ressu re  g rea te r  than
75 psia

h., Op regu la tor  output
p ressu re  g rea te r  than
75 psia

i. Np regu la to r  output
p ressu re  g rea te r  than
70 ps ia .

Indicates a temperature of
above t 248°F  ex i s t s  in the
respect ive  inverter,

Indicates vol tage on the
respec t i ve  d-c main bus
drops below 26,25 volts.

I ns t r uc to r
Visibil ity

Repea te r  I t

Repea te r  l t

Repea te r  1t

Repea te r  1t

Repea te r  It

Repea te r  1t

Remarks
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Nomenclature

CAUT/WARN

POWER sw

1

OFF

. MODE sw

CSM

C/M

AC BUS 1 and AC BUS 2
FAIL 1t

AC BUS 1 OVERLOAD 1t
and AC BUS 2 OVERLOAD
It

SPS WALL TEMP HI  1t

SPS PU SNSR FAIL 1t

O,  FLOW HI  1t

CO, PP H I  I t

CAUT/WARN FAIL 1t

YAW GMBL DR FAIL 1t

Table 1-14, S/C Panel No. 11 (Cont)

I ns t ruc to r
Function Visibility

App l ies  power  to caution
and warning system power
supply No. 1.

Removes power from both
caution and warning system
power supplies.

App l ies  power  to caution
and warning system power
supply No. 2.

Appl ies power to S/M
system status l ights
enabling both C /M  and S /M
l i gh ts .

Removes power from S/M
system status l ights ena-
bling C /M  l ights only.

Indicates the following
condit ions ex is t  in any of
the three phases of the
respect ive  a-c bus:

a. Undervoltage (be low
85 to 100 vo l ts )

b. Overvoltage (above
130 to 145 volts).

Indicates an over load exis ts
on the respec t i ve  a-c  bus
(250 to 300 pe rcen t  rated
cur ren t ) .

Indicates SPS wal l  temper-
ature has exceeded 485°F .

Indicates remaining SPS
ox id ize r - to - fue l  ratio (by
weight) exceeds 300 pounds
or 90 pe rcen t  of cr i t ica l
unbalance.

Indicates ECS oxygen f low
has  exceeded  1.0 l b /h r .

Indicates CO, part ia l  p res -
sure has exceeded 5 mm Hg.

Indicates caut ion and warn -
ing power  supply failure.

Indicates an undercurrent
o r  ove rcu r ren t  condit ion
has occu r red  in main yaw
gimbal drive control.

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  It

Repea te r  l t

Repeater  1t

Repeater  It

Repeater  It

Repeater  I t

Repeater  I t

Repeater  l t

Repeater  1t

Remarks

Inverter supplying bus is  auto-
matically disconnected when over load
i s  de tec ted .

Audio alarm por t ion of alarm sys-
tem inoperative due to failure.



Key
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Table 1 -14 .  S/C Panel No.  11 (Cont)

I ns t r uc to r
Nomenc la tu re  Funct ion Visibility Remarks

PITCH GMBL DR FAIL l t  Indicates an undercurrent  Repea te r  1t
ar overcur rent  condit ion
has occu r red  in main pi tch
gimbal drive contro l .

GLYCOL TEMP LOW 1t Indicates wa te r -g lyco l  Repeater  1t
tempera ture  from space
rad ia to r  output dec reases
below -20°F ,
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1 .3 .1 .11  S/C Pane l  No.  12. ®

Figure  1-22 i l l us t ra tes  the SCM equivalent of S/C panel No. 12 and its
assoc ia ted  IOS repea te r  pane l s .  Al l  con t ro ls  and d i sp lays  with the excep t ion
of the m iss i on  e lapsed t imer  are associated with the react ion  contro l  system
s imu la t i on .

Table 1-15 de f ines  the function and i ns t ruc to r  v is ib i l i t y  to the status of
each of the cont ro ls  and d isp lays .

LSS
ApH [EEEEE

OXIDIZER
OO:INDICATORS:

Cl  | e ]  SR)

0 2 8 7 SM-6T-2-02-1338

Figure 1-22. Spacecraft  Panel No. 12
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Nomenc la tu re

S/M RCS - TEMP PKG
indicator

S/M RCS - PRESS - H
indicator

e

S/M RCS - PRESS - MANF
indicator

PROPELLANT QUANTITY -
OXIDIZER display

RCS INDICATORS sw

C/M - A and B
S/M-A ,  B ,  C,  and D

MISSION ELAPSED TIME
c lock

PROPELLANT QUANTITY-
FUEL display

C/M RCS - PRESS - OX
ind icator

C/M RCS - PRESS - F
indicator

C/M RCS - PRESS - H,
indicator

C/M RCS - TEMP - H ,
i nd ica tor

SM6T-2-02
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Table  1 -15 .

Funct ion

Indicates temperature of
S/M RCS package A, B, C,
or D as se lec ted  by RCS
INDICATORS sw.

Indicates helium tank p res -
sure  of S /M  RCS package A,
B, C, or D as se lec ted  by
RCS INDICATORS sw

Indicates regulated  helium
manifold p ressu re  of S /M
RCS package A, B, C, or
D as se lec ted  by RCS -
INDICATORS sw.

Disp lays  digi ta l  readout  of
quantity remaining in
ox id i ze r  tank of S /M RCS
package A, B, C, or D as
se lec ted  by RCS INDICA-
TORS sw.

Connects inputs to p rope l -
lant temperature, p ressu re
and quantity indicating
devices.

C /M  and S /M  sect ion are
ident ica l  within the i r  r es -
pective systems.

Disp lays  miss ion e lapsed
time in 10 -hou r  increments
up to 400 hours.

D isp lays  d ig i ta l  readout of
quanti t ies remaining in fue l
tank of S /M  RCS package A,
B, C, or D as se lec ted  by
RCS INDICATORS sw.

Indicates regu la ted  he l ium
pressu re  p r i o r  to en te r ing
the ox i d i ze r  tank o f  the C/M
RCS sys tem A or B as
se lec ted  by the RCS
INDICATORS sw.

Indicates regu la ted  he l ium
pressu re  p r i o r  to entering
fuel tank of C /M  RCS sys-
tem A or B as se lec ted  by
RCS INDICATORS sw.

Indicates hel ium tank p res -
sure of C /M  RCS sys tem A
or B as se lec ted  by RCS
INDICATORS sw.

Indicates hel ium tank temp-
perature of C/M RCS -
system A or B as se lec ted
by RCS INDICATORS sw.

S/C Panel No. 12

I ns t ruc to r
Visibility Remarks

Repea te r  indicator

Repea te r  indicator

Repeater indicator

Readouts indicate propel lant quantity
in pounds .

Repeater  d isp lay

Pos i t ion  of SCM sw is ind icated by
l ighted lamp. However ,  I /O  may
read other  pa ramete rs  than those
se lec ted  by trainee by dep ress ing  any
momentary pushbutton l ight ,  The
ISCM indicator l ight  remains on but
the IOS se lec ted  pa ramete r  is d is -
played to the I /O.  SCM displays are
not a f fec ted.

Repea te r  sw-1t

(C /M  only) Indicator has two se t - knobs :  one
s ta r t s ,  s t ops ,  and rese t s  the c lock;
the o ther  se t s  the hour and minute
hands .

Readouts indicate propel lant quantity
in  pounds.

Repeater display

Repea te r  indicator [Indicators zero when RCS INDICATORS
sw is  in any S/M posi t ion.

Repea te r  indicator

Repea te r  indicator

Repea te r  indicator
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1 .3 .1 .12  S /C Panel  No. 13 ®

F igu re  1-23 i l l us t ra tes  the SCM equivalent  of S /C panel  No. 13 and i ts
assoc ia ted  IOS repea te r  pane l s .  The con t ro l s  and d isp lays  on th is  panel a re
assoc ia ted  with the communicat ions and inst rumentat ion,  e l ec t r i ca l  power
sys tem,  env i ronmenta l  cont ro l  s ys tem,  and cau t ion  and warn ing  sys tem
simulat ion.  |

Table 1 -16  def ines  the funct ion and ins t ruc to r  v is ib i l i t y  to the s ta tus  of
each of the cont ro ls  and displays.
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Table 1 -16 .  S/C Panel No.  13

Ins t ruc tor
Key Nomenclature Function Visibility Remarks

1 C/W sw

NORMAL Provides power to the sys-  | Repeater  1t NORMAL posi t ion to be used at a l l
tem status lt to enable t imes other than boost  phase or when
di rect  illumination of the 1t dark adaptation is required.
upon receipt  of malfunction
signals.

BOOST Disconnects power  f rom the| Repeater  1t BOOST posi t ion used during ascent
MASTER ALARM lt on S/C phase to preclude poss ib i l i ty  of
panel No. 3 preventing confusion between ABORT 1t and
illumination of lt upon MASTER ALARM 1t.
receipt  of malfunction
signal.

ACK P laces  the MASTER Repeater  1t ACK posi t ion  used to retain dark
ALARM sw function into 

| adaptation. With sw in ACK posi t ion,
sys tem status c ircui t ry p re  receipt  of malfunction s ignal  will
venting d i rect  illumination illuminate the MASTER ALARM and
of the status It upon receipt  MASTER WARNING 1t and initiate
of malfunction s igna ls .  audio a la rm.  To determine ma l -

function, MASTER ALARM sw-l1t i s
dep ressed  to i l luminate the appropriate
sys tem status l ight.  Light w i l l  remain
ON as long as sw-1t is he ld depressed ;
although, upon re l ease ,  malfunction
may be reca l l ed  by depress ing
MASTER ALARM sw-1t or p lac ing sw
to NORMAL,

2 Hy HEATERS sw

Sw 1

AUTO Enables automatic pressure] Repeater  it
sw to control  power to H2
tank 1 heater elements.

OFF Removes  power  f rom H2
tank 1 heater  elements.

ON Applies power direct ly to Repeater 1t
H ,  tank 1 heater  element. |

Sw 2

AUTO Enables automatic pressure] Repeater lt
sw to control power to H )
tank 2 heater  elements.

OFF Removes  power f rom H2
tank 2 heater elements.

ON Applies power directly to Repeater 1t
Hy tank 2 heater  elements.

3 O ,  HEATER sw

Sw 1

AUTO Enables automatic pressure] Repeater lt
sw to control  power to Op
tank 1 heater  elements.
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Table 1 -16 .  S/C Panel No.  13 (Cont)

Ins t ruc tor
Key Nomenclature Function Visibility Remarks

OFF Removes  power  f rom O3
tank 1 heater  e lements.

ON Appl ies power directly to Repeater 1t
O72 tank ]l hea ter  elements.

Sw 2

AUTO Enables automatic pressure| Repeater  1t
sw to control  O2 tank 2
heater  elements.

OFF Removes  power  f r om O2
tank 2 heater  elements.

ON Appl ies power direct ly to Repeater 1t
O ,  tank 2 heater  elements.

4 TANK PRESSURE
indicators

Hy - 1 Displays pressure of Hp Repeater
tank 1. indicator

Hy, - 2 Displays p ressu re  of Hy  Repeater
tank 2. indicator

Oz -1  D i sp lays  p ressu re  of  O )  Repeater
tank 1. indicator

Op - 2 Displays pressure  of Op Repeater
tank 2. indicator

5 Oz PRESS IND sw

TANK 1 Connects output of O02 Repeater  1t
tank 1 p ressu re  t ransducer
to O ,  TANK 1 PRESSURE
indicator

SURGE TANK Connects output of ECS Repeater It
surge tank p ressu re  t r ans -
ducer  to Op tank TANK 1
PRESSURE indicator.

6 | H,  FANS sw

Sw 1 Enables automatic pressure{ Repeater l t
AUTO sw to control  power to fan

motor in H2 tank 1.

OFF Removes  power f rom H j
tank 1 fan mo to rs .

ON Appl ies power directly to ‘Repeater  It
Hj  tank 1 fan mo to rs .



Key Nomenclature

Sw 2

AUTO

OFF

ON

7 TANK QUANTITY
indicators

Ho  -1

H ,  - 2

Oz -1

Os -2

8 O2 FANS sw

Sw 1

AUTO

OFF

ON

Sw 2

AUTO

OFF

ON

9 TEMP indicators

SUIT
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Table 1-16. S/C Panel No. 13 (Cont)

Function

Enables automatic p res -
sure sw to control  power
to circulating fan motors
of Hp tank 2,

Removes power f rom H j
tank 2 fan motors.

Appl ies power direct ly to
H j  tank 2 fan motors.

Displays quantity of H j
remaining in tank 1.

Displays quantity of Hp
remaining in tank 2.

Displays quantity of O?
remaining in tank 1.

Displays quantity of O2
remaining in tank 2.

Enables automatic p res -
sure sw to control power
to Op tank 1 fan motors.

Remove power f rom O2
tank 1 fan motors.

Applies power  directly to
O2 tank 1 fan motors.

Enables automatic p res -
sure sw to control power
to O j  tank 2 fan motors.

Removes power f rom O2
tank 2 fan motors.

Applies power di rect ly to
O,  tank 2 fan motors.

Provides temperature
readout of suit supply
manifold atmosphere.

Instructor
Visibility Remarks

Repeater 1t

Repeater 1t

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater 1t

Repeater it

Repeater 1t

Repeater 1t

Repeater
indicator

Normal operating range 45° to 55°F.
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Nomenclature

CABIN

PRESS ind icators

SUIT

CABIN

PART PRESS CO?
indicator

AP SUIT COMP
indicator

FLOW O j  indicator

GLY EVAP - TEMP OUT
ind icator

ECS RAD - TEMP OUT
indicator

CABIN TEMP - AUTO
thumbwheel

CABIN TEMP sw

AUTO

MAN

GLYCOL EVAP -TEMP
IN  sw

AUTO

Table 1-16. S/C Panel No. 13 (Cont)
I ns t r uc to r
VisibilityFunction

Prov ides  average  t emper -
ature readout of cabin
a tmosphere .

Prov ides p ressu re  readout
of suit c i rcu i t  a tmosphere
at demand regulator
sens ing  port.

Prov ides p ressu re  readout
of cabin atmosphere.

Prov ides par t ia l  p ressu re
readout of CO in suit
c i rcui t  atmosphere.

Prov ides  p ressu re
di f ferent ia l  readout be tween
suit compresso r  inlet and
outlet mani fo lds .

Prov ides  total rate-of- f low
reading of oxygen supplied
to ECS with exception of
PLSS SUPPLY VALVE.

Prov ides  temperature read-
out of water -g lyco l  at outlet
of water -g lyco l  evaporator.

Prov ides temperature  read-
out of water -g lyco l  returned
to C /M  f rom S /M space
rad ia to r .

Perm i t s  manual adjustment
of cab in  temperature auto-
mat ic contro l  unit.

Maintains cabin temper-
ature automatically to
setting of CABIN TEMP
thumbwheels.

Permi ts  manual con t ro l  of
cabin temperature us ing
CABIN TEMP thumbwheels.

Appl ies a - c  power  to
water -g lyco l  temperature
control  unit to auto-
matical ly regulate mixing
of hot and co ld  water -
glycol.

Repeater
- ind icator

Repeater
i nd ica to r

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repea te r
indicator

Repea te r
indicator

Repeater
indicator

Repeater
ind icator

Repeater  1t

Repeater  lt

Repeater 1t

Remarks

Norma l  operat ing range  50° to  70°F
during prelaunch and 70° to 80°F in
f l ight.

Normal operat ion ranges  a re  14.6 ps ia
during pre launch,  4.7 to 5. 3 psia in
normal f l ight ,  and 3. 75+0. 25 ps ia
during emergency  space flight.

Normal  operat ing ranges are 14.7 ps ia
during pre launch,  5. 0%0.2 ps ia during
normal flight, and 0. 0 ps ia  during
emergency space f l ight.

Normal operat ing range indicat ions
are 0.0 to 7. 6 mm Hg during p re -
launch and in f l ight.  Emergency
read ings range f rom 7. 6 to 15. 0 mm.
Hg.

Normal operat ing range indications
are 0. 56 ps i  during prelaunch and
0.35 to 0. 38 psia in  flight.

Normal O;  f low range f rom 0. 20 to
0.45 l b / h r  during prelaunch and in
flight.

Normal  operating range indications
are 40° to 50°F during prelaunch and
45x3°F  in f l ight.
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Nomencla ture

MAN

GLYCOL EVAP - BACK
PRESS sw

HEAT /COOL sw

HEAT

(Off)

COOL

AUTO/MAN sw

AUTO

GLYCOL EVAP - H,O0
FLOW sw

AUTO

(Off)

ON

H>0  IND sw

POT

WASTE

Table 1-16. S/C Panel No. 13 (Cont)
Ins t ruc to r

Function Visibility

Prov ides manual backup
operat ion of water -g lyco l
evaporator  tempera ture
control valve using
universal  T -handle tool.

Repeater  it

C loses  back-pressure
valve to decrease  water
evaporation ra te .

Repeater  1t

Remove power f rom back -
p ressu re  valve,

Opens back -p ressure  valve
to inc rease  water
evaporation rate.

Repeater  1t

Removes power f rom
GLYCOL EVAP - BACK
PRESS - HEAT /COOL sw;
appl ies power to back -
p ressu re  control  unit; auto-
matically regulates back
p ressu re  in  s team duct.

Repeater 1t

Provides manual operation
of back-pressure  control
valve ac tuator .

Repeater  1t

Applies power to wetness
control unit; automatically
regulates water inflow to
water -g lyco l  evaporator.

Repeater 1t

Removes power f rom
wetness  contro l  and water
control  va l ve .

Provides manual backup
for operating water control
valve.

Repeater 1t

Se lec ts  potable water tank Repeater sw-lt
quantity signal for display
on WATER QUANTITY
mete r .

Selects  waste tank quantity
s ignal  for display on
WATER QUANTITY meter.

Repeater sw-1t

Remarks

Switch is only functional when BACK
PRESS - AUTO/MAN sw is in MAN
position.

Instructor may monitor readings other
than that se lec ted  by t ra inee by
depressing momentary sw-l1t.
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Table 1-16. S/C Panel No. 13 (Cont)
Ins t ructor

Key Nomenclature Function Visibility Remarks

23 SUIT EVAP sw

AUTO Automatically regulates Repeater  1t
water inflow to suit
evaporator  when cool ing by
water  -g lyco l  is inadequate.

MAN Permi ts  manual control  of | Repeater  1t
water  inflow control valve
by use of un iversa l
T -handle tool.

24  WASTE H>0  TK  REFILL
sw

1 Appl ies power to solenoid Repeater It
valve of S /M  water tank 1
permit t ing water  flow to
ref i l l  C /M  water tanks.

OFF Removes power f rom
solenoid valves.

2 Appl ies power  to solenoid Repeater 1t
valve of S /M  water tank 2
permitt ing water flow to
refill C /M  water tanks.

H,0  ACCUM sw

25 | ON 1 /OFF /ON 2 sw

ON 1 Manual backup control for Repeater 1t
No. 1 cyc l ic  accumulator
valve permitt ing oxygen
f low d i rec t ly  to
accumulator.

OFF Removes power f rom
cycl ic  accumulator
solenoid  va lves .

ON 2 Manual backup control  for  Repeater 1t
No. 2 cyc l ic  accumulator
valve permitt ing oxygen
flow direct ly to
accumulator.

26 AUTO 1/MAN/AUTO 2 sw

AUTO 1 Appl ies  power  to No. 1 Repeater  1t
cyc l i c  accumulator control
unit to automatically t ime
and actuate accumulator
valve for 10 seconds every
10 minu tes .

MAN Prov ides manual control of | Repeater  It
No. 1 or No. 2 cycl ic
accumulator va l ves .
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30

31

32

34

35
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Nomenclature

AUTO 2

WATER - QUANTITY
indicator

GLY ACCUM -
QUANTITY indicator

VOLUME thumbwheel
cont ro l

INTERCOM BALANCE
thumbwheel control

VOX SENS thumbwheel
control

GLY  EVAP STEAM
PRESS indicator

PRESS GLY DISCH
ind icator

POWER sw

PTT

OFF

VOX

S-BAND sw

T/R

OFF

SMé6T-2-02
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Table 1-16. S/C Panel No. 13 (Cont)

Funct ion

Applies power to No. 2
cyc l ic  accumulator control
unit to automatically t ime
and actuate accumulator
valve for  10 seconds every
10 minutes.

Provides readout of waste
or potable water quantity
as se lec ted  by  H2O IND sw.

Provides readout  of wa te r -
glyco l  coolant in
accumulator .

Increases or decreases
audio s ignal  level to
earphones.

Adjusts level  of in tercom
signals in relat ion to
incoming RF s igna ls .

Adjusts the sensitivity of
the voice -operated re lay
in the audio center  module.

Provides a readout of
s team p ressu re  d ischarged
from water-~glycol
evaporator .

Prov ides a static readout
of water ~g lyco l  pump
discharge p ressu re .

Appl ies power to audio
center module.

Removes power f rom
audio center  module.

Appl ies power to audio
center  module and enables
VOX circuitry.

Enables astronaut 2 to
transmit  and receive over
S-band equipment when
operat ing in voice mode.

Removes  the audio input
f rom the S -band  sect ion
of  the audio cen te r .

I ns t ruc to r
Visibility Remarks

Repeater  1t

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater
ind icator

Repeater  1t VOX i s  disabled.

VOX i s  disabled.

Repeater It Depress ing  PTT pushbutton ove r -
r ides  VOX control  c i rcui t ry.

Repeater  1t



Key Nomenclature

REC

36 HF  sw

T /R

OFF

REC

37 VHF -AM sw

T /R

OFF

REC

38 INTERCOM sw

| T /R

OFF

REC

39 AL  2 1t (IOS only)

SM6T-2-02
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Table 1-16. S/C Panel No. 13 (Cont)

Funct ion

Enables the astronaut 2 t o
rece ive only f rom the
S-band equipment when
operat ing in the voice mode.

Enables astronaut  2 to
t ransmi t  and rece i ve  over
the HF  t r ansce i ve r  when
operat ing in the AM or
SSB mode.

Removes power f rom the
HF channel of the audio
cen te r .

Enables astronaut 2 to
rece i ve r  only over HF
t ransce iver .

Enab les  astronaut 2 t o
t ransmi t  and rece ive  over
VHF  -AM transmitter -~
r ece i ve r .

Removes power  from VHF-
AM channel of audio
cen te r .

Enables astronaut 2 t o
rece i ve  only over VHF -AM
transmitter - r ece i ve r :

Enables astronaut  2 to
t ransmi t  and r ece i ve  over
the intercom sys tem.

Removes audio center
f rom in tercom sys tem.

Enab les  astronaut 2 to
rece i ve  only over i n te r -
com sys tem.

Il lumination ind icates that
astronaut loop 2 is in  use.

I ns t r uc to r
Visibility Remarks

Repeater  1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater  1t

Operates in conjunction with conso le
communications sys tem AL  ta lk-
l i s ten keys.
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1 .3 ,1 .13  AGC Display and Keyboard.

F igure  I - 24  i l l us t ra tes  the SCM equiva lent  of  S /C  panel  No. 14, the AGC
disp lay  and keyboard, and. i ts  assoc ia ted  IOS repeater  pane ls ,  The contro ls and
d isp lays  on this pane l  are assoc ia ted  with the guidance and navigat ion sys tem
simulat ion,

Table 1-17 def ines the funct ion and ins t ruc tor  v is ib i l i ty  to the status of
each of the contro ls and d i sp lays .
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Figure 1-24. AGC Display and Keyboard Panel (Spacecraft Panel  No. 14)



Tab le  1 -17 .

Key Nomenclature

1 COMP FAIL 1t

2 KEY RLSE It

3 UPTL  sw

ACCEPT

BLOCK

4 BRIGHTNESS thumbwheel
cont ro l

5 KEY RLSE pushbutton
(P/B)

6 ERROR RESET P /B

7 ENTER P /B

8 NOUN P /B

9 VERB P /B

10 CLEAR P /B

11 ¢ through 9 P /B

12 REGISTER display

13 VERB display
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AGC Display and Keyboard Panel (S/C Panel No. 14)

Function

When on ,  indicates AGC
has fa i led .

Indicates that internal
computer  p rog ram has
attempted to use verb-noun
subroutine and has found
keyboard and display busy.

Allows AGC to accept data
rece ived  on up-link.

Prohibits AGC f rom
accept ing up-link
information.

Controls AGC DSKY 1t
intensity.

Re leases  reg i s te r s  1, 2,
and 3 f rom displaying key -
boa rd  data and al lows
display of p rog ram data.

Causes l ighted computer
a larm display to go out.

Causes  data o r  noun/verb
command to  be  entered in
computer.

Prepares  computer to
accept  noun code.

Prepares  computer to
accept  verb  code.

Allows erasure of
er roneous number keyed
during data loading.

P laces  in computer,  binary
equivalent of octal or
decimal digits shown.

Display se lec ted  source
data or component of
multicomponent data.

Indicates two-digi t  display
indicating characters of
verb code selected.

I ns t ruc to r
Visibility

Repeater  1t

Repeater  1t

Repeater 1t

Repeater 1t

Repeater
ind icator

Repeater 1t

Repeater 1t

Repeater  1t

Repeater i t

Repeater  1t

Repeater  i t

Repeater  1t

Repeater It

Repeater
display

Remarks

Upper half  of these two indicators
repea ts  SCM UPTL  sw  pos i t i on .
Lower halves are actuated under
p rog ram control and indicate functional
status of AMS with respec t  to block
up- l ink function.

In event that keyboard is fa i led or
AGC is off, keyboard repeats wi l l
st i l l  be p resen t  at IOS but KEYBOARD
ACTIVE light w i l l  not be on. (A lso
applies to 6, 7, 8, 9, 10, and 11.)

In event of s imulated e l ec t ro -
luminescent lamp fa i lure,  IOS
repeaters wil l continue to display
commanded AGC characters.

Same as 12.
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14

15

16

17

18

Table 1 -17 .

Nomenclature

NOUN display

ACTIVITY 1t

UPTL

COMP

PROGRAM display

Spare

KEYBOARD ACTIVE
(IOS only)

SM6T-2-02

Function

Indicates two-digi t  display
indicating characters  of
noun code se lec ted .

Indicates activity in which
computer is p resent ly
engaged.

Indicates computer is
rece iv ing  up- te lemetry
data.

Indicates computer is
engaged in computation.

Indicates number (dec imal)
of p rog ram present ly  in
progress.

Indicates that keyboard
entry is in  progress,
imminent, o r  required.

I ns t ruc to r
Visibility

Repeater
display

UPTL  repeater
1t

Repeater  1t

Repeater

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

AGC Display and Keyboard Panel (S/C Panel No. 14) (Cont)

Remarks

Same as 12.

Same as 12.

Cues I/O that keyboard entr ies are
being made or are expected.
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1 .3 .1 .14  S/C Panel No. 15,

Figure 1-25 i l lus t ra tes  the SCM equivalent of S/C panel No. 15 and its
assoc ia ted  IOS repea te r  pane l .  The con t ro l s  and d i sp lays  on th is  panel  a re
assoc ia ted  with the reac t i on  control  sys tem s imula t ion.

Table 1-18 def ines the funct ion and ins t ruc to r  v is ib i l i ty  to the status of
each of the cont ro ls  and displays.
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Figure 1-25. React ion Control  System Panel (Spacecraft Panel No. 15)
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Table 1 -18 .  React ion  Contro l  System Panel  (S /C Panel No.  15)

Nomenclature

1 QTY GAUGING-POWER sw

2

3

ON

OFF

QTY GAUGING - TEST sw

TEST

OFF

S/M RCS - HELIUM
No.  1 sw

1 -102

ON

(Cen te r )

OFF

Event indicator f lags
(C/M only)

S/M '  RCS HELIUM NO. 2
(A, B, C, D) sw
Event indicator f lags
(C /M  only)

PROPELLANT sw

A (B, C, D)

ON

(Center )

OFF

Function

Appl ies power to propellant
quantity gaging sys tem.

Removes power f rom p ro -
pellant quantity gaging
sys tem,

Rese ts  quantity sensing
circuitry.

Starts t es t  mode .

Four identical sw each
controll ing two hel ium
isolat ion valves for one
side of para l le l  p ressu r i -
zation sys tem.

Actuates hel ium isolat ion
va lves  to open position.

Removes  so leno id
actuation power.

Actuates hel ium isolation
valve to c l osed  posi t ion.

Indicates position of He 1
va lves .

Function identical to  He  1
sw fo r  2 path.

Indicates posit ion of He 2
valves.

Four ident ica l  sw :  each
controll ing two shutoff
valves ( fuel ,  oxidizer).

Actuates propellant shutoff
valves in respect ive system
to open posi t ion.

Removes  so leno id
excitation power.

Actuates propellant shutoff
valves in respect ive sys-
tems to c l osed  posi t ion.

I ns t r uc to r
Visibility

Repeater  it

Repeater 1t

Repeater  1t

Repeater It

Reduced o r
i nc reased
intensi ty of
related IOS
sw~repeater  1t

Repeater 1t

Reduced or
i nc reased
intensity of
re la ted  IOS
sw-repeater  1t

Repeater It

Repeater 1t

Remarks

Striped-l ine display indicates c losed
condition of valve. Monitored at 10S
by reduced intensity of repeater OFF
1t.

Same as 4.



Table 1 -18 .

Key Nomenclature

8 Event indicator f lags
(C /M  only)

9 Event indicator  f lags
(C /M  only)

10 PROPELLANT sw

ON

(Center)

OFF

11 Event indicator  f lags
(C /M  only)

12 C /M  RCS HELIUM sw

ON

(Center)

OFF

SMéT-2-02

Function

Indicates pos i t ion  of p ro -
pel lant shutoff va l ves .

Indicates posi t ion of p ro -
pel lant shutoff valves.

Two functionally ident ical
sw: each controll ing two
propel lant shutoff valves in
respec t i ve  systems. |

Opens two propellant shut-
off va lves in respect ive
sys tem.

Removes actuation power.

Closes  two propellant shut-
off valves in respect ive
sys tem.

Indicates posi t ion of He
iso la t ion  valve.

Two  ident ica l  sw which
contro l  activation of two
each  he l ium iso la t ion
va l ves .

Actuates two hel ium
isolat ion valves to open
posi t ion in respect ive
sys tem.

Removes valve actuating
power .

C loses  two helium
isolat ion valves in
respect ive system.

I ns t ruc to r
Visibility

Repeater 1t

Repeater 1t

‘Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater lt

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

React ion Control  System Panel (S/C Panel No. 15) (Cont)

Remarks

Same as 4.

Same as 4.

Same  as 4.
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1 .3 .1 .15  S/C Panel  No.  16. | ®

Figure  1-26  i l lust rates the SCM equivalent  of S /C panel  No.  16 and i t s
assoc ia ted  IOS repea te r  panel.  The  con t ro ls  on this panel  are  assoc ia ted  with
the sequence  cont ro l  g roup  and reac t i on  cont ro l  sys tem simulat ion.

Table 1-19 def ines the function and instructor  v is ib i l i t y  to the set t ing  of
each of the contro ls.
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Nomenc la tu re

ABORT SYSTEM

OX DUMP sw

AUTO

RCS CMD AUTO

2 ENG OUT sw

AUTO

OFF

L /V  RATES sw

AUTO

OFF

LES MODE/TWR JETT
SPS MODE sw

LES MODE

TWR JETT SPS MODE

EDS sw

AUTO

OFF

SM6T-2-02
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Table 1-19.

Function

Enables circuitry through
42 -second  t imer to auto-
matically dump the C /M
RCS oxidizer during a pad
or low-altitude abort.

Disab les  the auto oxidizer
dump and a l lows  the G&N,
SCS sys tem to contro l  the
C/M RCS during descent
f rom a medium-al t i tude,
high-altitude and/or SPS
abort.

Enables emergency
detection system ci rcui t ry
for two-engine-out (below
90 percent  thrust)  auto-
matic abort capability.

Disables two-engine  ~out
automatic abort c i rcui try.

Enables emergency
detect ion system for launch
vehic le excess ive  ra tes
(pitch, ro l l ,  or yaw) auto-
matic abort capability.

Disab les  launch veh ic le
excess i ve  ra tes  automatic
abort circuitry.

Enables circuitry for  using
launch escape system
during abort.

Jettisons the launch
escape tower and a rms  the
adapter separation
circuitry.

Prepares the L /V -EDS
automatic abort c ircui try
for automatic enabling at
l i f t - off.

Disable a l l  automatic
abort capabilities.

S/C Panel No. 16

I ns t r uc to r
Visibility

Repeater  1t

Repeater  1t

Repeater it

Repeater  1t

Repeater 1t

Repeater 1t

Repeater 1t

Remarks

The  42 -second  t imer s tar ts  at  l i f t-off ;
auto dump capability is d isabled after
42 seconds .

OX DUMP sw is p laced to RCS CMD
AUTO posit ion 42 seconds after
l i f t - off.

After launch escape tower jettison,
all  aborts must be manually initiated
and made in SPS mode.
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Table 1 -19 .  S/C Panel No.  16 (Cont)

Ins t ruc tor
Key Nomenclature Function Visibility Remarks

6 C /M-S /M  SEP sw Initiates C /M-S /M  Repeater  1t
separat ion,  C /M  RCS
p ressu r i za t i on ,  activates
S/M cont ro l le r ,  and
t r ans fe r s  SCS contro l  ou t -
out f r om S /M  RCS to C /M
RCS.

REACTION CONTROL SYS

7 TRANS sw

C/M Connects jet se lec t ion Repeater  1t Switch prov ides manual backup for
control  c i rcu i t ry  to C /M  automatic t rans fe r .  A lso  switches
RCS engines. entry batteries onto main d-c buses

and d isables translational hand
(Center )  Normal posi t ion  provides control ler  in C /M  posi t ion.

automatic t ransfer  to
proper RCS engines,

S/M Connects jet select ion Repeater it
| control  c i rcui t ry to S /M

RCS engines.

8 C /M  PRESS. sw Prov ides manual backup Repeater  1t
for  automatic C /M  RCS
sys tem pressurization.

9 MAIN CHUTE RELEASE Re leases  the main landing Repeater 1t
8W parachutes f rom C /M

after landing.

10 REACTION CONTROL SYS
CMD sw

ON Prov ides manual backup Repeater 1t
f o r  connect ing SCS t o  RCS
jet se lec t ion  logic.

(Center) Normal operating posit ion
enabling automatic swi tch-
ing of RCS jet se lec t ion
logic  to SCS.

OFF Provides manual backup Repeater 1t
for disconnecting SCS from
RCS jet se lec t ion  logic.
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S/C Panel  No.  17.

F igure  1-27 i l l us t ra tes  the SCM equivalent  of S /C panel  Ne. 17, the
HF antenna contro l  panel,  and its associated  IOS repea te r  panel .  The control
on  th is pane l  i s  assoc ia ted  with the communica t ions  and ins t rumenta t ion  sys tem
simulation.

Table 1-20 def ines the function and i ns t r uc to r  v is ib i l i t y  to the switch
set t ing.
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1

Nomenc la tu re

HF  ANTENNA se lec to r  sw

RECOVERY

ORBITAL

SM6T-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK
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i r l

1
/

A
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\ /

F/C SADPH HI TEMP LOW

Figure 1 -27 ,  Spacecraft Panel No.  17

Table 1 -20 .  S/C Panel No.  17

Function

Selec ts  HF  recovery
antenna.

Se lec t s  HF  orbital antenna
on  the S /M .

Ins t ruc to r
Visibility

Repeater  1t

Repeater 1t

SM-6T-2-02-354

Remarks
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SM-6T-2-02-1388

Figure  1 -28 .  E lec t r i ca l  Power  System Panel (Spacecra f t  Panel  No .  18)
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® 1 .3 .1 .17  S/C Panel  No.  18.

F igure  1 -28  i l l u s t r a tes  the SCM equivalent  of S /C panel  No. 18 and i t s
assoc ia ted  IOS repea te r  pane l s .  The con t ro l s  and d i sp lays  on th is pane l  a re
assoc ia ted  with the e lec t r i ca l  power sys tem and caut ion and warning sys tem
simulation.

Table 1 -21  def ines the funct ion and ins t ruc to r  v is ib i l i t y  to the status of
each of the contro ls  and displays.



Key

4

5
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Table 1-21.

Nomenclature

PH HI  event indicator

F /C  RAD TEMP LOW
event indicator

FUEL CELL  - FLOW
indicators

H,

O32

FUEL  CELL - MODULE
TEMP indicators

SKIN

COND EXH

REG OUT PRESS H I
event indicators

H,

O2

SMé6T-2-02
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Electr ical  Power System Panel (S/C Panel No. 18)

Function

Str iped- l ine display indi-
cates pH factor  of potable
water f rom se lec ted  fuel
ce l l  i s  over  9. 5; g ray
display indicates normal
pH factor.

Str iped- l ine display indi-
cates se lec ted  fuel cel l
radiator temperature is

[ below -30°F ,

Indicates f low rate of H j
into se lec ted  fuel ce l l .

Indicates flow rate of O2
into se lec ted  fuel cell.

Indicates skin temperature
of se lec ted  fuel cell.

Indicates temperature of
se lec ted  fuel  ce l l  condenser
exhaust

Striped-l ine display indi-
cates H2 regulator output
p ressu re  exceeds 75 ps ia
on se lec ted  fuel ce l l ;  gray
display indicates normal
pressure.

Str iped- l ine display indi-
cates Oy regulator output
p ressu re  exceeds 75 ps ia
on se lec ted  fuel ce l l ;  gray
display indicates normal
pressure.

Str iped- l ine d isplay ind i -
cates output p ressu re  of
N ,  regulator exceeds 70
psia on se lec ted  fuel cell;
gray d isp lay indicates
normal p ressu re .

I ns t ruc to r
Visibility

Repeater It

Repeater 1t

Repeater
indicator

Repeater
indicator

Repeater
. indicator

Repeater
indicator

Repeater 1t

Repeater 1t

Repeater  1t

Remarks

Fuel ce l l  to  be  moni tored i s  se l ec ted
by  FUEL  CELL  INDICATORS sw.

Glycol  operating range is -50° to
+300°F .  Fuel ce l l  to be monitored is
se lec ted  by FUEL CELL  INDICATORS
sw .

Normal flow is 0 .036 to 0. 090 1b /h r .
Alarm l imits are 0 .036 l b /h r  ( lower )
and 0. 163 l b /h r  (upper).

Norma l  f low is  0. 284 to  0. 72 lb/hr.
Alarm limits are 0 .284 lb /h r  ( lower)
or 1 .304 lb /hr  (upper).

Normal indicator  i s  385°  t o  425°F.
Alarm limits are 385°F ( lower)  and
500°F  (upper).

Operating range is 155° to 170°F ,
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Table 1-21. E lec t r i ca l  Power System Panel (S/C Panel No. 18) (Cont)

Key Nomenclature

6 | FUEL CELL INDICATORS
ro tary  sw

7 MASTER ALARM sw-1t

8 BATTERY CHARGER
ro tary  sw

| AC INVERTER

Sw 2

MNB

OFF

MNA

OFF

MNB

10 AC BUS 1 sw (Group)

Sw 1

ON

OFF

Funct ion

Se lec t s  des i r ed  fuel  ce l l  t o
be moni tored by display
i nd i ca to r s .

I l luminat ion of i t  i nd ica tes
a malfunction o r  ou t -o f -
t o l e rance  cond i t ion  as
indicated by i l lumination of
appl icable sys tem status It
on pane ls  No. 10 and /o r
No. 11.

Energ izes  battery charger
and se lec t s  bat tery  to be
charged.

Applies d-c power to a-c
inver ter  1.

Disconnects d-¢  power f rom
a-c  inverter 1.

Applies d-c power to a-c
inverter  2.

Disconnects d-c power from
a-c inverter 2,

Applies d-c power f rom
MAIN bus A to  a - c
inverter  3.

D i sconnec t s  d -c  power f r om
inver ter  3.

Appl ies d-c  power f rom
main bus  B to  a - c
inve r te r  3.

Applies a-c output of
inverter 1 to a-c  bus 1.

Disconnects a-c output of
inverter  1 f rom a-c bus 1.

I ns t r uc to r
Visibil ity

Repeater  sw - l t

Repeater It

Repeater It

Repeater  1t

Repeater 1t

Repeater  1t

Repeater 1t

Repeater 1t

Remarks

Selected SCM posi t ion  of sw is indicated
at IOS. Howeve r ,  I /O  may,  by depres-
sing any unlighted P /B  assoc ia ted  with
sw, read  other pa ramete rs .  SCM
disp lays are not af fected by I /O  act ion.

Il lumination of It  is accompanied by
audio tone i neachheadse t .  Dep ress ing
sw rese t s  a la rm c i rcu i t ry  which
extinguishes MASTER ALARM and
MASTER WARNING 1t and s i lences
audio tone.

Application of d-c power to selected
inverter is accomplished by motor -
dr iven sw controlled by AC INVERTER
SW.
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Table 1-21. Electr ical  Power System Panel (S/C Panel No. 18) (Cont)

Key Nomenclature

Sw 2

ON

OFF

Sw 3

ON

OFF

11 RESET - OFF sw

RESET

(Cen te r )

OFF

12 AC BUS 2 sw (Group)

Sw 1

ON

OFF

Sw 2

ON

OFF

Sw3

ON

OFF

13 AC VOLTS meter

1 -114

Function

Applies a-c output of
inverter  2 to  a - c  bus 1.

Disconnects a-c output of
inverter 2 f r om a -c  bus 1.

Appl ies a-c  output of
inverter 3 to a~-c bus 1.

Disconnect a-c output of
inverter 3 f rom a-c bus 1.

Rese ts  a-c  bus 1 ove r -
undervoltage and over-
load sens ing  unit.

Energ ized a-c  bus 1 ove r -
undervol tage and ove r -
load sens ing  unit.

Disconnects a - c  bus 1
over  -~undervoltage and
over load sens ing  unit f r om
sys tem.

Applies a-c output of
inverter 1 to  a - c  bus 2,

Disconnects a-c output of
inverter 1 f rom a-c bus 2,

Applies a-c  output of
inver ter  2 to a-c bus 2.

Disconnects a-c output of
i nver te r  2 f r om a -c  bus  2 .

Applies a -c  output of
inverter 3 to  a - c  bus  2.

Disconnects a-c output of
inverter 3 f r om a -c  bus 2.

Indicates a-c voltage of
se lec ted  source  and phase,

Instructor
Visibility

Repeater  1t

Repeater It

Repeater  1t

ON repeater  l t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  meter

Remarks

Resett ing sensing unit extinguishes
AC BUS 1 FAIL and AC BUS 1
OVER -LOAD caution and warning '1t
when failure occurs.

Meter used  in  conjunction with AC
INDICATORS sw.



Key

14

15

16

17

18

19

20

21

Table 1-21.

Nomenc la tu re

RESET - OFF sw

RESET

(Center )

OFF

FREQUENCY meter

AC INDICATORS rotary
SW

DC AMPS meter

DC INDICATORS rotary
SW

DC VOLTS meter

Event indicators (C /M
only)

MAIN BUS B sw (group)

Sw 1

ON

(Cen te r )

OFF

SM6T-2-02
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Funct ion

Rese ts  a-c  bus 2 ove r -
undervoltage and over load
sens ing  unit.

Energ i zes  a-c  bus 2 ove r -
undervol tage and overload
sens ing  unit.

Disconnects  a-c  bus 2
over -undervoltage and
over load sensing  unit f rom
the sys tem.

Indicates f requency of
se lec ted  sou rce  and phase.

Prov ides means for
monitoring 3 -phase
voltage and f requency of
a-c  i nve r te rs .

Indicates d - c  current  of
se lec ted  sou rce ,  unit, o r
bus .

Selects power sou rce ,  bus,
o r  unit t o  be  monitored by
DC VOLTS and DC AMPS
mete r .

Indicates d-c voltage of
se lec ted  sou rce ,  unit, o r
bus .

Indicates whether o r  not
fuel ce l l  output is con-
nec ted  to  main bus B ;
str iped l ine indicates fuel
ce l l  d i sconnec ted  f rom
bus; gray display indicates
fuel ce l l  connected to  bus .

Appl ies output of fuel ce l l  1
to d~-c main bus B.

Connects C&W alarm and
F /C  BUS DISCONNECT 1t
t o  fuel  ce l l  1 contro l
switching.

Removes output of fuel
ce l l  1 f rom d-c main bus B.

I ns t r uc to r
Visibility

Repeater  1t

ON repeater 1t

Repeater  meter

Repeater  sw-l1t

Repeater  mete r

Repeater sw-1t

Repea te r  me te r

Reduced  intensity
of re lated OFF 1t
indicates fuel ce l l
disconnected
f rom bus.

Repeater 1t

Repeater it

Electr ica l  Power System Panel (S/C Panel No. 18) (Cont)

Remarks

Reset t ing  sens ing  unit also extinguishes
AC BUS 2 FAIL and AC BUS 2
OVERLOAD caution and warning 1t
when fai lure occu rs .

Meter used in conjunction with AC
INDICATORS sw.

Same as 6. Operating range for
3 -phase  a-c voltage is 115+2 vac at
393 to 407 cps.

Meter  used  in  conjunction with DC
INDICATORS sw.

Same as 6.

Meter  used in conjunction with DC
INDICATORS sw.
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Table 1 -21 .

Key Nomenclature

Sw 2

ON

(Center)

QFF

Sw3

ON

(Center)

22 RESET - OFF sw

RESET

(Center )

OFF

23 Event indicators (C /M
only)

24 | MAIN BUS A sw (group)

Sw 1

ON

(Center )

1-116
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Function

Applies output of fuel cel l  2
to d~c main bus B.

Connects C&W a larm and
F /C  BUS DISCONNECT 1t
to fuel ce l l  2 control
switching.

Removes output of fuel
cel l  2 f rom d-c main bus B,

Appl ies output of fuel ce l l  3
to d-c main bus B.

Connect C&W alarm and
F /C  BUS DISCONNECT 1t
t o  fuel ce l l  3 con t ro l
switching.

Removes output of fuel
ce l l  3 f rom d-c main bus B.

Rese t  d-c¢c main bus B
undervoltage sens ing  unit.

Connects MN BUS B
UNDERVOLT it to  d - c
bus A undervoltage sensing
c i r cu i t .

Disconnects MN BUS B
UNDERVOLT lt f r om d -c
bus B undervoltage sens ing
circui t .  |

Ind icates whether  o r  not a
fuel ce l l  i s  connected to
main bus A. Str iped line
d isp lay  ind ica tes  fuel ce l l
d i sconnec ted  f rom bus;
gray d isplay indicates fuel
ce l l  connected  to bus.

Applies output of fuel ce l l  1
to  main bus A.

Connects C&W alarm and
F /C  BUS DISCONNECT 1t
to fuel ce l l  1 control
switching.

Electr ical  Power System Panel (S/C Panel No. 18) (Cont)
I ns t r uc to r
Visibility Remarks

Repeater  1t

Repeater 1t

Repeater 1t

Repeater  1t

Repeater It

ON repeater  1t

Reduced  intensity
of re la ted OFF it
i nd ica tes  fuel  ce l l
disconnected.

Repeater 1t



~ .

C

Key

25

26

27

Sw

Sw
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Table 1 -21 .

Nomenclature

OFF

2

ON

(Cen te r )

OFF

3

ON

(Center)

OFF

RESET - OFF  sw

RESET

(Center )

OFF

Event
only)

FUEL  CELL  -REACTANTS

indicators (C /M

sw (group)

Sw 1

ON

(Center )

SMé6T=-2-02

Funct ion

Removes  output of fuel
ce l l  1 f r om main bus A .

Appl ies output of fuel
ce l l  2 to main bus A.

Connects C&W a larm and
F /C  BUS DISCONNECT 1t
to fuel ce l l  2 control
switching.

Disconnect  output of fuel
ce l l  2 f rom main bus A .

Appl ies output of fuel
ce l l  3 to main bus A.

Connects C&W a larm and
F /C  BUS DISCONNECT 1t
t o  fuel  ce l l  3 cont ro l
switching.

Removes output of fuel
cel l  3 f rom main bus A.

Rese ts  main bus A under -
voltage sens ing  unit.

Connects MN BUS A
UNDERVOLT 1t to under-
voltage sens ing  unit.

D isconnects  MN BUS A
UNDERVOLT 1t f rom
undervoltage sens ing
circuit.

Str iped- l ine display indi-
cates O2 shutoff valves on
fuel ce l l s  are c l osed ;  gray
display indicates valves
open.

Connects power to fuel
ce l l  1 Hy and O ;  valves
driving valves open.

Normal operating posi t ion
which maintains valves in
last  se lec ted  posit ion.

Electr ica l  Power System Panel (S/C Panel No. 18) (Cont)

I ns t r uc to r
Visibility

Repeater  1t

Repeater It

Repeater  I t

Repeater  1t

Repeater 1t

Repeater  It

ON repeater It

Reduced  intensity
on  re la ted  OFF  1t
ind ica tes  va lves
c losed .

Repeater  It
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Table 1-21. Electrical Power System Panel (S/C Panel No. 18) (Cont)

Key Nomenclature

OFF

Sw 2

ON

(Center)

OFF

Sw 3

ON

(Center)

OFF

28 | FUEL CELL  - H, /0 ;
PURGE sw (group)

Sw 1

H,  PURGE

OFF

Oo, PURGE

Sw 2

H,  PURGE

OFF

O,  PURGE

1-118

Funct ion

Connects power to fuel
ce l l  1 Hy, and O,  valves
driving valves closed.

Connects power to fuel
ce l l  2 Hy and O j  driving
valves open.

Normal operating posit ion
which maintains valves in
last  se lec ted  position.

Connects power to fuel
cel l  2 Hy and Oy valves
driving valves c losed.

Connects power to fuel
ce l l  3 Hp and O;  valves
driving valves open.

Normal operating posit ion
which maintains valves in
last  se lec ted  posi t ion.

Connects power to fuel
ce l l  3 Hy and Op va lves
driving valves closed.

Opens fuel ce l l  1 purge
valve purging impurit ies
from H j  electrodes.

Removes power f rom
purge valve c los ing  valve.

Open purge valve on fuel
ce l l  1 purging impurities
f rom O j  electrode.

Opens fuel ce l l  2 purge
valve purging impurities
f rom H ,  electrodes.

Removes  power  f r om
purge valve c los ing  valve.

Open fuel ce l l  2 purge
valve purging impurities
from O;  electrodes.

I ns t ruc to r
Visibility

Repeater it

Repeater 1t

Repeater 1t

Repeater lt

Repeater  1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater  1t

Remarks

When purge is  executed, C&W a la rm
system is activated due to abnormal
flow rate of reactants in se lected  fuel
cell.
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Table 1-21. Electr ica l  Power System Panel (S/C Panel No. 18) (Cont)
Ins t ruc tor

Key Nomenclature Function Visibility Remarks

Sw 3

H ,  PURGE Opens fuel ce l l  3 purge Repeater 1t
valve purging impurit ies
f rom H ,  electrodes.

OFF Removes power f rom
purge  va l ve ,  c l os i ng  valve.

O,  PURGE Opens fuel  ce l l  3 purge Repeater  1t
valve purging impur i t ies
from O;  electrodes.
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S/C Pane l  No. 19.

F igure  1-29 i l lus t ra tes  the SCM equivalent  of S /C panel  No. 19 and i ts
assoc ia ted  IOS repea te r  pane l .  The cont ro l  and d i sp lay  on this pane l  are
assoc ia ted  with the communicat ions and inst rumentat ion sys tem s imula t ion ,

Table 1-22 def ines the funct ion and i ns t ruc to r  v i s ib i l i t y  to the s ta tus of
the contro l  and display on this panel.
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SM=-6T-2-02-1398

F igu re  1 -29 ,  ‘Antenna Control  Sys tem Panel  (Spacecraf t  Panel No.  19)

Table 1 -22 .  Antenna Contro l  Sys tem Panel  (S /C  Panel No.  19)

Key Nomenclature Function

Displays magnitude of
rece ived  USBE-AGC signal .

1 S-BAND ANT meter

2 FLIGHT QUAL RCDR sw

RECORD Act ivates flight qual i f icat ion
r eco rde r  to r eco rd  flight
qualif ication instrumenta-
tion data.

STOP Deactivates flight qualifica-
tion recorder,

REWIND Activates flight qualification
r eco rde r  i n  r eve rse  d i r ec -
t ion to rewind tape.

Repea te r  1t

I ns t ruc to r
Visibility Remarks

Repeater  me te r

Flight qualification recorder  not
included in AMS configuration.

Repeater 1t

Repeater  1t
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Figure 1-30. Communicat ions Contro l  Subpanel (Spacecraf t  Panel No. 20)
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o 1 .3 .1 .19  S/C Panel  No.  20,

Figures  1-30 and 1-31 i l lus t rate the SCM equivalent of S/C panel No. 20
and i ts  assoc ia ted  IOS repea te r  pane l s .  The cont ro ls  on th is  panel  are asso -
c i a ted  with the communicat ion,  ins t rumentat ion,  and the se rv i ce  p ropu l s i on
sys tem s imula t ion .

Tables 1-23 and 1-24 define the function and ins t ruc tor  v is ib i l i ty  to the
set t ing of each of the controls.
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Table 1 -23 .

Key Nomenclature

1 S-BAND sw  XPONDER -
OFF - XPONDER PWR
AMPL sw

XPONDER

OFF

XPONDER PWR AMPL

2 PWR AMPL sw

HIGH

LOW

3 OSC sw

PRIM

SEC

4 VOICE

RNG - RNG ONLY sw

RNG

OFF

RNG ONLY

5 VOICE

TAPE - ANALOG sw

TAPE

OFF

ANALOG

1-124
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Communications Control  Subpanel (S/C Panel No. 20)

Funct ion

Activates USBE trans-
ponder and appl ies power
to S-BAND ANTENNA sw.

Removes power from t rans-
ponder ;  removes power
from S-BAND ANTENNA
SW.

Activates USBE transponder,
appl ies power to S-BAND
PA and S-BAND ANTENNA
8W,

Selects 20-watt output mode
of S-BAND PA,

Selects  5-watt output mode
of S-BAND PA,

Selects primary osci l lator
for use with USBE trans-
mitter.

Selects secondary oscillator
for use with USBE trans-
mitter,

Selects ranging, PCM
telemetry, and voice modes
in PMP,

None.

Selects voice mode in  PMP;
selects ranging and PM
modes in  USBE,

Selects tape, voice, and
PCM telemetry modes in
PMP; se lec ts  FM mode in
USBE

None.

Selects  real t ime analog
data, voice,  and PCM
telemetry in PMP;  selects
FM mode in USBE,

I ns t r uc to r
Visibility

Repeater  1t

Repeater 1t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  1t

‘Repeater  1t

Repeater 1t

Repeater  1t

Repeater 1t

Remarks

Power output is 200 milliwatts in this
mode .

Power output in  this mode governed
by posit ion of PWR AMPL sw.

PWR AMPL is effective only when
XPONDER - OFF XPONDER PWR
AMPL sw is in  XPONDER PWR
AMPL position.
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~ Table 1-23. Communications Control  Subpanel (S/C Panel No. 20) (Cont)

Ins t ruc tor
Key Nomenc la ture  Funct ion Visibility Remarks

6 VOICE

TV/PLSS sw

TV Selects TV,  vo ice ,  and PCM Repeater  1t

OFF

7 EMERG - VOICE/KEY sw

VOICE

KEY

8 UP-DATA sw

S-BAND

UHF

9 S-BAND ANTENNA sw

AUTO

UPPER

LOWER

10 VHF ANTENNA sw

UPPER

LOWER

RECOVERY

te lemetry modes in PMP;
selects FM mode in USBE,

None.

Selec ts  voice, PCM,  and
EVA te lemetry  modes in
PMP; se lects  FM mode in
USBE,

Se lec ts  emergency FM
mode in  USBE transponder;
se lec ts  emergency voice
mode in PMP,

Selects  no mode .

Se lec ts  PM mode in USBE
transponder; se lec t s  emer -
gency key mode in PMP,

Enables up-data link equip-
ment ;  se lec ts  S-band
rece ive r  for  up-data .

recep t ion ,

D isab les  up-data l ink
equipment,

Enables up-data link equip-
ment; se lects  UHF
r ece i ve r  for up-data
recept ion,

Permi t s  automatic se lec -
t ion  of  SC IN  antenna for
use by USBE,

Selec ts  -Z SCIN antenna
for use by USBE,

Se lec t s  +Z SCIN  antenna
for use by USBE,

Selects SCIN antenna on

Se lec t s  SC IN  antenna on
2 -axis .

Selects VHF recovery
antenna No ,  2

Repeater 1t

Repeater 1t

Repeater 1t

Repeater  1t

Repeater  I t

Repeater  1t

Repea te r  1t

Repea te r  1t

Repea te r  1t

Repeater 1t

Repeater 1t
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11

12

13

14

15

16
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Table 1-23.

Nomenclature

TLM IMPUTS sw

BIOMED sw

1

ANALOG sw

1

PCM sw

HIGH

LOW

POWER sw

PMP sw

ON

OFF

SCE sw

ON

OFF

TAPE RECORDER sw

FWD/REV sw

FWD

(Center )

SMéT-2-02

Function

Selects hardline biomedical
data f rom commander for
PCM transmission via
S-band.

Selects  hardline biomedical
data from navigator for
PCM transmission via
S-band

Selec ts  hardline biomedical
data from engineer for
PCM transmission via
S-band.

Se lec t s  analog 1 data mode
in PMP,

Selects analog 2 data mode
in PMP,

Selects normal PCM TLM
data mode rate (51. 2kbps )
in PCM equipment; se lec ts
h igh-speed  assurance mode
of DSE,

Selects  narrow band PCM
TLM data mode (1. 6 kbps)
i n  PCM equipment; se lec ts
l ow-speed  assurance mode
i n  DSE.,

Applies power to PMP,

Disconnects power from
PMP,

Appl ies power to SCE,

Disconnects power from
SCE.

Applies power to dr ive tape
transport in  forward
direction.

Appl ies power to recorder
which holds tape transport.
stationary.

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Communications Cont ro l  Subpanel (S /C Panel No.  20) (Cont)

I ns t r uc to r
Visibility Remarks

Repeater  1t

Repeater  1t

Repeater 1t

Repeater lt

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  1t
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17

18

19

20

21

22
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Table 1 -23 .  Communicat ions Contro l  Subpanel (S/C Panel No.  20) (Con t )

Nomenclature

REV

RECORD - PLAY sw

RECORD

(Cen te r )

PLAY

SPEED sw

HIGH

NORM

LOW

PLAY sw

PCM

NORM

ANALOG

VHF - AM

SQUELCH thumbwheel
contro l

T /R  - OFF - REC sw

T /R

OFF

REC

RCVR sw

1

Funct ion

Applies power to dr ive tape
transport in  r eve rse
direct ion.

Selects  reco rd  mode of
PMP and appl ies power to
DSE reco rd  circuitry,

| Removes  power  f rom DSE
and DSE-PMP interface.

Selects  playback mode of
PMP and app l ies  power to
DSE playback circuitry,

Selects  h i gh -speed  (120 ips )
mode of tape transport.

Se lec ts  normal -speed
(15 ips)  mode of tape
transport.

Selects low-speed (3. 75ips)
mode of tape transport.

Se lec ts  PCM playback mode
of PMP and DSE,

Se lec ts  PCM and analog
playback mode of PMP and
DSE.

Se lec ts  analog playback
mode of PMP and DSE.

Inc reases  or dec reases
sensitivity of squelch gate.

App l ies  power to trans-
mit ter  and rece i ve r  c i r -
cuitry in  VHF -AM
transmitter-receiver.

Removes power from VHF-
AM t ransm i t t e r - r ece i ve r .

Appl ies power to rece iver
only of VHF-AM
t ransmit ter-receiver.

Selects VHF-AM rece ive r
frequency No, 1.

| Selects VHF-AM rece iver
frequency No. 2.

I ns t r uc to r
Visibility

Repeater  1t

Repeater  1t

Repeater  l t

Repeater l t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater
ind icator

Repeater 1t

Repeater  1t

Repeater  1t

Repeater  l t

Remarks

No. 1 frequency is 296.8 mc.

No. 2 frequency is 259, 7 mc .
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Table 1-23. Communications Contro l  Subpanel (S/C Panel No. 20) (Cont) ¢ :

Ins t ructor
Key Nomenclature Function Visibility Remarks

23 C-BAND sw

1 PULSE Applies power to C-band Repeater 1t
transponder and se lec ts
1 -pu l se  mode of operation.

OFF Removes power from C-
band transponder,

2 PULSE Appl ies power to C-band Repeater  1t
transponder and se lec t
2 -pu lse  mode of operation.

24 VHF -FM sw

ON Energizes VHF-FM trans - | Repeater l t
mitter.

OFF Removes power from
VHF -FM transmitter,

RECOVERY sw

25 VHF -BCN sw

ON Applies power to VHF Repeater  1t
recovery  beacon,

OFF Removes power f rom VHF
recove ry  beacon ,  @®

26 HF-ON/OFF sw

ON Appl ies power to HF Repeater  1t
transceiver,

OFF Removes power from HF
transceiver,

27 SSB/BCN/  AM sw .

SSB Selects SSB mode of HF Repeater  1t
transceiver.

BCN Selects  AM mode of HF  Repeater  1t |

transceiver and closes
keying circuit  of HF
transmitter,

AM Selects AM mode of HF Repeater 1t
transceiver,
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Figure 1-31. SPS Quantity Gaging Subpanel (Spacecraft Panel No. 20)
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Table 1 -24 .  SPS Quantity Gaging Subpanel (S /C Panel No.  20)

Key Nomenclature

1 He  TANK indicators

TEMP

PRESS - N ,  TK  PRESS

2 PRESSURE indicators

FUEL

OX

ENG INLET - FUEL

ENG INLET - OX

3 SPS ENGINE INJECT
VALVE indicators 1, 2,

4 QUANTITY - OX display

5 QUANTITY - FUEL display

6 UNBALANCE meter

7 TEST - AUTO - TEST sw

TEST (up)

AUTO

Funct ion

Provides constant monitor-
ing of unregulated helium
tank temperature.

T ime-shared  indicator
indicating unregulated
helium tank p ressu re ,  SPS
system, Gaseous ni trogen
tank pressure  or SPS sys-
tem B gaseous ni trogen tank
p ressu re  as se lec ted  by
SPS TANK PRESS sw.

Provides constant moni-
toring of regulated helium
p ressu re  p r io r  to entering
fuel tank.

Provides constant moni-
tor ing of regulated heliurn
pressure pr io r  to entering
oxidizer tank.

Provides monitoring of
fuel p ressu re  at engine
interface.

Provides constant moni-
toring of oxidizer p ressu re
at engine interface,

Provides indication of SPS
engine main propellant
valves open or c losed
condition,

Digital counter display
indicating oxidizer tank
quantity remaining
(pounds t imes 20),

Digital counter display
indicating fuel tank quantity
remaining (pounds t imes
10).

Graduated meter indicating
propel lant mixture unbal-
ance,

Appl ies simulated input to
propellant quantity gaging
and uti l ization sys tem con-
t ro l  unit causing digital
d isp lay counters and
UNBALANCE meter to
function for test check,

Normal operating posit ion.

I ns t ruc to r
Visibility

Repeater
indicator

Repeater indicator

Repeater  indicator

Repeater indicator

Repeater indicator

Repeater Ee

Repeater
indicators

Repeater display

Repeater display

Repeater meter

Repeater I t

Repeater  1t

Remarks

Left needle deflection indicates
CLOSE; right needle deflection
indicates OPEN.

Meter  needle at zero indicates
p rope r  propel lant rat io.  Upper
half of meter  indicates inc reased
oxidizer flow requi red;  lower half
indicates dec reased  flow.
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Table 1-24. SPS Quantity Gaging Subpanel (S/C Panel No. 20) (Cont)

Ins t ruc to r
Key Nomenclature Function Visibility Remarks

TEST (down) Appl ies simulated input for | Repeater  l t
test  purposes as TEST (up)
except  in r eve rse  polar i ty.

8 SENSOR sw

PRI Appl ies output from primary] Repeater  1t
propellant quantity sens ing
sys tem to propel lant
quantity indicating and
warning dev i ces ,

NORM Applies output from both
pr imary and auxiliary
sensing systems to p rope l -
lant quantity warning
dev i ces ,  and output from
primary propel lant sens ing
sys tem to propel lant quan-
tity indicating devices,

AUX Applies output f rom auxil- | Repeater  1t
iary propellant sensing
sys tem to propellant
quantity warning and indi-
cating devices.

9 VALVE sw

PRI Appl ies power to primary Repeater  1t
se rvo  amplifier for p ro -
pellant utilization valve.

SEC Applies power to secondary  | Repeater 1t
se rvo  amplifier for prope l -
lant utilization valve.

10 OX FLOW - INCR -
DECR sw

INCR Inc reases  ox id izer  f low to | Repeater  l t
obtain p rope r  propel lant
utilization mixture ratio.

NORM Provides s ignal  for normal | Repeater  1t
oxidizer flow to maintain
propel lant  ut i l izat ion mix-
ture ra t io .

DECR Dec reases  oxidizer flow to | Repeater  l t
obtain p rope r  propel lant
util ization mixture rat io.

11 OX  FLOW event indicators

(Upper  indicator) Str iped- l ine display indi- Repeater  1t When propel lant utilization valve
cates propel lant utilization is in  normal posi t ion,  both indi-
valve in INCR pos i t ion ;  cators will be gray.
gray d isp lay  indicates it is
not, :

(Lower indicator) Striped-l ine display indi- Repeater 1t
cates propellant utilization
valve in the DECR position;
gray display indicates it is
not,
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Table 1-24. SPS Quantity Gaging Subpanel (S/C Panel No. 20) (Cont)

Nomenclature

SPS HELIUM sw (2)

AUTO

. OFF

ON

SPS TANK PRESS sw

He

N,B

SPS HELIUM event
indicators (2) (C /M  only)

Funct ion

Provides for automatic
application and removal
of power  f rom helium iso la-
t ion valve so leno id ,

Removes power f rom helium
iso lat ion valve so leno id .

Applies power to helium
i so la t ion valve so lenoid.

Selects SPS helium tank
p ressu re  to be monitored
on He TANK PRESS
ind icator ,

Selects SPS system A
gaseous nitrogen tank
p ressu re  to be monitored
on N2 TANK PRESS
indicator,

Se lec ts  SPS sys tem B
gaseous nitrogen tank
p ressu re  to be monitored
on N ,  TANK PRESS
indicator.

Str iped- l ine display indi-
cates energ ized  condition of
valve so leno id ;  gray display
indicates de-energized
condition,

I ns t ruc to r
Visibility

Repeater  1t

Repeater i t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1 t

Remarks

Two identical swi tches.  Each
switch controls helium flow to one
of dual redundant p ressu re  regu-
lator assemb l ies ,

Instructor may monitor readings
other than those se lec ted  by t rainee
by depress ing  the momentary sw-1t
for the des i red  readings.



SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

@ 1 .3 .1 .  20 S/C Panel  No.  21.

Figure 1-32 i l lus t ra tes  the SCM equivalent of S/C panel No. 21 and its
assoc ia ted  IOS repea te r  pane l s .  The con t ro l s  on th is panel  a re  assoc ia ted
with the reac t i on  con t ro l  s ys tem,  the environmental  contro l  sys tem,  and the
e lec t r i ca l  power sys tem simulat ion.

Table 1-25 defines the function and inst ructor  v is ib i l i ty to the setting
of each on the controls.

~— sui  compressér—_  y— ECS cvéol —_—

ap  B\Yeoo eee | ,

—— CABIN AIR FAN =~

56660000

7 6
/ /

DC BUSMn A

SM-6T-2-02-142B

Figure 1-32, Spacecraft  Panel No. 21
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Table 1 -25 .  S/C Panel No.  21

Ins t ruc tor
Key Nomenclature Function Visibility Remarks

1 SUIT COMPRESSOR sw

COMP 1

AC,  Applies a-c power to No. 1 | Repeater 1t Compresso r  output is 50 . 6 cfm and
suit compressor  motor 0.56 psi  AP in prelaunch, 43,7 cfm
from bus 1. and AP  of 0.35 psi for normal

operation, and 31.5 cfm and AP of
AC ,  Appl ies a-c power to No, 1 | Repeater 1t 0. 29 ps i  during emergency  mode.

su i t  compresso r  motor
from bus 2,

OFF Removes a-c power from Repeater l t
suit compressor  motors .

COMP 2

AGC, Appl ies a-c power to No, 2 | Repeater 1t
sui t  compressor motor
from bus 1,

AC,  Appl ies a-c power to No. 2 | Repeater 1t

2 ECS GLYCOL sw

sui t  compressor motor
from bus 2,

PUMP 1

AC,  Appl ies a-c power to motor | Repeater  1t Pump operates at 200 lb/hr at a
of No. 1 water-g lycol  pump p ressu re  r i se  of 29.5 ps i ,  with
from bus 1. inlet of 7 ,5%1,5  ps ig  and 100°F

(max. ).

AC,  Applies a-c power to No. 1 | Repeater  1t
water-glycol  pump from
bus 2.

OFF Removes a-c power from Repeater  1t
water-g lycol  pump motors.

PUMP 2

AC,  Applies a-c power to No, 2 | Repeater  1t
water-glycol pump from
bus 1.

AC,  Applies a-c power to No. 2 | Repeater 1t
water-glycol pump from
bus 2.

3 CABIN AIR FAN sw

Sw 1

ON Applies a-c power to No, 1 | Repeater 1t
cabin air  fan motor.

OFF Removes power from No, 1

1 -134
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Key Nomenclature

Sw 2

ON

OFF

4 POT H,O0 HEATER sw

MN A

OFF

MN B

5 ECS RADIATOR sw

Sw 1

A (on)

6 SNSR UNIT circuit breaker

DC BUS

A

AC BUS

7 RCS HEATERS circuit
b reake rs

A MN B

SMéT-2-02
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Function

Applies a-c power to No, 2
cabin air  fan motor .

Removes power from No, 2
cabin air  fan mo to r .

Appl ies d-c power  to potable
water heater  f rom main
bus  A ,

Removes power from
potable water heater.

Appl ies d-c power to
potable water heater f rom
main bus B,

Appl ies a-c power to space
radiator isolat ion actuator
valve lA ;  opening valve
permits water-g lycol  to
flow to the S /M  radiator,

Appl ies d-c power from
battery relay bus to under-
voltage sens ing  unit throygh
MAIN BUS A RESET sw.

Appl ies d-c power  from
battery re lay bus to under-
voltage sens ing  unit through
MAIN BUS B RESET sw,

Appl ies d-c power f rom
battery relay bus to a -c
over -undervoltage and
over load sensing unit
through AC BUS 1 - RESET
SW.

Appl ies d-c power f rom
battery re lay bus to a-c
over-undervol tage and over -
load sens ing  unit through
AC BUS 2 - RESET sw,

Appl ies power from d-c
main bus B to package
heater in  S /M  RCS quad A.

S/C Panel No. 21 (Cont)

I ns t r uc to r
Visibility

Repeater  1t

Repeater  1t

Repeater 1t

Repeater  1t

Repeater sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater sw-l1t

Remarks

Depress ing  circui t  b reaker  sw-1t
t r ips assoc ia ted  c i rcu i t  b reaker
in C /M  and illuminates FAILED
BY INSTRUCTOR port ion of spl i t -
leve l  indicator, The circuit
b reaker  is not resetab le  until sw
is dep ressed  second t ime, at
which time, CM RESETABLE
port ion of spl i t - level  indicator
illuminates

Same as 6.
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B MN A

CMNB

D MN A

OFF

B (on)

OFF

Sw 2

A (on)

OFF

B (on)

OFF
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Table 1 -25 .  S/C Panel No.  21 (Cont)

Funct ion

Applies power from d-c
main bus A to package
heater  i n  S /M  RCS quad B .

Appl ies power from d-c
main bus B to package
heater in  S /M  RCS quad C.

Appl ies power from d-c
main bus A to package
heater in  S /M  RCS quad D.

Appl ies a-c power to space
radiator iso lat ion  actuator
valve shutting off water-
glycol flow to S /M radiator,

Appl ies a-c  power to space
radiator isolation actuator
valve 1B opening valve
permitting water-glycol
flow to S /M  radiator.

Appl ies power to space
radiator isolation valve
1B shutting off water-
glycol flow to S /M radiator,

Applies power to space
radiator isolat ion valve 2A
permitting water-glycol
flow to S/M radiator.

Appl ies power to space
radiator isolat ion valve
2A shutting off water -
glycol f low to S/M radiator,

Applies power to space
radiator isolation valve 2B
permitting water-glycol
flow to S /M  radiator,

Appl ies power to space
radiator valve 2B shutting
off water-glycol valve
f rom S /M  radiator.

I ns t r uc to r
Visibility Remarks

Repeater sw-It

Repeater  sw-1 t

Repeater  sw-1t

Repeater  1t

Repeater  1t

Repeater l t
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1 .3 .1 .21  S/C Panel  No.  22.

Figure 1-33 i l lus t ra tes  the SCM equivalent of S/C panel No. 22, right
hand c i r cu i t  b reake r  panel ,  and i t s  assoc ia ted  IOS repea te r  pane l s .  The con-
t ro ls  on th is  panel a re  assoc ia ted  with the e l ec t r i ca l  power  sys tem,  env i ron-
mental control  sys tem,  communication and inst rumentat ion,  guidance and
navigat ion,  and the sequence con t ro l  g roup  sys tem simulations.

Table 1-26 defines the function and inst ructor  v is ib i l i ty  to the sett ing
of each of the con t ro ls .
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Key Nomenclature

FUEL CELL  1
c i rcu i t  b reake rs

1 CIR & SEP MOTORS

2 H ,  & O ,  VALVE

3 BUS CONT

4 PURGE

FUEL  CELL  2
c i rcu i t  b reake rs

5 CIR & SEP MOTORS

6 H ,  & O ,  VALVE

7 BUS CONT

8 PURGE

FUEL  CELL  3
c i r cu i t  b reake rs

9 CIR & SEP MOTORS

10 H ,  & o, VALVE

11 BUS CONT

SMé6T=-2-02
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Function

Appl ies power from a-c
bus 1 o r  2 to  F /C  1 c i r cu -
la tor  and separa to r  pump
moto rs ,

Appl ies d-c power  f rom
bat tery relay bus to FUEL
CELL  1 - REACTANTS sw .

Appl ies d-c power  f rom
bat tery  re lay  bus to F /C  1
bus d isconnect  control
through FUEL CELL 1 -
MAIN BUS A and MAIN
BUS B sw,

Appl ies power from d-c
main bus A and B to F /C  1
purge valve through FUEL
CELL 1 - O,  PURGE H ,
PURGE sw,

Appl ies power f rom a-c
bus 1 or 2 to F /C  2 c i r cu -
lator and sepa ra to r  pump
moto rs ,

Appl ies d-c power  from
bat tery re lay bus to FUEL
CELL 2 REACTANTS sw,

Appl ies d-c power  f rom
battery re lay  bus to F /C  2
bus disconnect contro l
through FUEL CELL 2
MAIN BUS A and MAIN
BUS B sw,

Appl ies power f rom d-c
main bus A and B to F /C  2
purge valve control  through
FUEL CELL 2 - Op
PURGE-H); PURGE sw,

Appl ies power f rom a-c
bus 1 or 2 to F /C  3 c i rcu -
lator and separa to r  pump
moto rs .

Appl ies d-c power  f rom
battery re lay  bus to FUEL
CELL 3-REACTANTS sw.

App l ies  d-c power  f rom
battery re lay bus to F /C  3
bus d isconnec t  contro l
through FUEL  CELL 3 -
MAIN BUS A and MAIN
BUS B sw,

Table 1 -26 .  C i rcu i t  B reaker  Panel No. 22

I ns t r uc to r
Visibility

Repeater sw=It

Repeater  sw-1t

Repeater  sw-1t

Repea te r  sw-1t

Repea te r  sw-1t

Repeater  sw-1t

Repeater  sw- l t

Repeater  sw-1t

Repeate r  sw - l t

Repeater  sw-1t

Repea te r  sw-1t

Remarks

Depress ing  c i rcu i t  b reaker  sw-1t
t r ips  assoc ia ted  ¢b  in  SCM and
illuminates FAILED BY INSTRUCTOR
por t ion  of sp l i t - l eve l  ind icator .  Cb
is not r ese tab le  until sw-1t  is
dep ressed  second t ime,  at which t ime
CM RESETABLE por t ion  of indicator
i l luminates.
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15

16

18

19

20

21
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Nomenclature

PURGE

INVERTER CONTROL
c i rcu i t  breakers

1

MASTER EVENT SEQ CONT
circui t  breakers

A ARM B - BAT A

A ARM B - BAT B

A LOGIC B - BAT A

A LOGIC B - BAT B

DC SNSR SIG
c i rcu i t  breakers

MN A

MN B

SM6T=-2-02

Funct ion

Appl ies power f rom d-c
main bus A and B to  ¥ /C  3
purge valve control through
FUEL CELL  3 - O,
PURGE - H ,  PURGE sw.

Appl ies d-c power from
battery re lay bus to AC
INVERTER 1 and AC
INVERTER 3 sw.

Appl ies d-c power from
battery re lay  bus to AC
INVERTER 2 and AC
INVERTER 1 sw.

Appl ies d-c power f rom
battery re lay  bus to AC
INVERTER 2 and AC
INVERTER 3 sw.

Applies d-c power from
battery bus A to MASTER
EVENT SEQ CONT -
LOGIC sw.

Appl ies d-c power from
battery bus B to MASTER
EVENT SEQ CONT-LOGIC
SW,

Appl ies d-c power from
battery bus A to log ic  A
bus in  master  event sequen-
cer when MASTER EVENT
SEQ CONT-LOGIC sw is in
up pos i t ion ,

Applies d-c power f rom
battery bus \B to log ic  B
bus in mas te r  event
sequencer  when MASTER
EVENT SEQ CONT-LOGIC
sw is in  up pos i t i on .

Applies power from d-c
main bus A to d-c under-
voltage sens ing  unit and
DC INDICATORS sw.

Appl ies power f rom d-c
main bus B to d-c under-
voltage sens ing  unit and
DC INDICATORS sw,

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-26. Ci r cu i t  B reake r  Panel  No .  22 (Cont)

Ins t ruc to r
Visibility Remarks

Repeater sw-1t

Repeater  sw-l1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater  sw-1t

Repeater sw-1t

Repeater  sw-1t

Repeater sw-1 t

Repeater sw-1t
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22

23

24

25

26

27

28

29

30

31

32
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Nomenclature

CENTRAL TIMING SYS
c i r cu i t  b reake rs

MN A

MN B

SCIEN EQUIP
c i rcu i t  b reake rs

SEB-1

SEB-2

BAT RLY  BUS
c i rcu i t  b reakers

BAT A

BAT B

BATTERY CHARGER
ci rcu i t  b reakers

BAT A CHGE

BAT B CHGE

MN A

MN B

AC PWR

SMé6T-2-02

Function

Appl ies power from d-c
main bus A to CTE power
supply  1

Appl ies power f rom d-c
main bus B to CTE power
supply 2

TBD

TBD

Appl ies d-c power from
battery bus A to battery
re lay bus through isolat ion
diode.

App l ies  d-c power from
battery bus B to battery
relay bus through isolat ion
d iode.

Appl ies power f rom battery
bus A to MAIN BUS TIE -
BAT A&C sw and to pos i -
t ion A of BATTERY
CHARGER sw through
battery A bus t ie motor
sw  contacts,

Appl ies  power f rom battery
bus B to MAIN BUS TIE -
BAT B&C sw and to pos i -
tion B of BATTERY
CHARGER sw through
bat tery B bus tie motor
sw con tac t s ,

Appl ies  power f rom d-c
main bus A to BATTERY
CHARGER sw and d-c
contacts of battery charger
input power control  re lay.

Appl ies  power from d-c
main bus B to BATTERY
CHARGER sw and DC
contacts of bat tery charger
input power control  re lay .

Appl ies power from a-c
bus 1 or 2 to contacts of
battery charger  input
power control re lay.

Table 1-26. Circui t  Breaker Panel No. 22 (Cont)

I ns t ruc to r
Visibility

Repeater sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater sw-l1t

Repeater  sw - l t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-l1t

Repeater  sw-1t

Repeater  sw-1t

Remarks

1 -141



SM6T-2-02 
|

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1 -26 .  Ci rcu i t  B reaker  Panel No.  22 (Cont) o

Ins t ruc to r
Key Nomenclature Function Visibility Remarks

TELECOMMUNICATIONS |
circuit breakers |

33 GROUP 1 Appl ies power from a-c Repeater sw-1t
bus 1 or 2 to DSE, VHF/
FM transmitter, and C-
band transponder.

{

|

|

34 GROUP Applies power from a-c Repeater  sw-1t  :

bus 1 o r  2 to USBE and
PMP,  |

|
35 GROUP 3 Appl ies power from flight Repeater  sw - I t

and post- landing bus to
eng ineer 's  audio center
POWER sw, RECOVERY-
VHF -BCN sw ,  and m ic ro -
phone amplifier in
eng ineer ' s  headset,

36 GROUP 4 Appl ies power from flight Repeater sw-1t
and post- landing bus to the
following:

a, Commander 's audio
center  POWER sw

b .  Audio cen te r  equip-
ment keying re lay

ce. RECOVERY-HF-
ON/OFF sw

d.. VHF-AM-T /R -OFF-
REC sw

e. Microphone amplifier
in commander's
headset,

37 GROUP 5 Applies power from flight Repeater sw-1t
and post- landing bus to the
following:

a, Navigator 's audio
center POWER sw

b., TAPE RECORDER-
FWD REV sw

c .  TAPE-RECORDER-
RECORD-PLAY sw

d., POWER-SCE sw

. .  POWER-PMP sw

f.  S-band-EMERG sw

ge VHF-FM-ON-OFF sw

h.  S-BAND-PWR AMPL
sW

i .  Microphone amplifier
in  navigator's headset
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Table 1-26. Ci rcui t  Breaker  Panel No. 22 (Cont)

Ins t ruc to r
Key Nomenclature Function Visibility Remarks

Je C -BAND - 1 PULSE -
2 PULSE sw

k.  S -BAND PA equipment

l. TV equipment

m,  USBE power control
relays

n. UP-DATA sw and up-
data link equipment

o. VHF ANTENNA sw

p. S -BAND ANTENNA
sw through S -BAND
XPONDER/XPONDER
PWR AMPL sw,

38 PCM-TLM Appl ies  power from a-c Repeater  sw-1 t
bus 1 or 2 to PCM te lem-
etry equipment,

39 SIG COND S-BAND PA Appl ies power from a-c Repeater sw-1t.
bus 1 or 2 to SCE and S-
band PA.

40 SC IEN EQUIP HATCH TBD Repea te r  sw -1 t

c i rcui t  b reake r

ECS c i rcu i t  b reake rs

41 H,0  ACCUM-MN A Appl ies power from d-c Repeater sw-1t
main bus A to H ,O  ACCUM-
AUTO/MAN/AUTO sw and
H,0  accumulator pump
failure detect ion  unit.

42 H,O ACCUM-MN B Appl ies  power from d-c Repeater  sw-1t
main bus B to H ,O ACCUM 4

AUTO/OFF /AUTO  sw and
H,0  accumulator pump
failure detect ion  unit.

43 GAS ANAL - AC 1 Appl ies a-c power  to gas Repeater  sw-l1t
c i rcui t  breaker chromatograph package

located  in  scient i f ic  data
compartment,

GUIDANCE & NAVIGATION
c i rcu i t  b reakers

44 IMU HEATER - MN A Appl ies power from d-c Repeater  sw-1t
main bus A to IMU hea te rs .

45 IMU HEATER - MN B Appl ies power  f rom d-c Repeater  sw-1t
main bus B to IMU heaters,

46 IMU - MN A Appl ies power f rom d-c Repea te r  sw-1t
main bus A to IMU.

47 IMU - MN B Appl ies power f rom d-c- Repeater  sw- l t
main bus B to IMU,

48 COMPUTER - MN A Appl ies power f rom d-c Repeater  sw-l1t
‘ |  main bus A to AGC,



Key

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

1 -144

Nomenclature

COMPUTER - MN B

OPTICS - MN A

OPTICS - MN B

VIEWER - AC 1

VIEWER - AC 2

ENVIRONMENTAL
CONTROL SYSTEM -
CABIN AIR FAN
1 and 2 c i rcui t  breakers

AC1 - pA

AC1 - §B

AC1 - #C

AC 2 - 0B

AC 2 - §C

INSTRUMENTS
circu i t  b reakers

ESS - MN A

ESS - MN B

NON ESS BUS

NON ESS

SMé6T-2-02
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Function

Appl ies power from d-c
main bus B to AGC.

Applies power from d-c
main bus A to op t i cs ,

Applies power from d-c
main bus B to op t ics ,

None

None

Applies fA  power f rom a -c
bus 1 to CABIN AIR FAN-1
sw and waste management
blower sw

Appl ies PB power f r oma  -c
bus 1 to CABIN AIR FAN-1
sw and waste management
blower sw

Appl ies §C power from a-c
bus 1 to CABIN AIR FAN-1
sw and waste management
blower sw

Applies PA power f rom a-c
bus 2 to CABIN AIR FAN-2
8W,.

Applies PB power from a-c
bus 2 to CABIN AIR FAN-2
SW.

Appl ies PC power from a-c
bus 2 to CABIN AIR FAN-2
sw and CABIN TEMP -
AUTO/MAN sw,

Appl ies power from d-c
main bus A to ESSENTIAL
2 c i rcu i t  breaker.

Appl ies power from d-c
main bus B to ESSENTIAL
2 c i rcu i t  b reake r ,

Appl ies power from d-c
main bus A and B to non-
essent ia l  bus through NON
ESS BUS sw.

Applies power from non-
essential bus to NON
ESSENTIAL circuit
b reake rs .

I ns t r uc to r
Visibility

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater  sw-l1t

Repeater  sw-1t

Repeater sw-1t

Repeater  sw-l1t

Repeater sw-1t

Repeater sw-1t

Table 1-26. Circuit  Breaker  Panel No. 22 (Cont)

Remarks

Function deleted as a result of
M&DV deactivation.
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65

66

67

68

69

70

71

72

73

74
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Table 1-26.

Nomenclature

PAM XMTR NON ESS

SCIEN

ENVIRONMENTAL
CONTROL SYSTEM -
GLYCOL PUMPS
c i rcu i t  b reakers

AC1 - pA

AC1-  9B

AC1 -90C

AC 2 - PA

AC2  -90B

AC2 -9C

ENVIRONMENTAL
CONTROL SYSTEM -
TRANSDUCER
circui t  breakers

WASTE & POT H ,O  -
MN A

WASTE & POT H ,0  -
MN B

PRESS GROUPS - 1 -

SM6T=-2-02

Funct ion

Applies power f rom non-
essent ia l  bus to flight quali-
f icat ion recorder.

TBD

Appl ies PA power  from a -c
bus 1 to ECS GLYCOL
PUMP sw and GLYCOL
EVAP-TEMP IN  sw ,

Appl ies  §B power  f rom a-c
bus 1 to  ECS GLYCOL
PUMP sw and SUIT EVAP
BW.  :

Appl ies PC power  f rom a-c
bus 1 to ECS GLYCOL
PUMP sw  and GLYCOL,
EVAP - BACK PRESS -
AUTO/MAN sw

Appl ies PA power from a-c
bus 2 to ECS GLYCOL
PUMP sw and GLYCOL
EVAP - H ,O  FLOW sw ,

Appl ies 9B power f rom a -c
bus 2 to ECS GLYCOL
PUMP sw

Applies PC power from a-c
bus 2 to ECS GLYCOL
PUMP sw

Appl ies power f rom d-c
main bus A to waste water
tank and potable water tank
p ressu re  t r ansduce rs .

Appl ies  power f rom d-c
main bus B to waste water
tank and potable water tank
p ressu re  t ransducers.

Appl ies power from d-c
main bus A to following
p ressu re  t ransducers :

a .  Su i t

b, Compresso rAP

c. Glycol d ischarge

d. Glycol accumulator
quantity

e. Back p ressure .

Circui t  B reaker  Panel No. 22 (Cont)

I ns t r uc to r
Visibility

Repeater  sw-l1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1 t

Repeater sw-1t

Repeater sw-1t

Repeater sw- I t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1 t

Remarks
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76

77

78

79
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Table 1-26. Ci rcu i t  Breaker  Panel No. 22 (Cont)

Nomenclature

PRESS GROUPS - 1 -
MN B

PRESS GROUPS - 2 -
MN A

PRESS GROUPS - 2 -
MN B

TEMP - MN A

TEMP - MN B

SMéT-2-02

Funct ion

Appl ies power from d-c
main bus B to following
p ressu re  t ransducers :

a.

b.

Cc.

€ ,

Suit

Compressor  AP

Glycol discharge

Glycol accumulator
quantity

Back p ressu re .

Applies power from d-c
main bus A to following
p ressu re  t ransduce rs :

Qe

b.

Ce.

d.

e ,

Oo, f low rate

O,  supply regulator
outlet (TM only)

Glycol evaporator
steam

Cabin

co, partial p ressu re .

Appl ies power from d-c
main bus B to following
pressu re  t ransducers:

Ae

b,

Ce

d.

€ ,

O,  f low rate

O, supply regulator
outlet (TM only)

Glycol evaporator
steam

Cabin

CO,  partial pressure.

Applies power from d-c
main bus A to following
temperature t r ansduce rs :

2s

Ce.

Evaporator liquid
outlet

Cabin

Sui t

Evaporator steam
(TM only)

Space radiator outlet.

Appl ies power from d-c
main bus B to following
temperature t ransducers .

: 1 Evaporator liquid
outlet

I ns t ruc to r
Visibility

Repeater sw-1 t

Repeater sw-1t

Repeater sw-1t

Repeater  sw-l1t

Remarks
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Table 1-26. Circui t  Breaker Panel No. 22 (Cont)

Inst ructor
Key Nomenclature Function Visibility Remarks

b. Cabin

c, Suit

d. Evaporator s team
(T /M  only)

e. Space radiator outlet,

ENVIRONMENTAL
CONTROL SYSTEM - SUIT
COMPRESSOR
circui t  breakers

80 AC 1 - pA Applies PA power from a-c  | Repeater  sw-1t
bus 1 to SUIT COMPRESSOR
BW,

81 AC1  - 0B Applies PB power f rom a-c | Repeater  sw-1t
bus 1 to SUIT COMPRESSOR
SW.

82 AC1  - #C Applies PC power f rom a-c | Repeater  sw-l1t
bus 1 to SUIT COMPRESSOR]
EW.

83 AC 2 - PA Appl ies PA power f rom a-c | Repeater  sw-1t
| - bus 2 to  SUIT  COMPRESSOR,

SW.

84 AC 2 - pB Appl ies PB power f rom a-c | Repeater  sw-1t
bus 2 to SUIT COMPRESSOR)
SW.

85 AC 2 - fC  Applies fC power from a-c | Repeater sw-1t
bus 2 to SUIT COMPRESSOR)
SW,

CRYOGENIC TANK FAN
MOTORS 1 and 2
c i rcui t  breakers

86 AC1  - fA  Appl ies PA power f rom a-c|  Repeate r  sw- l t
bus 1 to H ,  FANS 1 and O ,
FANS 1 sw,

87 AC1l - ¢B  Appl ies PB power from a-c|  Repeater  sw - l t
bus 1 to H,  FANS 1 and O ,
FANS 1 sw,

88 AC1  - 0C Appl ies fC power  f rom a-c|  Repeater  sw-1t
bus 1 to Hy, FANS 1 and O ,
FANS 1 sw,

89 AC 2 - PA Appl ies PA power  f r om a-c |  Repea te r  sw-l1t
" |  bus 2 to H, FANS 2 and O ,

FANS 2 sw,

90 AC 2 - 0B Applies PB power from a-c|  Repeater  sw- I t
| 

bus 2 to Hy FANS 2 and O,
FANS 2 sw.
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91

93

94

95

96

97

98

99

100

101

102

103
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Table 1 -26 .  Ci rcu i t  B reake r  Panel  No. 22 (Cont)

Nomenclature

AC 2 - §C

ENVIRONMENTAL
CONTROLS SYSTEM -
RADIATOR
circuit  b reake rs

AC1 - 1A

AC - 2B

AC2 - 1B

AC 2 - 2A

POT H,0  HTR - MN A

POT H,0  HTR - MN B

CRYOGENIC SYSTEM
TANK HEATERS
circuit b reakers

H, -1 -MNA

H,  - 2 -  MNB

O, -2 -MNB

CRYOGENIC SYSTEM
QTY AMPL  1 and 2
c i r cu i t  b reake rs

AC1 - #C

AC 2 - §C

SMéT-2-02

Funct ion

Applies #C power  from a-c
bus 2 to H, FANS 2 and O ,
FANS 2 sw,

Applies PA power  from a -c
bus 1 to EC5 RADIATOR 1A
BW.

Applies 9B power from a-c
bus 1 to ECS RADIATOR 2B
8W.

Applies PA power from a-c
bus 2 to ECS RADIATOR 1B
SW,

Applies #C power f rom a-c
bus 2 to ECS RADIATOR 2A
BW.

Appl ies power from d-c
main bus A to POT H ,0
HEATER sw,

Appl ies power from d-c
main bus B to POT H,0
HTR sw.

Appl ies power from d-c
main bus A to H ,  HEATERS

Applies power from d-c
main bus B to H ,  HEATERS
BW.

Applies power from d-c
main bus A to O ,  HEATERS
SW,

Applies power f rom d-c
main bus B to 0 ,  HEATERS
BW

Applies power from a-c
bus 1 to H, and O,  1 tank
signal conditioning boxes .

Applies power  from a-c
bus 2 to H, and O,  2 tank
signal conditioning boxes .

I ns t r uc to r
Visibil ity

Repeater  sw-1t

Repeater  sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw- l t

Repeater  sw-l1t

Repeater sw -1 t

Repeater sw-1 t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Repeater sw-1t

Remarks
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o Table 1-26. Circui t  Breaker  Panel No. 22 (Cont)

Ins t ruc to r
Key Nomenclature Function Visibility

FUEL CELL PUMP sw

104 Sw l

AC 1 Controls a-c power from Repeater l t
a-c  bus 1 to F /C  1 pump
motors .

OFF Disconnects a -c  power f rom
¥ /C  pump moto rs .

AC 2 Controls a-c power from Repeater  1t
a-c bus 2 to F /C  1 pump
moto rs .

105 Sw 2

AC 1 Controls a-c power from Repeater l t
a-c  bus 1 to F /C  2 pump
moto rs ,

OFF Disconnects a-c  power
from F /C  pump motors .

AC 2 Controls a-c power from Repeater 1t
a -c  bus 2 to  F /C  2 pump
motor,

106 Sw 3

AC 1 Controls a-c power from Repeater 1t
a-c bus 1 to F /C  3 pump
motors.

OFF Disconnects a-c  power f rom
F/C  pump moto rs .

AC 2 Controls a-c power from Repeater  I t
a -c  bus 2 to F /C  3 pump
motor.

MAIN BUS TIE sw

107 BAT A&C/AUTO/OFF

BAT A&C Controls battery bus A Repeater  1t
motor  sw connect ing battery
bus A and battery C to d-c
main bus  A ,  and d isconnects
BATTERY CHARGER sw
from battery bus A and
battery C.

AUTO Controls battery bus A | Repeater  1t
motor sw connecting battery
bus A and PL  battery C to
d -c  main bus A ,  and d i s -
connecting BATTERY
CHARGE sw during abort
or normal CSM separa t ion .

OFF Disconnects battery bus A
and PL  battery C from d-c
main bus A ,  and connects
BATTERY CHARGER sw to
bat tery  bus A and P /L

‘ |  battery C.

Remarks
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Table 1-26. Circui t  Breaker  Panel No. 22 (Cont)

Ins t ruc tor
Key Nomenclature Function Visibility Remarks

108 BAT B&C/AUTO/OFF

BAT B&C Controls battery bus B Repeater  1t
motor sw connecting battery
bus B and PL  battery C to
d-c main bus B, and d is-
connects BATTERY
CHARGER sw from battery
bus B and PL  battery C.

AUTO Controls battery bus B
motor sw connect ing battery
bus B and PL  battery C to
d -c  main bus B ,  and d i s -
connects  BATTERY
CHARGER selection sw
during abort or normal
CSM separation,

OFF Disconnects battery bus B
and PL  battery C from d-c
main bus B ,  and connects
BATTERY CHARGER sw to
battery bus B and PL
battery C.

109 BAT CHGR sw

AC 1 Controls a-c power from Repeater l t
a-c bus 1 to bat tery charger
during charging operat ion.

AC 2 Controls a-c power from Repeater 1t
a-c  bus 2 to battery charger
during charging operat ion.

110 NON ESS BUS sw

MN A Connects nonessential  bus Repeater 1t
to d-c main bus A,

OFF Disconnects nonessential
bus from d-c main buses ,

MN B Connects nonessential  bus | Repeater I t
to d-c main bus B.

111 G&N VIEWER sw

AC 1 None Repeater  1t Function deleted as a result
of M&DYV deactivation.

AC 2 None Repeater 1t

TELECOM sw

112 ESS

AC 1 Applies power from a-c Repeater  1t
bus 1 to GROUP 2 and
SIG COND S-BAND PA,

OFF Disconnects power from
GROUP 2 and SIG COND
S-BAND PA circuit
breaker .

1-150



Key Nomenclature

AC 2

113 NON ESS

AC1

OFF

Table 1 -26 .

SMé6T=-2-02

Funct ion

Appl ies power from a-c
bus 2 to GROUP 2 and SIG
COND S-BAND PA  c i rcu i t
breake rs .

Appl ies power  f rom a-c
bus 1 to GROUP 1 and
PCM/TLM circui t
breaker ,

Disconnects  power  from
GROUP 1 and PCM/TLM
ci rcu i t  b reake rs .

Appl ies power from a -c
bus 2 to GROUP 1 and
PCM/TLM circuit
breakers .

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Ci rcu i t  B reaker  Panel No.  22 (Cont )

I ns t r uc to r
Visibil i ty Remarks

Repeater  1t

Repeater 1t

Repeater 1t
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Figure  1 -34 .  Spacecraf t  Panel  No .  23
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S/C Panel No.  23.

F igure  1-34 i l l u s t r a tes  the SCM equivalent of  S/C pane l  No.  23, the
r ight hand audio and l ighting control  panel,  and its assoc ia ted  IOS repeater
panel.  The cont ro ls  on this panel are associated  with the caution and warning
sys tem,  the communicat ion and ins t rumentat ion sys tem s imulat ion,  and
l ight ing con t ro l s .

Table 1-27 def ines the function and ins t ruc tor  v is ib i l i ty  to the set t ing of
each of the controls.

1-153



SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-27 .  S/C Panel  No.  23

I ns t r uc to r
Key Nomenclature Function Visibility Remarks

1 C /W LAMP TEST sw

1 I l luminates system status Repea te r  1t MASTER ALARM AND MASTER
1t on panel No. 10 for  lamp WARNING 1t i l luminate dur ing
t es t .  l amp  tes t .  In  addi t ion,  audio tone

is  sent to each headset,

OFF Extinguishes sys tem status
I t  dur ing lamp test ;  normal
operat ing pos i t ion,

2 Illuminates system status Repeater  l t
1t on panel  No. 11 for  lamp
t es t .

F LOODLIGHTS controls

2 SECONDARY sw

ON Il luminates secondary Repeater  l t
r ight-hand floodlights.

OFF Removes power  f rom
seconda ry  floodlights.

3 PRIMARY rheostat Cont ro ls  intensity of Repeater
r ight-hand p r imary  indicator
floodlights.

4 HF sw

T /R  Enables  astronaut  3 to Repeater  1t
t ransmi t  and receive over
HF t ransce ive r  when
operating in AM or SSB
mode ,

OFF Removes power f rom HF
channel of audio center .

REC Enables astronaut 3 to Repeater It
rece ive  only over HF
t r ansce i ve r .

5 VHF -AM sw

T /R  Enables astronaut 3 to Repeater 1t
t r ansmi t  and rece ive  ove r
VHF - AM transmitter-
rece iver ,

OFF Removes  power f rom VHF-
AM channel of audio
cen te r ,

REC Enables ast ronaut  3 to Repeater  1t
r ece i ve  only ove r  VHF  -AM
t ransmi t ter  - rece ive r .

6 INTERCOM sw

T/R Enables ast ronaut  3 to Repeater  l t
t r ansmi t  and  rece ive  ove r
in tercom sys tem.

OFF Removes  audio cen te r
f rom intercom system.
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1

Table 1 -27 .  S/C Panel No.  23 (Cont )  7

Ins t ruc tor  )

Key Nomenclature Function Visibility Remarks

REC Enables astronaut 3 to Repeater  1t
r ece i ve  only ove r  in te rcom A

sys tem.  B

7 VOX SENS thumbwheel Adjust sensitivity of vo i ce -  | Repea te r
control  opera ted  re lay  in  audio indicator

cen te r  module. 1

8 INTERCOM BALANCE Adjus ts  level  of intercom Repeater
thumbwheel control  ‘s ignal  in  re lat ion to indicator

incoming  RF s i gna l s ,  ;

9 VOLUME thumbwheel Increases or dec reases  Repeater  i
contro l  audio s ignal  level  to indicator |

10 AL  3 1t (IOS only)

11 POWER sw

earphones,

Indicates astronaut loop 3
i s  in  use .

Operates in  conjunction with console
communication system AL  ta lk- l is ten
keys .

PTT Appl ies power  to audio Repeater  1t
cen te r  modu le ,  ’

4

OFF Removes  power f rom audio VOX is disabled.

12 S-BAND sw

T/R

OFF

REC

cen te r  module.

Enables astronaut 3 to
t ransmi t  and rece i ve  ove r
S-band  equipment when
operat ing  in  voice mode.

Repeater  1t

Remove  audio input f rom
the S-band sect ion  of audio
cen te r ,

Enab les  ast ronaut  3 to Repeater  1t
rece ive  only f rom S-band
equipment  when opera t ing
in  voice mode.
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Figure  1-35, Spacecraft  Panel No, 24
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1 .3 .1 .23  S/C Panel  No.  24.

Figure 1-35 i l l us t ra tes  the SCM equivalent of S/C panel No. 24 and its
assoc ia ted  IOS repea te r  pane l .  The cont ro ls  on th is  pane l  are  assoc ia ted  with
the sequence cont ro l  g roups ,  the s tab i l i za t ion  and con t ro l  s ys tem,  and the
envi ronmenta l  con t ro l  sys tem s imulat ion.

Table 1-28 defines the function and inst ructor  v is ib i l i ty  to the set t ing of
each of the con t ro ls ,
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Key Nomenclature

1 EDS POWER sw

ON

OFF

MASTER EVENT SEQ
CONT sw

2 PYRO sw

ARM

SAFE

3 LOGIC/OFF sw

LOGIC

OFF

SCS GROUP 2 sw

4 BMAG POWER sw

AC;

OFF

AC

5 ROTATION CONTROL
POWER sw

AC,

OFF

AC?
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Table 1 -28 .  S/C Panel No.  24

Funct ion

Appl ies bat tery power to
EDS buses  1, 2, and 3, and
to EDS display circuitry.

Removes power f rom EDS
buses and display c i rcu i t ry ,

Controls d-c power to
mas te r  event sequence
cont ro l le r  f rom pyro
bat ter ies  A and B.

Removes  power  f rom pyro
bus in mas te r  event
sequence controller.

Connects en t ry  ba t te r ies
A and B to logic buses
A and B in mas te r  event
sequence con t ro l le r ,

Removes  power  f rom log ic
buses in MESC.,

Appl ies power f rom a-c
bus 1 and d-c main  bus A
to d isp lay attitude gyro
acce le rome te r  assemb ly
(AGAA)  ECA,  pi tch, yaw,
and  ro l l  ECAs ,  attitude
gyro spin mo to rs ,

Removes  a-c and d-c¢
power suppl ied  by AC]
and AC)  posi t ion,

Appl ies power from a-c
bus 2 and d-c main bus B
to display AGAA, p i tch,
ro l l ,  yaw, and auxi l iary
ECAs,

Applies power  f rom a-c
bus  1 to rotat ion con -
t r o l l e r s  and ro l l  ECA,

Disconnec ts  power f rom
rotat ion con t ro l l e r s  and
roll ECA,

Appl ies power f rom a-c
bus 2 to  rotation con-
t r o l l e r  and ro l l  ECA,

I ns t r uc to r
Visibility

Repeater  1t

Repeater  1t

Repea te r  1t

Repeater  1t

Repeate r  1t

Repeater  1t

Repeater  l t

Repeater  1t

Repeater 1t

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Remarks

Switch has  no  e f f ec t  on  d i r ec t  mode
operat ion of rotation cont ro l lers ,
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Table 1-28. S/C Panel No. 24 (Cont)

Ins t ruc to r
Key Nomenclature Function Visibility Remarks

6 TVC 2 POWER sw

AC, Applies power f rom a-c Repeater l t
bus 1 to yaw and pitch
ECAs,

OFF Disconnects power from Repeater  I t
yaw and pitch ECAs.

ACy Appl ies power  f rom a-c Repeater  1t
bus 2 to pitch and .yaw
ECAs.

7 DIRECT Op valve Manual meter ing valve Repea te r  ind i -
cont ro l l ing  f low of oxygen ca to r .  Indicator
into sui t  circuit, also repeated  on

IOS panel No. 49.

8 SCS GROUP 1 sw

RATE GYRO POWER
SW

AC, Appl ies power  f rom a-c Repea te r  1t
bus 1 to rate gyro
assemb ly ,

OFF Disconnects power  f rom Repea te r  1t
rate gyro assembly,

AC> Appl ies power  f rom a -c  Repeater l t
bus 2 to rate gyro
assemb ly .

9 PARTIAL SCS POWER
SW

AC Applies power f rom a-c Repeater  1t
bus 1 and d-c  ma in  bus A
to d isplay AGAA, pitch,
ro l l ,  yaw, and auxiliary
ECAs ,

OFF Removes  power  f rom uni ts  | Repea te r  l t
suppl ied  by AC;  and AC ,
pos i t i ons ,

AC; Appl ies  power  f rom a~c Repeater 1t
bus 2 and d-c main  bus B
to  d i sp lay  AGAA,  pitch,
r o l l ,  yaw, and auxi l iary
ECAs .

10 TVC 1 POWER sw

ACH Appl ies power  from a-c Repeater  1t
bus 1 and d -c  main bus A
to  pitch, yaw ,  and  d isp lay
AGAA ECAs.

OFF Removes  power  f r om unit Repeater  1t
supplied by AC; and AC)
pos i t i ons ,

AC, Appl ies  power  f rom a-c Repeater 1t
bus 2 and d-c¢ main bus B
to  p i tch,  yaw, and display
AGAA ECAs,
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Figure 1-36, Spacecraft  Panel No. 25
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1 .3 .1 .24  S/C Panel  No. 25.

Figure 1-36 i l lus t ra tes  the SCM equivalent of S/C panel No. 25 and its
assoc ia ted  IOS repea te r  pane l .  The cont ro ls  on th is  pane l  are assoc ia ted  with
the sequence  con t ro l  g roup ,  the environmental cont ro l  s ys tem,  the communica-
t ion and instrumentation, se rv i ce  p ropu l s i on  sys tem,  gu idance and navigat ion,
reac t i on  con t ro l  s ys tem,  and caut ion and warning s imula t ion,

Tab le  1-29 def ines the funct ion and i ns t ruc to r  v is ib i l i t y  to the set t ing of
each of the controls,
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4

5

6
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Nomenc la tu re

POSTLANDING

FLOAT BAG BAT  C
c i rcu i t  b reake r

VENT FAN-BAT  C
c i rcu i t  b reake r

VENT FAN - HIGH/LOW
SW

HIGH

(Center)

LOW

FLOAT BAG 1 sw

FILL

(Center )

VENT

FLOAT BAG 2 sw

FILL

(Center)

VENT

FLOAT BAG 3 sw

FILL

(Center )

VENT

SM6T-2-02
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Table 1 -29 .

Funct ion

Applies d-c power f rom
flight and postlanding bus
to FLOAT BAG F ILL  sw 1,
2, and  3,

Applies d-c power f rom
fl ight and postlanding bus
to VENT FAN-HIGH/LOW
SW,

Opens cabin inlet and outlet
vent valves and activates
cabin vent fan to h igh-speed
f low operat ion,

Closes  cab in  inlet and
outlet vent valves and
removes  power f rom cabin
vent fan,

Opens cabin inlet and outlet
vent valves and activates
cabin vent fan to l ow -speed
f low operat ion,

Star ts  compresso r  which
inflates f loat bag 1.

Neutral  (of f)  position.

Disconnects power  f rom
compresso r  and opens
vent l ine to flotation bag.

Star ts  compresso r  which
inflates float bag 2.

Neutral (off)  position.

Disconnects power f rom
compresso r  and opens
vent line to f lotation bag.

Star ts  compresso r  which
inflates float bag 3.

Neutral (off)  posi t ion.

Disconnects power  f rom
compresso r  and opens vent
l ine to flotation bag.

S/C Panel  No.  25

I ns t r uc to r
Visibility

Repeater  sw-1t

Repeater  sw- l t

Repeater I t

Repeater  1t

Repeater  1t

Repeater 1t

Repea te r  1t

Repeater  1t

Repea te r  1t

Repea te r  1t

Remarks

Depress ing  c i rcu i t  b reake r  sw-1t
t r i ps  assoc ia ted  c i r cu i t  b reake r  in
C/M and illuminates FAILED BY
INSTRUCTOR por t ion  of sp l i t - l eve l
ind ica to r .  C i r cu i t  b reaker  is not
rese tab le  until sw-1t is dep ressed
second t ime,  at which t ime ,  CM
RESETABLE port ion of sp l i t - leve l
indicator illuminates.
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10

11

12

13

14

15

16

Nomenclature

HF ANTENNA DEPLOY A
sw

(Up)

OFF

HF ANTENNA DEPLOY B
sw

(Up)

OFF

BEACON LIGHTS/OFF sw

BEACON LIGHTS

OFF

c i rcu i t  b reake r

EVENT T IMER MN B
c i rcu i t  b reake r

FLOODLIGHTS & COUCH
ATTEN MN A c i rcu i t
b reake r

FLOODLIGHTS & COUCH
ATTEN MN B c i r cu i t
b reake r

STABILIZATION &
CONTROL SYSTEM

DIRECT CONT
c i r cu i t  b reake rs

A&C ROLL c i rcui t
b reake rs

MN A

SM6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1 -29 .

Function

Applies power to
ANTENNA-DEPLOY/OFF
sw,

Removes  power  f rom
ANTENNA -DEPLOY/OFF
8W,

Deploys HF  whip antenna,

Norma l  operat ional
posi t ion,

Turns on beacon l i gh ts ,

Turns off beacon  l i gh ts .

Appl ies power  f rom d-c
main  bus A to even t  t ime r
SW.

Appl ies power  f rom d-c
main  bus B to event t ime r
SW,

Appl ies power  f rom d-c
ma in  bus B to floodlight
cont ro l  pane ls ,  LEB panel,
and COUCH UNLOCK sw.

Appl ies power  f r om d-c
ma in  bus B to f loodl ight
cont ro l  pane ls ,  LEB ,  and
COUCH UNLOCK sw.

App l ies  power  f rom d-c
ma in  bus A to DIRECT
MODE sw and DELTA V
display,

Applies power  f r om d-c
main  bus B to DIRECT
MODE sw and DELTA V
disp lay.

Appl ies power f rom d-c
tain bus A to A&C ROLL
channel sw.

S/C Panel No. 25 (Cont)

Instructor
Visibility

Repeater l t

Repeater  1t

Repe ater  1t

Repeater sw- l t

Repeater  sw - l t

Repea te r  sw - l t

Repeater sw-1t

Repea te r  sw - l t

Repeater sw-1t

Repeater sw -1 t

Remarks

Switch a rmed  through up  pos i t i on  of
HF  ANTENNA DEPLQY A sw,
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Table 1 -29 .  S/C Panel  No.  25 (Cont)

I ns t ruc to r
Key Nomenclature Function Visibility Remarks

17 MN B Appl ies power f rom d-c Repea te r  sw-l1t
ma in  bus B to A&C ROLL
channel sw,

B&D ROLL c i rcu i t
b reake rs

18 MN A Appl ies  power f rom d-c Repea te r  sw - l t
main  bus A to B&D ROLL
channel sw,

19 MN B Appl ies power f rom d-c Repea te r  sw-1t
ma in  bus B to B&D ROLL
channel  sw ,

PITCH 1-2 c i rcu i t
b reake rs

20 MN A Appl ies power f rom d-c Repeater  sw-1t
main  bus A to PITCH
channel sw,

21 MN B App l ies  power f rom d-c Repea te r  sw-1t
main  bus B to PITCH
channel sw.

YAW 1-2 circuit
b reake rs

22 MN A Appl ies power  f rom d-c Repea te r  sw - l t
ma in  bus A to YAW
channel sw,

23 MN B Appl ies power f rom d-c Repeater  sw-1t
ma in  bus B to YAW
channe l  sw ,

24 FDAI  LTG sw

AC 1 Appl ies #B power f rom a-c |  Repeater 1t
bus 1 to FDAI BRIGHTNESS
contro l .

OFF Removes  power  f rom F DAI
BRIGHTNESS control,

AC 2 Appl ies  #B power f rom a-c|  Repeater l t
bus 2 to FDAI BRIGHTNESS
con t ro l ,

GROUP 1 c i rcu i t
b reake rs

25 AC 1 Appl ies power f rom a-c Repeater  sw-1t
bus 1 to SCS POWER,
RATE GYRO POWER,  and
TVC 1 POWER sw,

26 AC 2 Appl ies power f rom a-c Repeate r  sw - l t
bus 2 to SCS POWER,
RATE GYRO POWER,  and
TVC 1 POWER sw,
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27

28

29

30

31

33

34

35
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Nomenclature

GROUP 2 circuit
b reake rs

AC 1

AC 2

GROUP 1 circuit
b reake rs

MN A

MN B

GROUP 2 circuit
b reake rs

MN A

MN B

BIO-MED COMM
ci rcu i t  b reake rs

MN A

MN B

SERVICE PROPULSION
SYSTEM

GAUGING c i r cu i t
b reake rs

MN A

Table 1 -29 .  S/C Panel  No.  25 (Cont)

Function

App l ies  power  f rom a-c
bus 1 to BMAG POWER,
ROTATION  CONTROL
POWER,  and TVC 2
POWER sw,

App l i es  power  f r om a-c
bus  2 to BMAG POWER,
ROTATION  CONTROL
POWER, and TVC 2
POWER sw,

App l ies  power  f rom d-c
main bus A to SCS POWER,
TVC 1 POWER,  SCS sw,
and to t rans la t ion  con t ro l
p r i o r  to C /M-S /M
sepa ra t i on .

Appl ies  power  f r om d-c
main  bus  B to SCS POWER,
TVC 1 POWER,  SCS sw,
and to t rans lat ion contro l
p r i o r  to  C/M-S /M
separa t ion .

Appl ies power f rom d-c
ma in  bus A to BMAG
POWER sw,  and to
as t ronau t  1 rotat ion and
t rans la t i on  control.

App l i es  power  f r om d -c
ma in  bus  B to TVC 2
POWER sw,  and to
as t ronau t  2 rotat ion and
t rans la t i on  control.

TBD

Appl ies  power  f rom d-c
ma in  bus B to TLM
INPUTS-B IO-MED sw.

Appl ies power f rom d-c
ma in  bus A to propel lant
ut i l izat ion and gaging
subsys tem power  supp l ies ,

I ns t r uc to r
Visibility Remarks

Repeater  sw-1t

Repeater  sw - l t

Repeater  sw-l1t

Repea te r  sw - l t

Repea te r  sw-1 t

Repea te r  sw-l1t

Repea te r  sw-1t

Repea te r  sw - l t

Repea te r  sw-1t
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Table 1-29. S/C Panel No. 25 (Cont)
I ns t ruc to r

Key Nomenclature Function Visibility Remarks

36 MN B Appl ies power  f rom d-c Repea te r  sw - l t
main  bus B to propel lant
ut i l izat ion and gaging
subsys tem power supplies.

37 AC 1 Appl ies power f rom a-c Repea te r  sw-l1t
bus 1 to AC 1 contacts  of
SPS GAUGING sw,

38 AC 2 Appl ies power  f rom a-c Repea te r  sw-1t
bus 2 to AC 2 contacts
of SPS GAUGING sw.

He VALVE circuit
b reake rs

39 MN A Appl ies power f rom d-c Repeater  sw-1t
main bus A to lef t -hand
SPS HELIUM and INJECT
PRE-VALVES sw,

40 MN B Appl ies power f r om d-c Repea te r  sw-1t
ma in  bus B to r ight-hand
SPS HELIUM and INJECT
PRE-VALVES sw,

GIMBAL MOTOR
CONTROL-1 -P ITCH-
2 c i rcu i t  b reake rs

4 ]  BAT A Appl ies  power  f rom Repea te r  sw - l t
bat tery bus A to SPS
GIMBAL MOTORS-PITCH
1 sw.

42 BAT B Appl ies power f rom Repeater  sw-1t
battery bus B to SPS
GIMBAL MOTORS-P ITCH
2 sw.

1 -YAW-2  circuit
b reakers

43 BAT A Appl ies power  f rom Repeater  sw-1t
battery bus A to SPS
GIMBAL MOTORS -YAW 1
sw,

44 BAT B Appl ies power f rom Repeater sw- l t
battery bus B to SPS
GIMBAL MOTORS -
YAW 2 sw,

45] G&N SYNC/OFF sw

G&N SYNC Provides manual  maneuver] Repeater l t
capabil i ty in  G&N atti-
tude control mode by
permit t ing detent sw in
rotation contro ls  to place
CDUs in fol low mode.

OFF Disconnects manual
maneuver  capabil ity in
G&N attitude control
mode .
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Key Nomenclature

46 SPS GAUGING sw

AC 1

OFF

AC 2

AC SNSR S IG c i rcu i t
b reake rs

47 AC  1

48 AC 2

REACTION  CONTROL
SYSTEM

GAUGING c i r cu i t
b reake rs

49 MN A

50 MN B

PROP ISOL c i r cu i t
b reake rs

51 MN A

52 MN B

Table 1-29. S/C Panel No. 25 (Cont)

Funct ion

Appl ies power  f rom a-c
bus 1 to quantity gaging
sys tem se l f - t es t  unit and
SPS f i r ing cont ro l  re lay
contacts.

Removes  a l l  power  appl ied
by AC 1 or 2 sw positions,

Appl ies power  f rom a-c
bus 2 to quantity gaging
sys tem se l f - t es t  unit
and SPS f ir ing contro l
re lay  contacts.

Appl ies power  f rom a-c
bus 1 to over-undervoltage
and ove r l oad  sens ing  unit,
and to AC INDICATORS
sw.

Appl ies power  f rom a-c
bus 2 to over-undervoltage
and over load sens ing  unit,
and to AC INDICATORS
SW.

Appl ies power  f rom d-c
main bus A to S /M p ro -
pellant quantity gaging
compu te r .

Appl ies power  f rom d-c
main bus B to S /M  p ro -
pel lant quantity gaging
compu te r .

Appl ies power  f rom d-c
main  bus A to m i ss i on
sequencer ,  and RCS p ro -
pel lant  and helium valve
SW,

Appl ies  power f r om d-c
main  bus B to m i ss i on
sequence r ,  and RCS pro-
pellant and helium valve
SW.

I ns t ruc to r
Visibility Remarks

Repeater  1t

Repeater  1t

Repeater  sw-1t

Repeater  sw-1t

Repeater sw- l t

Repeater  sw-1t

Repea te r  sw- l t

Repeater sw-1t
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53

54

55

56

57

58

59

60

61
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Nomenc la tu re

C/M-S /M  TRANSFER
c i r cu i t  b reake rs

MN A

MN B

CAUT/  WARN c i rcu i t
breakers

MN A

MN B

EDS c i r cu i t  b reake rs

1 BAT A

2 BAT C

3 BAT B

ELS c i rcu i t  breakers

A BAT A

B BAT B

SM6T-2-02
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Table 1-29. S/C Panel No. 25 (Cont)

~ Function

Applies power f rom d-c
main bus A to RCS
TRANSFER sw and C /M
PROPELLANT JETT-
LOGIC sw.

Appl ies power from d-c¢
ma in  bus B to RCS
TRANSFER sw and C/M
PROPELLANT JETT-
LOGIC sw.

Appl ies power f rom d-c
ma in  bus A to caution
and warning sys tem.

App l ies  power f rom d-c
main  bus B to caution
and warning sys tem,

Appl ies power f rom
bat tery  bus A to EDS
POWER sw,

Appl ies power  f rom entry
bat tery C to EDS POWER
sw,

Appl ies power f rom
bat tery  bus B to EDS
POWER sw.

Appl ies power f r om
ba t te ry  bus A to ELS
LOGIC sw.

Appl ies power f rom
bat tery  bus B to ELS
LOGIC sw.

I ns t r uc to r
Visibility

Repea te r

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repea te r

Repeater

sw-1 t

sw-1 t

sw-1 t

sw-1 t

sw=l1t

sw-1 t

sw-1 t

sw-1t

swa=lt

Remarks
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@ 1 .3 .1 .25  S/C Panel No. 26.

Figure 1-37  i l l us t ra tes  the SCM equivalent of S/C panel  No, 26 and i ts
assoc ia ted  IOS repeater  panel.  The contro ls  on this panel are assoc ia ted  with
the communicat ion and instrumentation simulat ion and l ight ing con t ro l s ,

Table 1 -30  de f ines  the function and ins t ruc to r  v is ib i l i ty  to the se t t ing  of
each of the controls.

7 _4

- 6

7

Ce

10

SM~-6T=2-02-144B

Figure 1-37. LH  Audio and Lighting Control  Panel (Spacecraft  Panel No. 26)
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Table 1-30. LH Audio and Lighting Control  Panel (S/C Panel No. 26) ®
I ns t ruc to r

Nomenclature Function Visibility Remarks

FLOODLIGHTS cont ro ls

PRIMARY rheostat

SECONDARY sw

ON

OFF

POWER sw

PTT

OFF

VOX

S-BAND sw

T /R

OFF

REC

HF sw

T/R

REC

VHF -AM sw

T /R

OFF

Controls intensity of le f t -
‘hand p r imary  floodlights.

Illuminates left-hand
secondary  f loodl ights.

Removes power f rom
secondary floodlights,

Appl ies power to audio
cen te r  module.

Removes  power from audio
center  modu le .

Appl ies power  to audio
cen te r  module and enables
VOX circuitry.

Enab les  astronaut 1 to
t ransmi t  and rece ive  over
S-band equipment when
operat ing in voice mode,

Removes  audio input f rom
S-band of audio cen te r .

Enables astronaut 1 to
r ece i ve  only f r om S-band
equipment when operat ing
in voice mode,

Enab les  ast ronaut  1 to
t r ansmi t  and rece ive  ove r
HF t ransceiver  when
operat ing in AM or S5B
mode.

Removes  power f rom HF
channel of audio center .

Enab les  ast ronaut  1 to
r ece i ve  only over HF
t r ansce i ve r .

Enab les  ast ronaut  1 to
t r ansm i t  and rece i ve r  ove r
VHF  -AM t ransmi t te r  -
r ece i ve r ,

Removes  power  f rom VHF-
AM channel of audio cen te r ,

Repeater
ind icator

Repeater 1t

Repeater 1t

Repeater  1t

Repeater It

Repeater  1t

Repeater l t

Repeater  1t

Repea te r  1t

VOX is disabled.
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Table 1-30. LH Audio and Lighting Control  Panel (S/C Panel No. 26) (Cont)

Nomencla ture

REC

INTERCOM sw

T/R

OFF

REC

VOX SENS thumbwheel
cont ro l

INTERCOM BALANCE
thumbwheel con t ro l

VOLUME thumbwheel
cont ro l

AL-1  1t (IOS only)

Funct ion

Enab les  as t ronau t  1 to
rece i ve  only over VHF -AM
t r ansm i t t e r - r ece i ve r ,

Enab les  ast ronaut  1 to
t r ansm i t  and rece i ve r  over
in tercom sys tem,

Removes  audio cen te r  f r om
i n te rcom sys tem.

Enables astronaut 1 to
rece i ve  only over in tercom
sys tem,

AS

Adjust  sensitivity of vo i ce -
opera ted  re lay  in  audio
center  module.

Adjust  level  of intercom
signa l  in  re la t ion to
incoming RF s igna ls ,

I nc reases  or dec reases
audio signal level  to
ea rphones ,

Indicates astronaut  loop 1
is in  use.

I ns t ruc to r
Visibility

Repeater l t

Repeater  1t

Repeater  1t

Repeater
indicator

Repea te r
indicator

Repeater
indicator

Remarks

Operates in  conjunction with console
communication sys tem AL  talk-
l i s ten  keys.
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Figure  1 -38 .  Lower  Equipment Bay (SCM)
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1 .3 .2  LOWER EQUIPMENT BAY (SCM-IOS).

Figure 1-38 i l l us t ra tes  the SCM equivalent of the spacecra f t  lower  equip-.
ment bay panels .  F igu res  1-39 through 1-70 and tables 1-31 through 1-61
i l l us t ra te  the indiv idual  SCM pane ls  and include the IOS panel  a rea  whe re

status of each SCM-LEB panel is mani fes ted.  Numer ica l  indexing of the
f i gu res  co r re l a tes  them with co r respond ing  tab les  ident i fy ing each LEB

cont ro l  and d i sp lay  by  name,  explaining i ts  funct ion, and desc r i b i ng  the

manner  of IOS mani fes ta t ion .  A s ing le  number code (per  pane l )  is  used  for

both the SCM and the IOS i l l us t ra t i ons ,  Where  a g i ven  SCM cont ro l  or  d i sp lay

does not have an IOS equivalent,  the identifying number on the SCM panel
i l lus t ra t ion  is ind ica ted  with a white numeral  on a black c i r c l e .  Where a
cont ro l  or d isp lay  loca ted  on the IOS does not have an SCM counterpar t ,  the
identifying number on the IOS panel i l lust rat ion  is indicated by a white numeral
on a b lack  square,

1 .3 .2 .1  G&N Annunciator Panel.

Figure 1-39 i l l us t ra tes  the SCM equivalent of the S/C G&N annunciator
panel  and i ts  assoc ia ted  IOS repea te r  pane l .  The d i sp lays  on th is  panel  a re
assoc ia ted  with the gu idance and navigat ion sys tem s imulat ion.

Table 1-31 def ines the function and inst ructor  v is ib i l i ty  to the status of
each of the displays.
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Figure 1 -39 .  G&N Annunciator (Spacecraft Panel No .  57)



Key

10

11

12

Nomenc la tu re

G&N ERROR 1t

COMP PWR FAIL 1t

IMU FAIL 1t

CDU FAIL lit

ACCEL  FAIL 1t

G&N FAIL l t

GIMBAL LOCK I t

IMU TEMP It

ZERO ENCODER 1t

IMU DELAY 1t

MASTER WARNING 1t

MASTER CAUTION It

Table 1 -31 .

SMé6T=-2-02

Funct ion

Indicates fa i lu re  i n  AGC,
IMU, acce le rometer  loops,
or CDU.

Indicates l oss  of -10-, -3-
or +28-vol t  d-c power  i n
AGC.

Indicates gimbal  se rvo
e r ro r  fa i lu re ,  l oss  o f  3200
cps power  supply, gyro
wheel  power,  r eso l ve r  or
t achome te r  exc i ta t ion ,  o r
- 28 -vo l t  d-c IMU power.

Indicates loss of 25.6 kc
power ,  CDU g imbal  e r ro r
fa i lu re ,  or loss of motor
excitation in  one or more
CDUs.

Indicates 120 -vo l t  d - c
power  l oss  o r  acce ler ~
ome te r  e r ro r  fa i lu re  i n
one or more  acce le r - ’
ome te rs .

Ind icates fa i lu re  in  G&N
sys tem,

Indicates middle gimbal
angle g rea ter  than +60
deg rees  with r espec t  to
outer  gimbal,

Indicates IMU t empe ra -
t u re  has dev ia ted 5 deg rees ;
from no rma l .

Ind icates CDU encoders
are being ze roed .

Ind icates IMU gyro wa rm-
up time.

Ind ica tes  malfunction o r
ou t -o f  - t o l e rance  condi t ion
exists as ind icated  by
sys tem status l t ,

None

Ins t ruc to r
Visibility

Repea te r  1t

Repeater 1t

Repeater 1t

Repeater  1t

Repeater lt

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater  1t

Repeater  1t

Repeater lt

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

G&N Annunciator Panel (S/C Panel No. 57)

Remarks

l ight repeated  on panel No. 10.

Repeater  l t  on panel No. 10 (AGC
PWR FA IL ) .

Repeater  1t on panel No. 10,

Repeater l t  on panel No.  10,

Repeater  l t  on panel No. 10 (G&N
ACCEL  FAIL).

Repeater l t  on panel No. 10
(GMBL LOCK),

Repeater 1t on  panel No .  10

Light ext inguishes after CDUs are
ze roed  ( i l luminates for  approximately
30 seconds).

Lamp ext ingu ishes approximately
40 seconds af ter  IMU turn-on.

Upon i l luminat ion of MASTER
WARNING 1t, MASTER ALARM 1t
are i l luminated and audio tone is sent
to each headse t .  MASTER WARNING
1t can only be rese t  by depress ing
e i ther  MASTER ALARM sw-1t on
pane ls  No. 3 or No. 18.

Deact ivated.
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1 .3 .2 .2  Optics Panel,

Figure 1-40 i l l us t ra tes  the SCM equivalent of the spacec ra f t ' s  op t i c s
panel .  The op t i cs  panel  cons i s t s  of the op t ica l  eyep ieces  and {fittings for  the
simulated t e l escope  and sextant and the means  for manual pos i t ion ing  of the
ins t ruments .  The readouts  f r om the op t i c s  panel a re  r epea ted  on IOS panel  15,
(See f igure 1-42.)

Table 1-32 defines the function and inst ructor  v is ib i l i ty  to the sett ing of
the contro ls of the pane l .
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I

SM-6T=2-02-151

Figure 1 -40 .  Opt ics Panel  (Spacec ra f t  Panel No .  30)

Table 1-32. Optics Panel (S/C Panel No. 30)
Ins t ruc to r

Nomenclature Function Visibility Remarks

SEXTANT Sextant eyep iece  fitting
for observing posi t ion of
t a rge t  with r espec t  to
line of sight,

SHAFT ANGLE display Provides mechanica l  read-| Repeater  Repeater  d isplays for  digital read-
out of SCT shaft angle that | display outs are l oca ted  on IOS panel No.  15,
is commanded  by c rew or
compu te r ,

SHAFT control  Enables crew to manually
pos i t ion  shaft  ang les ,

TRUNNION ANGLE Provides mechanical  Repeater  Repea te r  displays for  digital  read-
d isplay readout  of SCT trunnion display outs are located  on IOS panel No. 15.

angle that is commanded
by  c rew  o r  computer .

TRUNNION control  Enab les  crew to manual ly
position trunnion ang les .

SCANNING TELESCOPE Fitt ing for  SCT that is
used  to ass i s t  c rew  i n
obtaining proper  ta rge t
identi f icat ion f o r  sextant .



SM6T=-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

1 .3 .2 .3  LEB  Floodlight Panel,

Figure  1 -41  i l l us t ra tes  the SCM equivalent of the S /C  lower equipment
bay floodlight panel and its associated IOS repeate r  panel.

Table 1-33 def ines the function of, and ins t ructor  v is ib i l i ty to, the
set t ing of the con t ro l s  on the panel.

(TEST)  FLOODS / ~ /

/ CLOCKSPRIMARY

O O \ SECONDARYon | BRT

= E—2
DIM

[
/ ] \

4 N [ LIGHTINGa:
|

HEE FLOODS

©)  PRIMARY

O
SEC | cLodks
ON BRT

® OFF
OFF BRIGHT @

O ® OFF DIM O

SM=-6T-2-02-356

Figure 1-41. LEB Floodlight Panel
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Key Nomenclature

LIGHTING

FLOODS

1 PRIMARY rheostat

2 SEC sw

ON

OFF

3 CLOCKS sw

BRT

| OFF

DIM

SM6T=-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Function

Controls intensity of LEB
floodlights.

Illuminates secondary
LEB floodlights.

LEB Floodlight Panel (S/C Panel No. 81)
I ns t r uc to r
Visibility Remarks

Repeater
indicator

Repeater  1t

Removes power f rom LEB
floodl ights.

Appl ies power  for bright
in tens i ty  of  GMT and event
t ime r  clocks.

Repeater 1t

Removes power for lighting
of GMT and event t imer
clocks.

Applies power for d im
intensity of GMT and event
t imer clocks.

Repeater 1t
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SM~6T-2-02-154C

Figure 1-42. LEB G&N Panel
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1 .3 .2 .4  LEB G&N Panel.

F igure 1-42 i l lus t ra tes  the SCM equivalent of the S/C opt ics control
panel  and i ts  assoc ia ted  IOS repea te r  pane l s .  The cont ro ls  on this panel  a re

assoc ia ted  with the gu idance and nav igat ion sys tem s imula t ion .

Table 1-34  de f ines  the funct ion and ins t ruc to r  v is ib i l i t y  to the sett ing of

each of the contro ls  of the panel.
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Key Nomenclature

1 OPTICS hand contro l ler

2 CHECK COOLANT sw

3 CHECK COOLANT
windows (two - C /M  only)

4 PANEL BRIGHTNESS
thumbwheel control

5 CHECK MODE LAMPS
SW

6 CHECK CONDITION
LAMPS sw

7 MARK sw

ATTITUDE IMPULSE

8 ENABLE sw

ON

OFF

9 ATTITUDE IMPULSE
control ler
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Table 1-34.  LEB  G&N Panel

Function

Prov ides  e l ec t r i ca l  com-
mands f rom crew to opt ics
shaft and trunnion axes .

When depressed ,  appl ies
power to f loodlamps behind
lower panel enabling c rew
to view condit ion of IMU
coolant supply sys tem.

Permi ts  observat ion of
IMU coolant supply system
couplings for  purpose of
detect ing leaks.

Provides adjustment of
illumination level  of al l
integral ly l ighted G&N
sys tem controls and
displays.

When depressed ,  applies
power  t o  a l l  mode 1t on
IMU control panel.

When depressed ,  appl ies
power to a l l  condit ion It
on G&N annunciator panel.

When depressed ,  suppl ies
an interrupt signal to AGC
which commands  i t  to read
optics ang les ,  t ime,  and if
the IMU is operating the
IMU gimbal angles.

Supplies s ignal  to G&N
and SCS sys tems which
d isab les  active S/C
attitude cont ro l  mode
allowing S/C to drift
f ree ly ,  and enables the
attitude impulse control ler .

D isab les  the attitude
impulse contro l ler .

Stick control ler used to
apply smal l  impulses to
spacecraf t  by means of
serv ice  module react ion
je ts .

I ns t ruc to r
Visibility Remarks

Repeater  it

Repeater  1t

Repeater
indicator

Repeater 1t

Repeater 1t

Repeater  sp l i t -
level  1t. MARK
lt provides indi-
cat ion that MARK
sw has been
depressed.
PENDING
ACCEPT 1t
i l luminates when
computer has
reg i s te red  mark
information.

Repeater It

Repeater 1t



Key

10

11

12

13

14

15
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Nomenclature

CONDITION LAMPS sw

ON

OFF

IMU TEMP MODE

GAIN sw

PIPA

ZERO sw

IMU TEMP MODE
ro ta ry  sw

AUTO OVERRIDE

PROPORTIONAL

BACKUP

EMERGENCY

MAP & DATA VIEWER

SLEW sw

UP

DOWN

Table 1-34. LEB G&N Panel (Cont)

I ns t r uc to r
VisibilityFunction

Appl ies d-c power to G&N Repeater 1t
condit ion It.

Removes d-c power from
1t.

When dep ressed ,  simulates | Repeater  1t
temperature e r ro r  5°F
above normal operating
tempera tu re  t o  t es t  t empe r -
ature a la rm circuitry.

When dep ressed ,  s imulates | Repeater 1t
temperature e r ro r  5°F
below normal  operat ing
tempera ture  to  t es t  t empe r -
ature a la rm circuitry.

When dep ressed ,  rep laces  Repeater 1t
IRIG and PIPA the rm is -
to rs  with standard operatin
res is tances  for purpose of
cal ibrat ing temperature
monitoring dev i ces .

Normal operating mode Repeater 1t
which enables automatic
swi tch~over to emergency
mode if IMU temperature
exceeds limits.

Th is  mode ut i l izes same Repeater  1t
heater  control  c ircuit  as
AUTO OVERRIDE mode
but does not provide for
automatic swi tch-over  to
emergency  mode if
temperature exceeds limits,

In  th is  mode ,  tempera tu re
contro l  is furnished by
temperature indicating
circuits.

Repea te r  1t

This  mode controls IRIG
tempera tu re  to 135+3°F
by means of emergency
heaters and thermostat.

Slews fi lm forward. Repeater 1t

Slews fi lm backward. Repeater  It

Repeater  1t.

Remarks

Depress ing  ei ther sw should
illuminate IMU TEMP indicator on
G&N annunciator panel.

IMU TEMP 1t illuminates if
temperature exceeds limits.

IMU TEMP It illuminates i f
temperature exceeds limits.

IMU TEMP 1t illuminates when
heate rs  are off and extinguishes when
heate rs  are on.

Al l  map and data viewer functions
have been deleted as a resul t  of map
and data viewer deactivation.
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Table 1-34. LEB G&N Panel (Cont) ®
Ins t ruc to r

Key Nomenclature Function Visibility Remarks

SINGLE FRAME sw

16 UP Slews f i lm one f rame Repeater 1t
upward.

17 DOWN Slews f i lm one frame
downward.

POWER & BRIGHTNESS

18 MED Applies power to M&DV Repeater lt
drive e lect ronics  and
Pro jec t ion  bulb.

LOW Appl ies power to M&DV Repeater 1t
dr ive e lec t ron ics  and
pro ject ion bulb.

OFF Removes power from
M&DV viewer.

OPTICS

19 MODE sw Switch is used in conjunction with
MANUAL position of OPTICS rotary

DIRECT Appl ies control stick drive | Repeater  1t SW.
ra tes  d i rect ly  to integrating
loops to posi t ion CDUs,

RESOLVED Contro l  st ick drive ra tes  Repeater  1t
are reso lved  by dr ive rate
and shaft gain reso lu t ion
c i rcu i ts  be fo re  posi t ioning
CDUs.

20 CONTROLLER-SPEED Provides attenuation of
BW shaft and trunnion s lew

commands from optics hand]
control ler  to following
maximum dr ive  ra tes .

DIRECT RESOLVED
MODE MODE

HI  8. 56° /SEC 17. 1 ° /SEC | Repeater  It
MED 1 .0 ° /SEC 1 ,0 ° /SEC | Repeater  1t
LOW 0 .1 ° /SEC 0 .1 ° /SEC  | Repeater 1t

21 OPTICS rotary sw

ZERO OPTICS Applies re ference signal Repeater  1t
into integrating loop to
dr ive  CDU r eso l ve rs  and
opt ics to zero.

MANUAL Normal operating posi t ion Repeater  1t Crew se lec ts  ei ther DIRECT or
which al lows crew to RESOLVED posit ion of OPTICS
posi t ion optics by means of MODE sw,
optics hand controller.
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23

24

25

Nomencla ture

COMPUTER

OPTICS HOLD sw

ON

OFF

SLAVE TELESCOPE
SW

STAR LOS

LANDMARK LOS 0°

OFFSET 25°

Sextant doors  access

TRACK sw

SM6T-2-02
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Table 1-34. LEB G&N Panel (Cont)

Funct ion

Optics are automatically
posi t ioned by AGC; panel
controls are disconnected
from optics.

F reezes  optics trunnion
axis to prevent posit ion
overshoot following
reposit ioning of trunnion
axis with optics hand
cont ro l le r .

Re leases  opt ics trunnion
axis for reposit ioning with
opt ics hand controller.

Sextant and te lescope are
s laved to each other.

Dr ives  te lescope  trunnion
repeater  to zero  independ-
ently of trunnion CDU.

Te lescope  trunnion is
dr iven to  25°  of fset  f r om
shaft axis.

Provides access to drive
mechanism which opens
opt ics window with use of
un ive rsa l  tool.

Switches trunnion and shaft
slew command f rom optics
to photometer circuitry.

I ns t r uc to r
Visibility

Repeater  It

Repeater 1t

Repeater 1t

Repeater  1t

Repeater  1t

SEXTANT
DOORS -
OPENED,
CLOSED 1t

Repeater  1t

Remarks

Not functional.
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Figure 1-43, IMU/CDU Control  Panel
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1 .3 .2 .5  IMU/CDU Contro l  Pane l .

Figure 1-43 i l lus t ra tes  the SCM equivalent of the S/C IMU/CDU  control
panel and i ts  assoc ia ted  IOS repea te r  pane l s .  The con t ro ls  and d i sp lays  on
this panel are assoc ia ted  with the guidance and navigat ion system simulat ion.

Tab le  1-35 de f ines  the funct ion and i ns t ruc to r  v is ib i l i t y  to the s ta tus of
each of the con t ro ls  and displays.
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Table 1-35. IMU/CDU  Control  Panel $
I ns t ruc to r

Key Nomenclature Function Visibility Remarks

IMU CONTROL

1 IMU-CDU DIFFERENCE [Displays difference in Repeater  indicator
indicator deg rees  between actual IMU

gimbal angles and CDU shaft
ang les .

2 TRANSFER sw

COMPUTER Al lows AGC selection of Repeater  1t
IMU opera t ing  modes by
driving mode re lays
d i rec t l y .

MANUAL Al lows manual se lec t ion  of |Repeater I t
IMU opera t ing  modes
through use of MODE sw.

3 MANUAL ALIGN sw Causes IMU gimbals to be Repeater  l t  Used in conjunction with CDU MAN
aligned to  manually i nse r ted  mode P/B to coa rse  a l ign  IMU
CDU angles in manual CDU gimbals and cage IMU gyros ,
mode .

MODE sw

4 ZERO ENC Selects and displays zero ZERO ENCODER |

encoder  mode of IMU ope r -  | repeater lt
at ion. Mode sets shafts pp

and encode rs  of CDUs and C |
CDU reg i s te r s  in computer
to zero .

5 COARS ALIGN Se lec ts  and d isp lays coarse  | COARSE ALIGN
align mode  of IMU operation.| r epea te r  1t
Mode pos i t ions  IMU stable
member so CDU and IMU
gimbal ang les  are approx i -
mately same.

6 FINE ALIGN Se lec ts  and d isp lays  fine Repeater  1t
al ign mode of IMU ope ra -
t i on .  In  th is  mode ,  AGC
brings IMU stable member
to fine alignment by to rqu-
ing gyros  to repos i t ion
stable member ,  CDUs are
also dr iven to repea t  gimbal
ang les .

7 ENTRY Se lec ts  and d isp lays  entry Repeater It
mode of IMU operation. |

Mode similar to attitude
control mode except ro l l
ra te  capability is i nc reased
by a fac tor  of 16,

8 ATT  CONT Se lec ts  and d i sp lays  attitude | ATTITUDE Attitude e r ro r  s igna ls  rep resen t
cont ro l  mode of IMU ope ra -  | CONTROL difference between IMU gimbal
tion. Mode generates at t i -  | repea te r  l t  angles and CDU angles.
tude e r ro r  s i gna l s  to be
used by SCS to control
spacecraf t  attitude.
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10

12

13

14

15

16

17

18

20
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Nomenclature

CDU MAN

MANUAL thumbwheel
control

2X  TRUNNION angle
readout display

MANUAL thumbwheel

SHAFT ANGLE readout
display

MANUAL thumbwheel

OUTER GIMBAL (ROLL)
readout display

MANUAL thumbwheel
control

INNER GIMBAL (PITCH)

MANUAL thumbwheel

MIDDLE GIMBAL (YAW)
readout display

SLEW sw

Table 1 -35 ,

I ns t r uc to r
Function Visibility

Se lec ts  and displays manual | CDU MANUAL
CDU mode of IMU operation.| repeater  l t
Mode p rov ides  backup capa-
bility for  manually pos i t ion-
ing CDUs for manual
alignment of IMU in con-
j unc t ion  with MANUAL
ALIGN sw. Mode also used
in conjunct ion  with G&N
SYNC sw to ho ld  an att i tude
fol lowing manual maneuver
in G&N attitude control
mode of SCS.

Prov ides  mechan ica l  d r ive  (C /M  only)
to trunnion CDU motor
shafts for f ine positioning of
r eso l ve rs  within CDU,_

Provides v isual  r ep resen -  |Repeater d isplay
tat ion o f  op t i c s  trunnion
angle commanded by com-
pu te r  o r  c rew .

Provides mechanical dr ive |(C/M only)
to shaft CDU motor shafts
for  f ine positioning of
r eso l ve rs  within CDU,

Prov ides  v isua l  represen-
tat ion of op t ics  shaft angle
commanded by computer
Or  c rew.

Repeater display

Prov ides  mechanical drive |{(C/M only)
to outer  gimbal CDU for
f ine positioning o f  re  so l ve rs
within CDU,

Provides visual represen- | Repeater display
tat ion of IMU outer  gimbal
angle commanded by com-
pute r  o r  c rew .

Prov ides  mechan ica l  d r ive  |(C/M only)
to inner gimbal CDU for f ine
pos i t ion ing of r eso l ve rs
within CDU,

Prov ides v isual  rep resen-  Repeater  d isp lay
tat ion of IMU inner gimbal
angle commanded by com-
pu te r  o r  c rew .

Prov ides mechanical  dr ive |(C/M only)
for middle gimbal CDU for
f ine posi t ioning of r eso l ve rs
within CDU.

Prov ides  v isual  rep resen-  Repeater d isplay
tation of IMU middle gimbal
angle commanded by com-
puter  o r  c rew .

Supplies p rope r  voltages to | INCREASE-
| i ne r t i a l  CDUs to drive motors| DECREASE

t odes i red  angles on readou ts .  repeater  1t

IMU/CDU Control  Panel (Cont)

Remarks

Manual con t ro l s  not repeated at
I0S. Instructor i s  aware  o f  t ra inee
operat ion by variations occur r ing  in
d ig i ta l  readouts.

Same as 10.

Same as 10.

Same as 10.
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1 .3 .2 .6  LEB AGC Display and Keyboard.

Figure 1-44 i l lus t ra tes the SCM equivalent of the S/C LEB AGC display
and keyboard and its associated  IOS repeater  panels .  The contro ls and
displays on this panel are assoc iated  with the guidance and navigation system
s imulat ion.

Table 1-36 defines the function and instructor visibi l i ty to the status of
each of the controls and d isp lays .
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Figure 1-44. LEB Navigation and Display Keyboard Panel (Spacecraft
Panel No.  33)
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Table 1-36.

Key Nomenclature

1 Alarm condi t ion 1t

PROG ALM 1t

CTR FAIL 1t

RUPT LOCK 1t

TC TRAP 1t

SCALER FAIL 1t

PARITY FAIL 1 t

TL  FAIL 1t

CHECK FAIL 1t

KEY RLSE 1t

2 ACTIVITY 1t

UPTL

COMP

3 | PROGRAM display

4 VERB display

5 NOUN display

SMéT=-2-02
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Funct ion

When on, ind ica tes
spec i f i c  a larm condit ion
of  compu te r .

Indicates improper  in te r -
nal execut ion of AGC
p rog ram.

Ind ica tes  i nc remen t
counter inst ruct ion has
been in p rog ress  longer
than 20 msec.

Indicates computer is
locked  up in  interrupt
s ta te ,

I nd i ca tes  computer  i s  in
t rans fer  cont ro l  t rap.

I nd i ca tes  that osc i l l a t o r
has fa i led  or 100 pps
sou rce  i s  no t  ac t i ve .

I nd i ca tes  that par i ty  check
has fai led.

I nd i ca tes  fa i lure in
p rocess ing  te lemetry
data.

Indicates that DSKY pro-
gram encounters improper
operat ing condi t ion,

Ind icates that internal
computer p rog ram  has
at tempted to use verb-
noun subrout ine and has
found keyboard  and display
busy.

When on, ind ica tes
activity in which computer
is p resen t l y  engaged.

Indicates computer is
rece i v ing  information
from te lemetry  up-data
l ink .

Ind icates computer is
engaged in computation,

A two-digit d isplay indi-
cat ing number of p rog ram
presen t l y  in  progress,

A two-d ig i t  d isp lay  indi-
cat ing charac ters  of code
selected.

A two-dig i t  display indi-
cating characters  of noun }

code se lected.

LEB Navigator and Display Keyboard Panel (S/C Panel No. 33)

I ns t r uc to r
Visibility Remarks

Repeater  1t

Repeater  1t

Repeater  1t

Repeater 1t

Repeater  1t

Repea te r  1t

Repeater  1t

Repeater  1t

KEY RELEASE
Repeater  l t

In event of s imulated e lect ro-
luminescent lamp fai lure,  IOS
repeaters  will continue to
display commanded AGC
characters.

Repeate r  1t

Repea te r  1t

Repeater  display

Repeater  display

Repeater  display
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Table 1-36. LEB Navigator and Display Keyboard Panel (S/C Panel No. 33) (Cont)

Nomenclature

REGISTER 1 display

REGISTER 2 display

REGISTER 3 display

BRIGHTNESS thumbwheel

TEST ALARM sw

ERROR RESET sw

NOUN P /B

ENTER P /B

KEYBOARD + P /B

KEYBOARD - P /B

KEYBOARD 0 to 9 P /B

CLEAR sw

VERB sw

KEY RELEASE sw

KEYBOARD ACTIVE 1t
(IOS only)

Funct ion

Displays se lec ted  source
data or f i r s t  component of
mult icomponent data.

Displays se lec ted  source
data or second component
of multi component data.

Displays se lec ted  sou rce
data or th i rd component  of
mult icomponent data.

Var ies  br ightness of
electroluminescent data
d i sp lays ,  r eg i s te r  1,
r eg i s te r  2, and reg i s te r
3.

When depressed ,  l ights
alarm display.

When depressed ,  causes
computer a larm display
to  go out.

P repa re  compu te r  to
accep t  noun code,

Causes  data o r  noun-verb
command to be en te red
in to  compute r ,

Prov ides  capabil i ty of
identi fying data to be
p laced  in computer as

" positive.

Provides capability of
identifying data to be
p laced  in computer as
negative.

P laces  in computer binary
equivalents of octal or
decimal d ig i t s  shown.

Allows opera tor  to erase
er roneous number p laced
in  during data loading.

P repa res  computer to
accep t  verb code.

Re leases  reg i s te r s  1,  2,
and 3 from displaying
keyboard  data and a l l ows
display of p rogram data.

Ind ica tes  keyboard entry
i s  r equ i red ,  i n  p rog ress ,
or impending.

I ns t r uc to r
Visibility

Repeater  d isplay

Repeater  display

Repea te r  display

Repeater
i nd ica to r

Repeater 1t

Repeater  I t

Repeater  I t

Repeater  1t

Repeater 1t

Repeate r  1t

Repeater  1t

Repeater  1t

Repeater  1t

KEYBOARD
RELEASE
repea te r  l t

Remarks

In event of s imulated e l ec t ro -
luminescent lamp fai lure, 10S
repea te rs  wi l l  continue to d isp lay
commanded AGC characters.

Repeater indicator for  this control
is located on IOS panel No. 23.

In even t  that keyboard i s  fa i led o r
AGC i s  off ,  keyboard repea ts  wil l
st i l l  be presented at IOS but KEY-
BOARD ACTIVE 1t wi l l  not be
illuminated.

In event that keyboard  is fa i led or
AGC is  o f f ,  keyboard repea ts  w i l l
s t i l l  be p resen ted  at IOS but KEY-
BOARD ACTIVE 1t w i l l  not be
illuminated.

Cues I /O  that keyboard en t r i es  a re
being made or are expected.
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C 1 .3 .2 .7  AGC Computer  Cont ro l  Panel.

F igu re  1-45 i l l u s t r a tes  the SCM equivalent of the S/C AGC computer  control
panel  and i ts  assoc ia ted  IOS repea te r  pane l .  The cont ro l  on th is  panel is  assoc i -
ated w i th  the guidance and navigat ion sys tem simulation. Tab le  1-37 def ines the
function and i ns t r uc to r  v is ib i l i ty  to the se t t ing  of the panel  con t ro l .
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Figure  1-45. AGC Computer  Cont ro l  Panel (Spacecraft  Panel No. 43)

Table 1-37. AGC Computer Control  Panel (S/C Panel No. 43)
I ns t ruc to r

Key | Nomencla ture  Funct ion Visibility Remarks

1 AGC MODE sw

STANDBY Appl ies reduced  power to AGC. | Repeater 1t
ON Appl ies normal power  to AGC. Repea te r  1t
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1 .3 .2 .8  LEB C i rcu i t  B reake r  Panel .

F igure  1-46 i l lus t ra tes  the SCM equivalent of the LEB c i rcu i t  b reaker
panel and its assoc iated  IOS repeater  panel.  The contro ls  on this panel are
assoc ia ted  with the sequence contro l  g roup  and e lec t r ica l  power  sys tem
simulation,

Table 1-38 defines the function and inst ructor  v is ib i l i ty to the sett ing
of each of the con t ro l s ,
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DEPLOY BAT C 2 EN ENTRY
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Figure 1-46, LEB Circui t  Breaker Panel (Spacecraf t  Panel No. 71)



Table 1 -38 .

Nomenc la tu re

PYRO A c i r cu i t  b reake rs

SEQ A

RCS FUEL DUMP

PYRO B c i r cu i t  b reake rs

SEQ B

RCS FUEL DUMP

HF ANT DEPLOY

BAT CHGR - BAT  C
c i r cu i t  b reaker

BAT  C PWR - POST
LANDING & ENTRY
c i rcu i t  b reake r

BAT B PWR ~- ENTRY:
c i r cu i t  b reake r

BAT A PWR - ENTRY
c i r cu i t  b reake r

SM6T=-2-02
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Funct ion

Appl ies d-c power  to MESC
pyro bus when MASTER
EVENT SEQ CON - PYRO
sw is in ARM pos i t i on ,

Appl ies d-c power  to open
contac ts  of RCS pyro arm
relay in MESC.

Appl ies d-c power  to MESC
pyro bus when MASTER
EVENT SEQ CONT -
PYRO sw is in ARM
pos i t i on ,

Appl ies  d-c power  to open
contacts  of RCS pyro a rm
contac ts  in MESC.

Appl ies d-c power  to
ANTENNA PYRO ARM/OFF
SW.

Appl ies d-c power  from
post land ing  bat tery  C to
BATTERY CHARGER
se lec to r  sw and  to DC
INDICATORS sw.

Appl ies d-c power  f rom
post landing bat tery C
through BUS TIE - MAIN
B - BAT C c i r cu i t  b reaker
to f l ight and post landing
bus. A lso supp l ies  power
to MAIN A - BAT C and
BUS TIE - MAIN B - BAT
C c i rcu i t  breaker.

Appl ies  power  f rom entry
bat tery  B to bat tery  bus B.

Appl ies power  f rom entry
battery A to battery bus A.

I ns t r uc to r
Visibility

Repeater  sw-lt

Repeater sw - l t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

Repeater  sw-1t

LEB Ci rcu i t  Breaker  Panel (S/C Panel 71)

Remarks

Depress ing  c i r cu i t  b reaker  sw 1t t r i ps
assoc ia ted  c i r cu i t  b reake r  in C /M  and
illuminates FAILED BY INSTRUCTOR
por t ion  of sp l i t - l eve l  indicator.
C i r cu i t  b reaker  is not rese tab le  until
sw l t  is dep ressed  second t ime ,  at
which time, C /M  RESETABLE por t ion
of sp l i t - leve l  ind icator  illuminates.
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F igure  1 -47 .  G&N Supplementary Disp lays
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G&N SUPPLEMENTARY DISPLAYS,

The nature of the f l ight c rew opera t ion  of the s imula ted G&N sys tem is
such that the IOS repeate r  ind icators do not provide suff icient visibility for
effect ive ins t ructor  - ope ra to r  moni tor ing.  For this reason,  the G&N system
repeater  ind ica to rs  have been  augmented  with spec ia l  supp lementary  10S
d i sp lays .  These d isp lays  are i l lus t ra ted  in  f i gu res  1 -47  and 1-48  and desc r i bed
in  t ab les  1 -39  and 1 -40 .  IOS pane ls  involved a re  as fo l l ows :

Panel  17 - Mark  e r ro r
Panel 21 - Te l /sex tan t  display
Panel 25 - Navigation evaluation panel
Panel  20 - Navigat ion pa rame te rs
Panel  22 - True spacec ra f t  attitude
Panel  19 - Orb i ta l  pos i t ion
Panel 18 - Sextant doo rs

Mark E r ro r  D isp lay  (Pane l  17).

The mark  e r ro r  d isplay panel, when used in conjunction with the
TEL/SEXTANT display (panel 21) and the navigation evaluation display
(panel 25), enable the i ns t r uc to r -ope ra to r  to obse rve  f l ight c rew  opera t ion  of
the t e l escope  and sextant during navigat ional  problems.

The mark  e r ro r  panel d i sp lays  the e r ro r  between the t e l escope  line of,
sight and the line of sight to a spec i f ic  landmark during earth orbi tal  navigation,
or the e r ro r  be tween  the sextant  l ine of s ight and the l ine of s ight  to a spec i f i ed
navigat ional  s t a r .  The d ig i ta l  readout  i s  in  deg rees  f r om -9 .999  to  +9 .999
with a leas t -coun t  reso lu t ion of 0.003 degree for the sextant and 0.300 degree
fo r  the telescope.

The display is act ivated  by the inser t ion  of the star or landmark
coordinates into the AMS up-data link at the IOS (see also sect ion  I,  Volume II
of th is  handbook) and the pos i t ion ing of the ATT ITUDE IMPULSE-ENABLE
switch to the ON pos i t i on ,  or  when the opt ic  hand con t ro l l e r  is  d i sp laced  f rom
the deadband pos i t i on .  The ‘d isp lay wi l l  then read  out the changing e r ro r
ang les  unti l  the MARK button is dep ressed  on the SCM G&N pane l .  At this
t ime ,  the d isp lay  wi l l  f r eeze  for  a pe r i od  of t ime de te rm ined  by the MARK
HOLD RELEASE mode swi tch on pane l  25, If  the AUTO mode we re  se lec ted
by the AUTO-MAN a l t e rna te -ac t i on  pushbutton,  the d isp lay  would remain
f rozen  for  3 seconds  to a l low the i ns t r uc to r -ope ra to r  to make nota t ions.  If  the
MAN pos i t i on  we re  se lec ted ,  the d isp lay  would re l ease  when the MARK switch
l ight is  dep ressed  by the i ns t r uc to r -ope ra to r .

The R ANGLE readout  d isp lays  the change of t e l escope /sex tan t  shaf t
angle requ i red to a l ign  the r e t i c l e  R l ine with the se lec ted  s tar  or  landmark,
The M ANGLE readout  d i sp lays  the change of t e l escope /sex tan t  trunnion angle
requ i red  to a l ign  the re t i c l e  M l ine with the se lec ted  s ta r  or  landmark.
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Nomencla ture

MARK ERROR - R ANGLE
(DEGREES) d isp lay

MARK ERROR - M ANGLE
(DEGREES) display

SEXTANT DOORS -
OPENED 1t

SEXTANT DOORS -
CLOSED 1t

ORBITAL POSITION -
LONGITUDE /DEGREES
disp lay

LATITUDE/DEGREES
display

ALTITUDE-NAUTICAL
MILES display

TRUE SPACECRAFT
ATT ITUDE - RATE
DEGS/SEC displays

ATT ITUDE - POS DEGS
display

REFERENCE FRAME

TEL /SEXTANT DISPLAY-
BEAM ROTATE control

SCALE control

FOCUS control

INTENSITY

TEL/SEXTANT display

NAVIGATION
PARAMETERS-LOS ROT/
DEGREES indicators

NAVIGATION
PARAMETERS-DEGREES
disp lay

NAVIGATION
PARAMETERS-DEC-LAT 1t

NAVIGATION
PARAMETERS-DEGREES
display

Funct ion

Displays angular coordinates of landmark
with respec t  to te lescope LOS or angular
coordinates of star with respec t  to sextant
LOS.

Same as 1.

Indicates sextant doors  fully open

Indicates sextant doors fully c losed  and
locked.

Five-d ig i t  alphanumeric display which
i nd i ca tes  longitude of S/C orbital posi t ion,

Fou r -d i g i t  a lphanumer ic  d isp lay  which
i nd i ca tes  latitude of S/C orbital position,

Four-d ig i t  numeric display of S/C altitude
orbital pos i t ion.

Three-digit readout indicating PITCH,
ROLL, and  YAW components  of t rue  S/C
r a tes .

Three-digit readout indicat ing PITCH,
ROLL,  and YAW components of true S/C
attitude,

Provides ind icat ion as to  whether  iner t ia l
r e fe rence  is E,  I ,  or M frame,

Provide beam rotate adjustments,

Provides contro l  of scale i l lumination.

Provides focus control of presentat ion.

Provides cont ro l  of display intensity.

P resen ts  analog of sextant and te lescope
view,

Provides four-digit  indicat ion of amount
of rotation about shaft axis.

F ive-d ig i t  alphanumeric readout  which
indicates coordinates of point of i n te r -
sec t ion  of associated l ine of s ight  and
ear th -moon-ce les t i a l  sphere.

Sp l i t - sc reen  1t which shows whether
assoc ia ted  d isp lay  is read ing  latitude
(landmark SCT sight ing) or decl inat ion
(s ta r  SXT sighting).

F i ve -d ig i t  a lphanumeric readout which
ind icates coordinate of point of in ter -
sect ion of assoc iated  l ine of sight and
ear th -moon-ce les t ia l  sphe re .

Table 1-39. G&N Supplementary Displays

Remarks

For  navigation, readouts  provide al ign-
ment  displacement in  t e rms  of ang les
us ing M and R l ines for  coordinates.

Same as 1,

Optics not operational until doors are
fully opened.

Only re ference f rame  E lt implemented on
SE-012 ,
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Table 1 -39 .  G&N Supplementary Displays (Cont)

Function

Sp l i t - s c reen  lt which shows whether
PARAMETERS-SHA/LONG | assoc ia ted  d isplay is reading longitude
1t

NAVIGATION
PARAMETERS-DEC/
DEGREES

NAVIGATION
PARAMETERS-SHA/
DEGREES

(landmark SCT sighting) o r  s i de rea l  hour
angle (s tar  SXT sighting).

Provides four-d ig i t  readout of declination
of sextant shaft line of s ight.

Provides four -d ig i t  readout of s idereal
hour angle of sextant shaft l ine of sight.

Remarks
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Figure 1 -48 ,  Navigation Evaluat ion Panel

Table 1-40. Navigation Evaluation Panel

Nomenclature Function Remarks

FUEL QUANTITY Four-d ig i t  indicator which records
DISPLAY - RCS (LBS) amount of fue l  consumed during naviga-
display t ion sight ing.

FUEL  QUANTITY Manual control  (two) for  zero ing related
DISPLAY - ZERO sw digital displays.

CRT MODE SELECTOR sw | Rotary sw that selects r e fe rence  and f ie ld

MARK
MARK

of view for CRT display.

HOLD RELEASE - | Dep ress ing  the sw-1 t  causes  re l ease  of
sw- l t  i t ems 1 and 6 of this panel ,  i t ems  1 and

2 of panel  No, 17, and the CRT d isp lay
on panel No, 21.

MARK HOLD RELEASE - |Depressing the sw-1t de te rmines  whether
MAN-AUTO sw-l1t ind icators  are under manual or computer

cont ro l .

FUEL  QUANTITY Th ree -d ig i t  t ime r ,  actuated by
DISPLAY - TIME (SECS) MINIMUM IMPULSE control  or opt ics
display hand controller that times navigation

sighting,
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Selec t ion  by the i ns t r uc to r -ope ra to r  be tween  the TELESCOPE and
SEXTANT pos i t ions  of CRT MODE SELECTOR switch on panel  25 wi l l  de te r -
mine which e r ro r  ang les  are be ing d isp layed .  The i ns t r uc to r -ope ra to r  shal l
determine which opt ica l  instrument is be ing used  by the f l ight c rew  by means
of the c l osed  c i r cu i t  TV mon i t o r s ,

TEL/SEXTANT Disp lay  (Panel  21).

This panel cons i s t s  of a 5 - i nch  CRT which d isp lays the re la t ive  loca t ion
between an ear th  landmark and re t i c l e ,  s ta r  and r e t i c l e ,  and lunar landmark
and re t i c l e  when us ing  the telescope. During sextant ope ra t i on ,  the re la t i ve
pos i t ion  be tween  a s ta r ,  a second  s ta r ,  and the r e t i c l e ,  and between a lunar
landmark,  s ta r ,  and re t i c l e  are displayed.

A landmark is  r ep resen ted  on the CRT as a c i r c l e  and a s ta r  by a dot .  A
re t i c l e  with the l ower  por t ion of the R l ine blanked is  e lec t ron ica l l y  genera ted
to r ep resen t  e i ther  the sextant or t e l escope  re t i c l e .  If  the images  on the CRT
are  within the sc r i bed  re t i c le  and 11-inch c i r c l e ,  the f i e ld -o f -v iew sca le  may be
i nc reased  at panel 25 and the images  wi l l  rema in  on the face of the CRT.

The d isp lay becomes  act ivated at the same t ime as those on panel 17 i f
the p rope r  CRT MODE SELECTOR pos i t i ons  are se lec ted .  Fo r  t e l escope
operat ion,  the d isp lay is only act ive on the 60° or 12° pos i t ions .  The display
will only be act ive for sextant operat ion  i f  the 1 .8°  or 0 .36°  posit ion of the
CRT MODE SELECTOR switch is  se lec ted .

The use of a s ta r  in  the sextant landmark line of s ight  to permi t  s imulat-
ing a s ta r - t o - s ta r  navigation task must be identif ied to the AMS computer
complex by the IOS ope ra to r .  The ident i f icat ion is accomp l i shed  by the addit ion
of a code to the s tar  coo rd ina to r  as a s ta r  that is to be assoc ia ted  with the
sextant landmark l ine of s igh t ,  This code ident i f ies that subsequent  t asks  are
to be s ta r - t o - s ta r  s ight ings and that the se lec ted  s tar  wi l l  be v iewed through
the sextant landmark l ine of s igh t .  Codes are ident i f ied in  sec t ion  I of
Volume II of th is  handbook.

Navigational Evaluat ion Panel  (Pane l  25).

The con t ro l s  and d isp lays  on th is  panel  provide the ins t ruc tor  - ope ra to r
with the means  of evaluat ing the e f f ec t i veness  of G&N sys tem opera t ion  during
navigat ional  s i gh t i ngs .  A t ime d i sp lay  (0 to 999 seconds )  is  act ivated when the
op t i cs  con t ro l l e r  is out of deadband or when the ATT ITUDE IMPULSE-ENABLE
swi tch is pos i t i oned  to ON. The t imer  wi l l  continue to run unti l  the MARK
button is dep ressed  in  the SCM. In  addi t ion to f reez ing  the t ime r ,  the RCS
(LBS)  ind ica to r ,  which has been reco rd ing  the prope l lant  u t i l i zed f rom the same
time that the t ime r  was ac t iva ted,  is a l so  f r ozen .  The CRT d isp lay (panel  21),
and the MARK ERROR ind ica tor  are  a lso  f r ozen  as desc r i bed  above .  As
desc r i bed  for  the mark  e r ro r  pane l ,  the f r eeze  durat ion is  a funct ion of the
MARK HOLD RELEASE - MAN/AUTO split leve l  switch ind ica tor .  If the MAN
pos i t ion  is se lec ted  by the i ns t ruc to r ,  the f r eeze  las ts  until the MARK HOLD
RELEASE - MARK swi tch is  dep ressed .  At  th is t ime ,  a l l  d i sp lays  are
re leased  to begin t iming and monitoring until the next marks  s ignal  is rece ived .
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I f  the AUTO mode  is  se lec ted ,  the d isp lays  are f r ozen  at the t ime of the
first MARK for  a pe r i od  of 3 seconds  to a l low the i ns t r uc to r -ope ra to r  to make
no ta t ions .  At  the end of the 3 seconds ,  the d i sp lays  are updated by 3 seconds
and resume  no rma l  ope ra t i on .  If a second  MARK was in i t ia ted during the f i r s t
3 - second  t ime pe r i od ,  the d isp lays  w i l l  advance to the second  t ime  of mark
af ter  complet ing the f i r s t  ho ld  pe r i od .  A f te r  hold ing the second  mark  pe r iod  for
3 seconds ,  the d i sp lays  wi l l  be updated by 3 to 6 seconds  to the actual  t ime
s ince  s tar t ing and then resume  i ts  no rma l  opera t ion .  The sys tem is capable of
handling a maximum of th ree  such marks  in  any 3 - second  interval.

The ZERO buttons are used  to re turn  the RCS: (LLBS) and TIME (sec)
ind ica to rs  to ze ro .

Navigation Pa rame te rs  (Pane l  20).

The navigat ion pa rame te r  panel  cons i s t s  of two sets of d i sp lays .  One set
(items 16, 21, and 22 i n  f igure  1 -47 )  p rov ides  the i ns t r uc to r -ope ra to r  with the
or ien ta t ion  of the sextant with r espec t  to the ce les t i a l  sphe re ,  and these d isp lays
are continually d isp layed.  The second set (items 17, 18, 19, and 20 also in
f igure  1 -47 )  cons i s t s  of sha red  d isp lays  assoc ia ted  with the t e l escope  or the
sextant l i nes  of sight.

The SHA/DEGREES disp lay ind ica tes  the s i de rea l  hour angle of the sextant
shaft  l ine of s igh t  f rom 0 to 359 .9  deg rees .  The DEC/DEGREES readout  i nd i -
cates  the dec l inat ion of the sextant  l ine of s igh t  f rom -90 .0  to +90. 0 degrees.
The LOS ROT/DEGREES ind ica tor  d i sp lays  the angle the sextant  t runnion ax is
makes  with the mer id ians  of the ce les t i a l  sphe re  measu red  pos i t ive  c lockw ise
f rom nor th .  The d i sp lays  are not ac t ive unti l the SCM alt i tude is  g rea te r  than
450, 000 feet.

Two sp l i t - s c reen  ind ica to rs ,  labeled SHA/LONG and DEC/ LAT, are
assoc ia ted  with the readou ts  i l l us t ra ted  as items 17and  19 in  f igure 1 -47 .  When
the SHA por t ion  of the upper  ind ica tor  is  illuminated, the ad jacent  d isp lay  to i t
i nd ica tes  the s i de rea l  hour  angle  of the point  of i n t e r sec t i on  of the sextant  l ine
of s ight  wi th the ce les t i a l  sphe re  (0 to 359 .9  deg rees  with the f i r s t  d ig i t  blank).
When the LONG por t ion  is i l luminated,  the d i sp lay  i nd i ca tes  the longitude of the
t e l escope  l ine of s ight on the ea r t h ' s  sur face  (E, 0 to 359.9  deg rees ) .  During
the illumination of the DEC por t ion  of the l ower  sp l i t - l eve l  i nd ica to r ,  the
dec l ina t ion  of the point of i n t e r sec t i on  of the sextant  l ine of s igh t  with the ce les -
t ia l  sphe re  is  d isp layed  (+ or - ,  0 to 90 .0  deg rees ) .  When the LAT por t ion  is
l i gh ted ,  the lat i tude of the t e l escope  l ine of s ight  on the ea r t h ' s  su r f ace  is
d isp layed  (+ or -,  0 to 90 .0  degrees).

The act ivat ion of  the sp l i t - l eve l  i nd i ca to r ,  and assoc ia ted  d i sp lays ,  i s
compute r  - con t ro l l ed ,  and the ind ica to r  and d isp lays  ope ra te  under  the fol lowing
cond i t i ons .  The LONG/LAT  d i sp lays  and i nd i ca to r s  a re  ac t i ve  only when the
t e l escope  l ine of s i gh t  i s  l ess  than 55 deg rees  f r om the l oca l  ve r t i ca l ,  o r  nadir,
and the SCM alt i tude is  g rea te r  than 450, 000 fee t .  The t e l escope  LONG/LAT
ind ica to rs  only have s ign i f i cance i f  the t e l escope  is  s laved  to the sextant s ta r
l ine of s igh t .  The SHA/DEC d i sp lays  and ind ica to rs  are  ac t i ve  only i f  the
sextant  l ine of s igh t  is  g rea te r  than 67 deg rees  f rom the nad i r ,  and the SCM
altitude is g rea te r  than 450, 000 feet.
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True Spacecra f t  Attitude Panel (Panel  22).

The t rue spacec ra f t  attitude panel d isp lays  the p i tch,  r o l l ,  and yaw
attitude to the nea res t  deg ree  and the angular rate of spacec ra f t  rotat ion in
degrees per second.

The spacec ra f t ' s  attitude frame of r e fe rence  is  d i sp layed  by indicator
l ights at the bottom of the panel.  Select ion of the re fe rence  f rame i s  provided
by the computer  based  on the spacec ra f t  l oca t ion  re la t ive to the ce les t i a l  bodies,
Fo r  the SE 012 AMS only the E re fe rence  l ight  is  ac t i va ted .

Orb i ta l  Pos i t ion  D isp lay  (Pane l  19).

The orb i ta l  pos i t i on  panel  p rov ides  the indicat ion of the veh i c l e ' s
longitude, latitude, and a t t i tude.  The longitude display ind ica tes  f rom
W 180 .0  to E 180 .0  deg rees  with an accu racy  of £0 .1  deg ree .  The latitude
disp lay wil l  indicate f rom N 90 .0  to S 90 .0  deg rees  with an accu racy  of
+0.1 degree.  The attitude display ranges from 0 to 999.9 nautical  m i les  with
an accu racy  of 0 .1  naut ical  mile.

Sextant Doo rs  Display (Panel  18),

The sextant doo rs  panel  moni tors  the status of the sextant doo rs .  The
OPENED l igh t ,  when illuminated, ind ica tes  the doo rs  a re  open  and the t e l e -
scope and sextant are  funct ional .  The CLOSED l ight ind ica tes  the doo rs  are
fully c l osed  and l ocked .  Nei ther  l ight is  i l luminated during t rans i t ion .

Opera t ion  of the door  cont ro l  mechan ism c lose l y  dupl icates that of the
spacecra f t .  The init ial nine turns of the un iversa l  tool rep resen t  unlocking,
and the next th ree  turns r ep resen t  the opening of the doo rs .  The opt ics  are not
functional until the doo rs  are fully open. C los ing  and locking of the doo rs
requ i re  the same amount of mot ion in  the r eve rse  d i rec t i on .

RIGHT-HAND AND RIGHT-HAND FORWARD EQUIPMENT BAYS.

The r ight-hand and r ight-hand forward equipment bays of the SE 012 AMS
contain three equivalent spacec ra f t  pane l s .  These are the waste  management
pane l ,  the r igh t -hand c i r cu i t  b reake r  pane l ,  both l oca ted  at the r ight -hand
equipment bay,  and the in- f l ight  tes t  sys tem panel  l oca ted  at the r ight-hand
forward bay.  These pane ls  are i l lus t ra ted and functionally desc r i bed  in  the
fol lowing paragraphs.

Was te  Management  Pane l .

Figure 1-49  i l l us t ra tes  the SCM equivalent of the S /C was te  management
panel  and i t s  assoc ia ted  10S repea te r  panel .

Table 1 -41  def ines the function and ins t ructor  visibi l i ty to the set t ing of
each control .
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F igure  1-49. Waste Management System Panel (Spacecraft Panels No. 90 and No. 91)

Table 1-41,

Nomenclature

URINE DUMP/OFF valve

URINE DUMP

OFF

Se lec to r  valve

URINE DUMP

VACUUM

OFF

URINE FECES

HOSE
 »I -A

/

CONNECTION_|

Function

Enables ur ine to be dumped
overboard  i f  both waste
management valves are
p laced  to URINE DUMP
pos i t i on .

Closes  ur ine l i ne  to outs ide
atmosphere.

Connects ur ine disposal
lock  to u r ine  dump l ine
enabling ur ine to be dumped
overboard  i f  URINE DUMP/
OFF valve is p laced  to
URINE DUMP pos i t i on .

Activates waste manage-
ment b lower permit t ing
vacuum c leane r  f i l te r  to
re ta in  deb r i s  while b lower
vents a i r  and odors to ECS.

Disables functions of waste
management con t ro l s ,

Enables u r ine  flow to ur ine
d isposa l  l ock ,  activates
blower routing odors from
fecal  can is ter  and urine
disposal  lock to ECS.

ae
ACLIUM CLEANER

——

Ins t ruc to r
Visibility

Repeater  i t

Repeater 1t

Repeater  1t

Repeater l t

Repeater  1t

Repeater  1t

——

Vacuum c leane r  not installed in  AMS
2.No.

S

: 0 @ @ o
~~  ums fur 2

3 (78  I

o " lo]

SM-6T-2-02-1198

Waste Management System Panel (S/C Panels No. 90 and 91)

Remarks
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_ 1 .3 .4 .2   Right-Hand LEB Ci rcu i t  B reake r  Panel.

Figure 1 -50  i l l us t ra tes  the SCM equivalent of the S/C r ight-hand LEB
c i rcu i t  b reake r  panel and . i t s  assoc ia ted  IOS repea te r  pane l .  The con t ro l s
on this pane l  a re  assoc ia ted  with the e lec t r i ca l  power  sys tem s imulat ion.

Table 1-42 defines the function and instructor  v is ib i l i ty  to the sett ing
of each of the con t ro l s .

— RH A re  ayMA

7 gat BUBUS re ab a rc

TAR2E
E PRH EQUIP BAY INVERTER PWR

POST LDG 0 .2  a NO.3 —

Gi  ai x ,MAIN
T ITY  TESA

Doo DER IED

/ [

pA  A= MAIN 'E  POSTS LDG -1

RyeA BUS AT C MALIN A Na

® 7) ® ® 53) ® 4) ®

Oo 0 O O O Oo OO OO O

SM=-6T-2-02-359

Figure 1-50. RH (LEB)  Circui t  Breaker Panel (Spacecraf t  Panel No. 87)
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MAIN A c i r cu i t  b reakers

1

MAIN B c i rcui t  b reakers

POST LDG circui t  breakers

INVERTER PWR
circuit b reake rs

10

11

12

13

1-206

Nomenc la tu re

BAT BUS A

BAT BUS C

BAT C

BAT BUS B

BAT BUS A

BAT BUS B

BAT C

No. 1 MN A

No. 2 MN B

No. 3 MN A

No. 3 MN B

SMéT-2-02

Function

Applies power  from battery
bus A to d-c main bus A
through contac ts  of main
bus tie bat A motor  sw,

Appl ies power  from post -
landing bat tery to d-c main
bas A through contacts of
main bus tie bat B moto r
SW.

Applies power  from post -
landing bat te ry  C to  d-c¢
main bus B through con-
tacts of main bus tie bat A
motor  sw ,  |

Appl ies power  from battery
bus B to d~c main bus B
through contact of main:
bus tie bat B motor  sw.

Applies power  from bat tery
bus A to flight and post -
landing bus.

Appl ies power  f rom bat tery
bus to flight and post land-
ing bus.

Appl ies  power  f rom BAT
C PWR - POSTLANDING,
c i rcu i t  breaker to flight
and post landing bus.

Appl ies power  f rom d-c
main bus A to flight and
post landing  bus.

Applies power  f rom d-c
main bus B to flight and
postlanding bus.

Applies power from d-c.
main bus A to inver te r  1.

Appl ies power  from d-c
main bus B to i nve r te r  2.

Appl ies power  f rom d-c
main bus  A to i nve r t e r  3.

Appl ies power from d-c
main bus B to inver te r  3,

I ns t r uc to r
Visibility

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

sw=~1t

sw-1 t

sw-1t

sw=1t

gw-1 t

sw-1 t

sw-1t

sw-~1t

sw-1t

sw-1t

sw-1 t

sw-1 t

sw-1 t

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1 -42 .  RH (LEB)  Circuit  Breaker Panel (S/C Panel No. 87)

Remarks

Depress ing  c i r cu i t  breaker sw-1t t r ips
assoc ia ted  c i r cu i t  b reaker  in  C /M  and
illuminates FAILED BY INSTRUCTOR
por t ion of sp l i t - l eve l  i nd ica to r .  Circuit
b reaker  is not resetable unti l  dep ressed
second t ime,  at which t ime ,  C /M
RESETABLE port ion of sp l i t - leve l
ind icator  il luminates.
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1 .3 .4 .3  In-Fl ight Test System Panel.

Figure 1-51 i l lus t ra tes  the SCM equivalent of the S/C in-flight test
panel and its associated  IOS repea te r  panel .

Table 1-43 defines the function and instructor  v is ibi l i ty to the status
of contro ls  and d isp lays of the panel.

A]  C1  [ Ia T—1
| LAMP

| Ly  | ( ~ 1

J
Foo ]

SELECT

FL
[ I =

TEST SELECT

20%
=u

0

FUNCTION
SELECT __— 2

SM-6T-2-02-360

Figure 1-51. In-Fl ight Test System (Spacecraft Panel No. 97)
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Table 1 -43 .

Nomenclature

1 DC VOLTS mete r

2 FUNCTION SELECT sw

3 TEST SELECT rotary sw

1-208

A

OFF
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Funct ion

Indicates voltage of parame-
ter se lec ted  by FUNCTION
SELECT and TEST
SELECT sw.

Se lec ts  f i r s t  set of 12
parameters to be monitored
by DC VOLTS me te r  as
se lec ted  by  TEST  SELECT
sw.

Disconnects al l  parameters
from TEST SELECT
ro tary  sw.

Select  second set of 12
parameters to be moni-
to red  on DC VOLTS meter
as se lec ted  by TEST
SELECT rotary sw.

Selects  parameter  to be
moni tored on DC VOLTS
mete r .

In-Fl ight  Tes t  System (S /C  Panel No .  97 )

I ns t ruc to r
Visibility Remarks

Repeate r  me te r

Only 18 parameters  are moni tored;
swi tch  pos i t i ons  3 ,  4 ,  9 ,  10 ,  11 ,  and

Repeater  1t 12 on B se lec t ion  wil l  resul t  in no
reading on vo l tmeter .

Repeater 1t

Repeater 1t
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LEFT-HAND AND LEFT-HAND FORWARD EQUIPMENT BAYS,

The lef t -hand and lef t -hand forward equipment bays of the SE-012 AMS
contain the panels associated with the environmental cont ro l  sys tem s imula-
tion. Also located at the lef t -hand forward  equipment bay is the clock and
event  t imer panel.

The fol lowing pa rag raphs  i l l us t ra te  and desc r i be  the funct ions assoc i -
a ted with each panel.

Clock  and Event  T ime r  Panel.

Figure 1-52 i l lus t ra tes  the SCM equivalent of the S/C clock and event
t imer  pane l .  The re  is no IOS repea te r  for  th is  panel.

Table 1 -44  de f ines  the funct ion o f  the t ime rs  and c l ock .
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SM-6T-2-02-358

F igu re  1 -52 .  Clock and Event  T ime r  Panel (Spacecra f t  Panel No.  66)

Table 1-44. Clock and Event T imer  Panel (S/C Panel No. 66)

Key Nomenclature

1 GMT c lock

2 TO EVENT t imer

3 FROM EVENT t imer

1-210

Function

Mechanica l  24 -hou r  c l ock
i nd ica t ing  GMT,

Mechanical  t imer  used to
ind icate  t ime to upcoming
event  w i th in  10 -hou r  |

pe r i od .  |

Mechanical t imer  used  to
ind ica te  t ime f rom event
within 10 -hour  pe r iod .

I ns t r uc to r
Visibility

(C /M  only)

(C/M only)

(C /M  only)

Remarks
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® 1 .3 .5 .2  ECS Component Location.

F igure  1-53  i l lus t ra tes  the SCM equivalent of the spacecraf t  environ-
mental cont ro l  system cont ro ls  and d isp lays.  The IOS repea te rs  of these
controls are shown in f igure 1-54.

Table 1-45  desc r i bes  the function and ins t ructor  visibility to the status
of each contro l  and display.
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Figure 1-53. ECS Components Locat ion

1 -213 /1 -214



SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK
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Figure 1-54, ECS Valve Posi t ion  Indicator
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Nomenc la tu re

MANUAL O,  METERING
VALVE

OPEN

CLOSED

PLSS SUPPLY VALVE

SUIT EVAP water control
valve

Heat (CCW)

COOL

GLYCOL EVAP TEMP IN
valve

COOL

CABIN TEMP con t ro l
valve

H (heat)

C (coo l )

perature of wa te r -g lyco l

Tab le  1 -45 ,

Instructor
Function Visibility

Repeater
indicator

Increases f low of O ,  into
su i t  c i r cu i t .

I so l a tes  su i t  c i r cu i t  f rom
manual Oo, supply .

Manual shutoff valve con-  BACK PACK
tro ls  f i l l ing of  PLSS back-
packs with oxygen from i nd ica tor
supply in surge tank.

Manual backup mode posi-  SUIT EVAP IN-
t ion of suit  heat exchanger
wa te r  cont ro l  valve to
i nc rease  suit temperature.

Manual backup mode pos i -
t ion of sui t  heat exchanger
wate r  control  valve to
dec rease  su i t  temperature.

Manual backup mode pos i -
t i on  of wate r -g l yco l  temp-  CONTROL

VALVE
enter ing  evaporator.

Manual backup mode posi-
tion of wa te r -g l yco l  temp-
erature con t ro l  to decrease
temperature of water-
glycol en te r i ng  evaporator.

CABIN TEMP
CONTROL
VALVE

Manual backup mode posi-
t ion of cabin temperature
control  valve to i nc rease
cabin temperature .

Manual backup mode pos i -
tion of cabin temperature
control  valve to dec rease
cabin temperature ,

ECS Component  Panels

SHUTOFF VALVE

FLOW CONTROL
VALVE i nd i ca to r

‘GLYCOL TEMP

Remarks

NOTE

The descr ip t i ve  t i t le l i s t ed  under
Nomenclature per ta ins to the i tem
l o ca ted  within the SCM.  The desc r i p -
t ive t i t le under  Ins t ruc tor  V is ib i l i t y ,
where d i f fe rent ,  pertains to the item
repeater ind icat ion at the IOS.

Control  i s  l oca ted  on SCM pane l  No.
24. (See f igure 1 -35 ,  i tem 7.)

Not simulated.

Rotat ion counterclockwise (CLOSED)
resu l ts  in proportional i nc rease  in
suit temperature as indicated by
TEMP-SUIT  me te r  on SCM panel
No. 13.

Rotation toward COOL pos i t i on
(OPEN) resu l t s  in  proport ional
dec rease  in  suit  temperature as
ind icated  by TEMP-SUIT meter  on
SCM panel No. 13,

Water -  g lyco l  temperature moni tored
on GLY-EVAP-TEMP OUT me te r  on
SCM panel No. 13.

Cabin temperature moni tored  by
TEMP- CABIN meter  on SCM panel
No, 13,



Key

11

Nomenclature

Su i t  connec to r  valves

OFF

CABIN FLOW

SUIT FULL FLOW

CO, ABSORBER IN  PLACE
ind icator  (IOS only)

NO. 1

NO, 2

POTABLE TANK SHUT-
OFF valve

ON

OFF

OVERBOARD PRESSURE
RELIEF valve

1 and 2

OFF

SPARE

WASTE TANK SERVICING
SHUTOFF valve

ON

SM6T-2-02
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Function

One fo r  each  su i t  s ta t ion,

Closes va lve ,  shutting off
flow of oxygen to su i t  con-
nec to r .

Part ial ly opens valve, pe r -
mi t t ing  oxygen flow at a rate
compat ib le  to metabol ic
requirements of one c rew-
man.

Fully opens valve, permi t -
t ing oxygen flow to sui t  at a
rate compatible to metabolic
requirements of one c rew-
man,

Indicates No .  1 can is te r  i s
in  p lace i n  SCM.

Indicates No. 2 can is te r  is
in  p lace in SCM,

Permits flow of wa te r  from
fuel ce l ls  into potable water

Shuts off  f low of  wa te r  f rom
fuel ce l ls  into potable water
tank,

Di rec t s  f low of  excess po ta -
ble or waste water to No. 1
and No. 2 overboard
p ressu re - re l i e f  va l ves .

Directs f low of excess
potable or waste wa te r  to
No. 1 overboard  p ressu re -
re l i e f  valve.

Shuts off flow of excess
potable and waste water to
No. 1 and No. 2 overboard
p ressu re - re l i e f  valves.

D i rec t s  flow of excess pota~
ble or waste water  to No. 2
overboard  pressure-~- re l ief
valve.

No function.

Permi ts  f low of  water  into
waste tank f rom ground serv-

icing connect ion,

Table 1 -45 .  ECS Component Panels (Cont)

I ns t r uc to r
Visibil i ty

SUIT CONNECT-
ED repeater lt

Repeater 1t

WATER PRESS
RELIEF 1t

1 and  2

WASTE WATER
DRAIN indicator

OPEN

Remarks

Flow gages moni tor ing sui t  a i r  f low
a re  l oca ted  on 10S panel No .  2.

Indicator enables I /O to be cogni-
zant that t ra inee has physically
removed CO) canisters.
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Table 1-45. ECS Component Panels (Cont)

Ins t ruc tor
Key Nomenclature Function Visibility

OFF Shuts off f low of water  into
was te  tank f rom ground
serv ic ing connect ion,

12 WASTE WATER S /M POTABLE
SHUT-OFF valve WATER RELIEF

ind icator

ON Permits flow of water  from
fuel ce l ls  into waste water
tank when re l ie f  valve
differential p ressu re
reaches 6, 0X0, 5 psi .

OFF Shuts off flow of water  f rom
fuel ce l ls  to differential
p ressu re  re l ief  valve and
waste water  tank.

13 | H,0 ACCUMULATOR WATER
valves ACCUMULATOR

indicators

Valve 1 SELECTOR A

MAN Routes regulated oxygen BYPASS
(100+10 ps ig)  to No. 1
cyc l ic  accumula to r ,  by-
pass ing  so leno id  shutoff
valve,

OFF Shuts off regulated oxygen
to solenoid shutoff valve
and bypass l ine to No, 1
cycl ic accumulator,

RMTE Routes regulated oxygen SOL
to solenoid shutoff valve
to No. 1 cyclic accumulator)

Valve 2 SELECTOR B

MAN Routes regulated oxygen BYPASS
(100+£10 ps ig)  to No. 2
cycl ic  accumulator ,  by-
pass ing  so leno id  shutoff
valve.

OFF Shuts off regulated  oxygen
to so leno id  shut-of f  valve
and bypass l ine to No. 2
cyc l ic  accumulator .

RMTE Routes regulated oxygen to | SOL
solenoid  shutoff valve of
No.  2 cyclic accumulator.

14 WATER SUPPLY valve POTABLE
WATER-DIVER-
TER 1t

HOT Directs hot water (154%4°F)} HOT
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- Table 1 -45 .

Key Nomenclature

COLD

15 | GLYCOL ACCUMULATOR
valve

(ON) CCW

OFF

16 DRINKING WATER
SUPPLY valve

ON

OFF

17 Deleted

18 Cabin b lower  valve

19 GLYCOL RESERVE valve

ON

OFF

20 GLYCOL PRESS RELIEF
BYPASS va lves

Valve 1

ON

OFF

Valve 2

ON

SMé6T=-2-02

Funct ion

Di rec t s  cold wate r  ( 50 °F )
f rom wa te r  ch i l l e r  to food
reconst i tu t ion  nozz le .

Perm i t s  f low of  wa te r -
glycol from sys tem to
wa te r -  g lycol accumulator.

Shuts off f low of wa te r -
glycol  f rom sys tem to
wa te r -g l yco l  accumulator.

Permi ts  flow of potable
wate r  to water  de l i ve ry
unit,

Shuts off f low of potable
water  to water del ivery
unit ,

Manually opera ted  shut ter
for  ad jus t ing  d i rec t i on  of
cabin b lower  airflow.

Permi ts  flow of wa te r -
glycol  from rese rvo i r  into
sys tem.

Shuts off flow of water -
g lycol  from rese rvo i r  into
sys tem.

Permi ts  flow of wa te r -
glycol to No. 1 water -g lyco l
p ressu re - re l i e f  valve.

Shuts off f low of  wa te r -
glycol to No. 1 water -g lyco l }
p ressu re - re l i e f  valve.

Perm i t s  f low o f  wa te r -
glycol  p ressu re -  relief
valve.

ECS Component Panels (Cont)

I ns t r uc to r
Visibility

COLD

GLYCOL ACCUM
ISOLATION 1t

OPEN

POTABLE
WATER-
DRINKING
ind icator

DEMAND

THERM RET
OPEN It

CABIN BLO
CLOS i nd i ca to r
l and  2

GLYCOL PUMP
BYPASS ind i ca to r

OPEN

GLYCOL SHUT-
OF F- VALVES-
RELIEF i nd i ca -
t o r s

1 OPEN

2 OPEN

No function: control de leted f rom
SE-012  AMS SCM
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Table 1-45. ECS Component Panels (Cont)
Instructor :

Key Nomenclature Function Visibility Remarks

OFF Shuts off f low of water-
glycol to No. 2 wa te r -g l yco l
p ressu re - re l i e f  valve,

21 CO;  and odo r  absorber  I nd i ca tes  wh ich  one o f  two SUIT C IRCUIT-  Units a re  no t  funct ional  within
d iver ter  valve can is ters  is  in circuit sui t .  | CO ABS 1 and 2 sys tem.

ind ica to r  1t

22 | GLYCOL RESERVOIR - GLYCOL SHUT-
BYPASS valve OFF VALVES -

RESERVOIR
indicator

OPEN Opens bypass l ine permit-  | BYPASS OPEN
t ing flow around water-
glycol reservo i r .

CLOSE Closes bypass line that
permi ts  flow around water-
glycol reservo i r .

23 GLYCOL RESERVOIR - GLYCOL SHUT-
OUTLET  valve OFF  VALVES -

RESERVOIR
indicator

OPEN Permi ts  flow of water -  OUTLET OPEN
glycol from outlet of
r ese rvo i r  into sys tem.

CLOSE Shuts off flow of water-
glycol from outlet of
r ese rvo i r  in to sys tem.

24 SUIT CIRCUIT RETURN Repeater
AIR CHECK VALVE ind ica tor

O Permi ts  f low of  cabin OPEN
gases to enter  suit circuit
for p rocess ing .

C Provides iso la t ion  between
sui t  c i r cu i t and  cabin a tmos -
phere and will prevent con- |

taminat ion of suit circuit.

25 GLYCOL RESERVOIR -~ GLYCOL SHUT-
INLET valve OFF VALVES -

RADIATOR
i nd i ca to r

OPEN Permits  flow of water-glycoll RETURN OPEN
from sys tem into reservo i r .

CLOSE Shuts off f low of water -
glycol from sys tem into
r ese rvo i r ,

26 GLYCOL TO RAD valve GLYCOL SHUT-
OFF VALVES -
RADIATOR
i nd ica to r

OPEN Permits flow of water-  INLET OPEN
glycol f rom C /M into space
radiators in S /M
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SM-6T-2-02-1398

F igu re  1 -29 .  Antenna Contro l  System Panel (Spacec ra f t  Panel  No. 19)

Table 1-22. Antenna Control  System Panel (S/C Panel No. 19)

I ns t ruc to r
Key Nomenclature Function Visibility Remarks

1 S-BAND ANT meter Displays magnitude of Repeater  mete r
rece ived  USBE-AGC signal .

2 FLIGHT QUAL RCDR sw

RECORD Activates flight qualification] Repeater  1t Fl ight qualif ication recorder  not
r eco rde r  to r eco rd  flight included in AMS configuration.
qualif ication instrumenta-
t ion data.

STOP Deact iva tes  flight qual i f ica- | Repeater  1t
t ion r eco rde r .

REWIND Activates flight qualification] Repeater  1t
r eco rde r  i n  r eve rse  d i r ec -
t ion to rewind tape.
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F igure  1 -30 .  Communicat ions Cont ro l  Subpanel (Spacecra f t  Panel No.  20)

1 -122



SMé6T=-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

1 .3 .1 .19  S /C Pane l  No .  20.

F igures  1-30 and 1-31 i l lus t ra te  the SCM equivalent of S/C panel No. 20
and its associated  IOS repeate r  pane ls .  The contro ls  on this panel are asso-
c ia ted  with the communicat ion,  ins t rumentat ion,  and the se rv i ce  p ropu l s i on

sys tem s imula t ion.

Tab les  1-23 and 1-24  def ine the funct ion and i ns t r uc to r  v i s ib i l i t y  to the

set t ing of each of the controls.
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Table 1-23. Communications Control  Subpanel (S/C Panel No. 20)

Key Nomencla ture

1 S-BAND sw  XPONDER -
OFF  - XPONDER PWR
AMPL sw

XPONDER

OFF

XPONDER PWR AMPL

2 PWR AMPL sw

HIGH

LOW

3 OSC sw

PRIM

SEC

4 VOICE

RNG - RNG ONLY sw

RNG

OFF

RNG ONLY

5 VOICE

TAPE - ANALOG sw

TAPE

OFF

ANALOG

1-124

Funct ion

Activates USBE trans-
ponder and appl ies power
to S-BAND ANTENNA sw.

Removes power from trans-
ponder ;  removes power
from S-BAND ANTENNA
SW.

Activates USBE transponder,
appl ies power to S-BAND
PA and S-BAND ANTENNA
sw,

Selects  20-watt output mode
of S-BAND PA,

Selects  5-watt  output mode
of S-BAND PA,

Selects pr imary osci l la tor
for use with USBE trans-
mit ter ,

Selects secondary  oscillator
for  use  with USBE trans-
mitter,

Selects ranging, PCM
telemetry, and voice modes
in PMP,

None.

Se lec ts  voice mode in  PMP;
se lec ts  ranging and PM
modes i n  USBE,

Selects tape, voice, and
PCM telemetry modes in
PMP;  se lec t s  FM mode in
USBE

None.

Selects real t ime analog
data, vo ice,  and PCM
telemetry in PMP; se lects
FM mode in USBE,

Instructor
Visibility

Repeater 1t

Repeater  1t

Repeater  1t

Repeater  1t

Repeater l t

Repeater  1t

‘Repeater I t

Repeater  1t

Repeater  1t

Repeater  1t

Remarks

Power output is 200 milliwatts in this
mode .

Power output in  this mode governed
by posit ion of PWR AMPL sw,

PWR AMPL is effective only when
XPONDER - OFF XPONDER PWR
AMPL sw is i n  XPONDER PWR
AMPL posit ion,
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® 1 .3 .6  SIMULATOR CONTROLS AND DISPLAYS.

Those  IOS con t ro l s  and d isp lays  that a re  other than spacec ra f t  repea te r
ins t ruments  can be genera l l y  ident i f ied in  two groups.

e Those  cont ro ls  and d i sp lays  used  by  the i ns t r uc to r -ope ra to r  to operate
the simulator and moni tor  the status of s imulator  systems.

e Those d isp lays ,  other than repeate r  instruments (and p rev ious ly  descr ibed
supplementary d i sp lays ) ,  that a re  used  by the i ns t ruc to r  - ope ra to r  to moni-
tor  c rew  act iv i t ies .

The IOS panels containing such s imulator  cont ro ls  and d isp lays  are
identif ied in the fol lowing i l lustrat ion. Contro ls  and ind icators  loca ted  thereon
are functionally desc r ibed  in the assoc iated tables.

1 .3 .6 .1  Simulator Status Panel  (Panel 48),

Status ind ica to rs  l oca ted  on the IOS p rov ide  a g ross  and rap id  ver i f i ca-
t ion of al l  significant AMS components and subsystems. This panel is i l lustrated
in  f i gu re  1 -55 .  The funct ion of  each  indicator  is  l i s t ed  i n  table 1 -46 ,

1 .3 .6 .2  Simulator Control  Panel  (Pane l  46).

The controls l oca ted  on the s imulator control  pane l ,  i l lus t ra ted i n
f igure 1-56, pe rmi t  the inst ructor  to per form the fol lowing:®

Star t  or stop the simulated m iss i on  at any point.
Rese t ,  then r es ta r t ,  the s imulated m iss i on  at spec i f i c  points,
Advance the m iss i on  to a new point at acce lera ted t ime.
Store  pa rame te rs  rep resen t i ng  ini t ia l  condi t ions into memory.
Control  the X-T reco rds .

The functions of each control and indicator on this panel are described in
table 1 -47 ,
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10

11

12

13
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77
1 2 3 4 5 6 7 8 9 10

Nomenclature

SIMULATOR STATUS

SPARE

SPARE

VISUAL SYSTEM 1t

TRUE TRAINEE
ENVIRONMENT 1t

COMPUTER STATUS 1t

SPARE

MAINTENANCE IN
PROGRESS 1t

PERIPHERAL POWER 1t

CABINET OVERHEAT 1t

DATA CONVERSION 1t

SPARE

SPARE

SMé6T-2-02
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aay
1m 12 13

SM-6T-2-02-106B

Figure 1 -55 .  Simulator Status Panel

Table 1 -46 .  Simulator Status Panel

Function

When on,  ind icates malfunction i n  window
display and SXT/SCT.

When on,  ind ica tes  malfunction i n t r a i nee
environment systems.

When on, indicates any computer i s  off
or in HALT condition

Indicates maintenance is being performed
on AMS,

Indicates malfunction in  power supp l ies
to per iphera l  equipment.

Indicates insufficient cool ing in cab inets .

Indicates malfunction in  power  suppl ies
for data conversion equipment (DCE).

Remarks

~

®

Prov ides a summary indication of the
displays on IOS panel No, 1.

Indicates. low air  f low and/or excessive
cabin out let  o r  suit inlet a i r  temperature.

Activated manually by  maintenance crew
at power cabinets.

Accompanied by warning horn  at IOS and
unit 34.
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INITIAL
PRE LAUNCH - r— SIMULATOR MASTER CONTROL ————n COND CALL uP

7 X=T RECORDER == —F

|

/ e—

1
SM=6T-2-02-107C

Figure 1 -56 ,  | Simulator Control Panel
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Nomenclature

PRELAUNCH

READY /GO sw-1t

HOLD sw-1t

RECYCLE sw-1t

SIMULATOR MASTER
CONTROL

READY/RUN sw-1t

FREEZE sw-l1t

STEP AHEAD sw-l1t

STORE sw-1t

RESET sw-1t

X-T RECORDER -
RECORD sw-1t

Mark P /B

INITIAL COND CALL UP
thumbwheels

SM6T-2-02

Table 1 -47 .  Simulator Cont ro l  Pane l

Funct ion

Spl i t - level  indicator. Switch act ion
i l luminates READY 1t and i s sues  go
command to computer ,  Computer s ignal
extinguishes READY 1t and illuminates
GO 1t when m iss ion  is in go condition.

Will inhibit dynamic simulation at point
of dep ress ion .  Real  t ime simulation
(procedura l )  not involving integrations
can be accompl ished,  Malfunctions may
be inse r ted  through either MIU or C /B .
To / f rom launch clocks are s topped,

Wil l  remove inhibit imp ressed  by HOLD
function and rese t  dynamic simulation to
T - 60 -second  point. Initiation of simu-
lation returns to GO function.

Spl i t - leve l  indicator .  Depressing sw
enters  run command to computer and
illuminates READY 1t. Computer signal
extinguishes READY l t  and illuminates
RUN 1t when m iss i on  is  in run condit ion.

Stops al l  simulation. No real  t ime nor
dynamic simulation capabilities exist in
this state,

Enables simulat ion to step ahead to p re -
sc r ibed  point  in  t ime,  as speci f ied,  at
other than rea l  t ime rates.

Enables record ing of set b lock of memory
(pa ramete rs )  to be used on new rese t
(s tar t )  point.

Causes computer  to read in initialization
parameters  as defined by INITIAL
CONDITION CALL UP thumbwheels. At
complet ion of this function, t ra iner  is
returned to f reeze condit ion,

Per ta ins to X -T  reco rde rs .  Permits
individual cont ro l  o f  X -T  reco rde rs  f rom
their separate  pane ls .  When dep ressed
(OFF) ,  ove r r i des  individual contro ls and
p laces X -T  reco rde rs  in standby.

P laces  a mark  alongside each parameter
being recorded  on the X-T  recorder.

Three octa l  thumbwheel d ig iswi tches that
select  set of initial conditions to which
AMS is  r ese t .

Remarks
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1 .3 .6 .3  Lighting Controls.

The individual work  s ta t ions  for  the IOS are p rov ided  with conso le
l ighting con t ro ls .  Console l ighting f ixtures are recessed  in the hood areas
overhead ,  prov id ing floodlighting through styrene di f fuser pane l s .  Six con-
t ro l  pane ls ,  one of which is i l lus t ra ted i n  f igure 1 -57 ,  are p rov ided  for
variable control  of floodlighting and panel l ights.  These are functionally
descr ibed  in table 1-48.
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1 INDICATOR LIGHT
INTENSITY control

2 FLOOD LIGHT
INTENSITY control

3 EMERGENCY
SIMULATOR -~ STOP
sw- l t

4 | EMERGENCY - C/M
LIGHTS - ON sw- l t

1-230
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INDICATOR
LIGHT INTENSITY

LO Hl

FLOOD .
LIGHT INTENSITY

———EMERGENCY ———RGE
C/M LIGHTS SIMULATOR=

@
/ /

4 3
SM-6T-2-02-1088

Figure  1-57, Lighting Control  Panel

Table 1-48. Lighting Control  Panel

Function Remarks

Variable control for lt intensity set t ing.

Var ies  intensity of overhead l ighting.

Causes trainer to per form emergency
shutdown process.

Prov ides  egress  l ighting within SCM in
event of power loss.
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Each of the th ree ins t ruc tor  stat ions is equipped with a bidirectional
t imer ,  as i l lustrated in figure 1-58. These are intended for use by the

Per fo rmance T imers .

i n s t r uc to r -ope ra to r s  in  timing var ious  c rew  ac t i v i t ies  and s imulated events.
A functional desc r i p t i on  of the per formance t imer  is p rov ided  in  table 1 -49 .

2 3 4
\ \ \
1) \

\
AY—\ PERFORMANCE TIMER

= J o
000

SM-6T-2-02-109C

P

R
= E

= S
E

COUNT | | T
DOWN

— —

Figure 1-58. Per formance T imer  Panel

Table 1 -49 .  Per fo rmance T imer  Panel

- Funct ion RemarksKey Nomenclature

PERFORMANCE TIMER

1 COUNT DOWN sw-1t

2 COUNT UP sw-1t

3 STOP sw-1t

4 Digital thumbwheel

Depress ing  sw-1 t  causes
counter to count down from
var iab le  se t t i ng .

Dep ress ing  sw-1 t  causes
counter  to count  up f rom
var iab le  se t t i ng .

Stops coun te r .

P rov ides  con t ro l  for  set t ing
of des i r ed  t ime f rom 0 to
999. Indicates elapsed
time f rom init ial set t ing.
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1 .3 .6 .5  Computer Status Panel.

The compute r  s tatus panel ,  i l lustrated in  f igure 1 -59 ,  p rov ides  the
ins t ruc tor  with an indicat ion of the s ta tus  of the per iphera l  equipment asso -
ciated with the computer system, Table 1-50 prov ides a functional desc r i p -
tion of each indicator on this panel.

y— PAPER TAPE ——
READER PUNCH

ON
LINE

TYPEWRITER |

———

NT |
8 .  CARD PUNCH TT

BUSY

f f  MAGNETIC TAPE UNITS ————————1 2 3 4

SM-6T-2-02-1108

Figure  1-59. Computer Status Panel
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Nomenclature

Table 1 -50 .  Computer  Status Panel

Funct ion

DIGITAL COMP POWER ON| Indicates power has been appl ied to
1t

DIGITAL COMP HALT 1t

PAPER TAPE-READER -
ON LINE 1t (3)

PAPER TAPE-PUNCH -
ON LINE 1t (3)

TYPEWRITER 1, 2, AND
3 - ON LINE 1t

MAGNETIC TAPE UNITS -
1, 2, 3, AND 4 -
BUSY 1t

HI-SPEED PRINTER -
BUSY 1t

CARD PUNCH-BUSY I t

CARD READER-BUSY 1t

re lated computer .

Indicates related computer is in  halt mode,

Indicates paper  tape reader  is being used
by program,

Indicates paper  tape punch is being used
by computer p rogram.

Indicates re la ted  typewri ter  is being used
by p rogram.

Indicates related magnetic tape unit (MT U)
is being used by program,

Indicates pr in ter  is being used by
program,

Indicates punch is being used by program,

Indicates ca rd  reader is being used by
program,

Remarks

Only computer C tape reader/punch on-
line indicator operational on SE-012,

Same as i tem 3.

Not operational on SE-012 ,

Not operat ional  on SE-012 ,

Not operational on SE-012 ,

Not operational on SE-012 ,
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Reco rde r  and P lo t te r  Panel.

The ins t ruc to r  is  p rov ided  with remote  control  of the X -Y  and X -T
p lo t te rs ,  F igure  1-60 i l lus t ra tes  the panel which enables this contro l .  In
addit ion to the pen r eco rde rs ,  cont ro ls  are  a lso  included for  the IOS audio
tape r eco rde r ,  This inst rument ,  independent of the S/C data s to rage
equipment (DSE) ,  al lows continuous reco rd ing  of a complete t raining
exe rc i se .  Functional desc r ip t ions  of  the cont ro ls  and ind ica tors  on this
panel are l i s t ed  in table 1 -51 .
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pm X~¥ PLOTTERS

NOC. 1 NC
PEN | PEN 2 PEN t

r— X-T RECORDERS

NQ. 1 NO, 2

p r  VOICE RECORDER

RECORDING—_——

SM-6T-2-02-111C

® Figure 1-60, Recorder  and Plotter Panel

Table 1 -51 ,  Reco rde r  and P lo t te r  Panel

Key Nomenclature Function Remarks

1 X-Y  PLOTTERS-NO,  1 AND [Places reco rder  pens on writing sur face .
NO, 2 - PEN 1 AND PEN 2 -
DOWN sw-1t

2 X -T  RECORDERS NO, 1, tops r eco rde r  operat ion. ‘Operates in  conjunction with X -T
NO, 2 and NO, 3 - READY RECORDER sw-1t on panel No. 46,
sw-1t

X-.T RECORDERS NO, 1, Permi ts  remote start of recorder
NO, 2 and NO, 3 - ON pperat ion,
sw-1t

3 VOICE RECORDER - Indicates audio tape recorder  is using las t
LAST CART 1t lavailable empty cartr idge.

VOICE RECORDER -
RECORDING

4 VOX CONT sw-1t  Enables audio tape recorder  to operate in
conjunction with vo ice-operated relay.

5 CONT sw-1 t  Prov ides continuous record ing on audio
tape reco rde r .

6 OFF  sw- l t  P rov ides  power  control for  KRS audio
tape recorder ,
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True  T ra inee  Environment Panel.

This panel p rov ides  the ins t ruc tor -opera tor  with both monitor and
control  capabil i ty for the environmental condit ions for the suits at each of
the three SCM stat ions and the SCM cabin. Indicators and contro ls  are for
the actual environment and are complete ly  independent of the s imulated
environmental contro l  sys tem (ECS) ,  Also inc luded are  i ns t ruc to r -ope ra to r

cont ro ls  for the s imulator  smoke genera to r  sys tem and the aural  s imulat ion

sys tem.

The aural  cue s imulat ion sys tem rep roduces  those characteristic |

sounds of an Apol lo m i ss i on  that are external to communications and sounds
normally heard in the headsets. These sounds are produced  in a speaker in
the SCM as a function of the event  and t imer  under p rog ram cont ro l .  A
ta lk-back ind icator  d isplaying no i se  l eve l  is p rov ided  on the IOS, The ins t ruc -
tor  may  ove r r i de  the p rog ram and manually cont ro l  the dec ibe l  l eve l  of no i se
within the SCM,  Wi th  the except ion  of an ON-OFF cont ro l ,  the ins t ruc tor
has no other  inputs to the aural  cue sys tem.  F igure 1 -61  i l lus t ra tes  the
cont ro ls  and d isp lay ,  and table 1 -52  p rov ides  a functional desc r i p t i on  of each
contro l  and d isp lay .

The smoke generator  system contains a nontoxic l iquid smoke, a
heater  uni t ,  and an auxiliary b lower .  Smoke is p roduced  by heat ing the
l iquid smoke and ducting it through the AMS environmental contro l  sys tem
ai r  condit ioning duc t s .  This funct ion is  under  p rog ram contro l  with i ns t ruc -
tor  ove r r i de  to inhibit smoke genera t ion .  Init iat ion of the smoke genera to r
sys tem can be accomp l i shed  manually through the MIU in  conjunct ion with
spec i f i c  mal funct ions,  Contro ls for th is sys tem are depic ted i n  f igure 1 -61
and functionally desc r ibed  in table 1-52,

Va 7 Vi J 4

TRUE TRAINEEee  / va

COMMAND MODALE

TEMPERATURE HUMIDITY NOISE
LEVEL

— SMOKE ——
GENERATOR

p sum
are dw

NO.1 NO,2 NO.3 NO.¢ PRESSURE

S p> A

8OVERRIDE db
SUIT  PRESSURE ——————— RE-ENTRY HEAT omy push 10 l l

OVERRIDE
AUTO

/
11

VAR / /
16 15 14 13

Figure l=61., True Tra inee Environment Panel
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Table  1 -52 .

Nomenclature

SUIT -A IR FLOW - NO,  1,
NO,  2, NO,  3,  and NO.  4
mete rs

SUIT -PRESSURE meter

SUIT-TEMPERATURE °F
X10  meter

MAN TEMP 1t

COMMAND MODULE -
TEMPERATURE °F x 10
meter

COMMAND MODULE -
HUMIDITY % x 10 meter

COMMAND MODULE -
NOISE LEVEL meter

SMOKE GENERATOR -
PUSH TO OVERRIDE sw-1t

SMOKE GENERATOR -
OPERATING 1t

SMOKE GENERATOR
FLUID LOW 1t

AURAL SIMULATION -
OVERRIDE db control

AURAL SIMULATION -
ON OFF sw

RE-ENTRY HEAT
OVERRIDE control

SUIT PRESSURE - INSTR -
SERVICE sw-1t

SUIT PRESSURE sw

AUTO

LO

HOLD

AIR FLOW LOW 1t

Function

Indicates actual a i r  f low through each
p ressu re  suit,

Indicates suit  p ressure  at suit inlet
manifold.

Ind icates temperature at sui t  inlet
manifold,

Indicates cabin and/or  sui t  temperature
contro l  t ransfer red from computer to
manual control.

Indicates actual SCM temperature.

Indicates actua l  SCM humidity.

Indicates actual SCM noise,

Prevents operat ion of smoke generator
when dep ressed .

Indicates that smoke generator  is
operat ing

Indicates low-liquid smoke l eve l  for
smoke generator .

Over r ides  computer init iated aural
s imula t ion.  Blue l t  in cen te r  illuminates
when knob is not in  normal pos i t ion.

Prov ides  manual ac t iva t ion  o f  aural
simulation cont ro ls .

Prov ides  a remote over r ide  of computer-
control led SCM cabin temperature.

Alternate-action sp l i t - l eve l  sw- l t
indicating whether instructor or mainte-
nance personnel has control of sui t
p ressu re  sys tem.

Prov ides  automatic cont ro l  of  su i t
p ressu re  sys tem by  computer,

Provides 0,5 ps ig sui t  inlet p ressu re .

Prov ides  contro l  for  holding suit p res -
sure at any point between 0,5 and
5.0 ps ig .

Prov ides 5.0 ps ig  su i t  inlet pressure.

Indicates air flow through suit circuits is
below normal,

True  Tra inee  Envi ronment  Pane l

Remarks

No. 4 meter  not implemented on SE-012,

Used during cal ibrat ion or maintenance.
Control led from environmental control
panel on SCM base.

Duplicate controls on SCM base
enable se rv i ce  personnel to take
control  of s ys tem,

Desired pressure is obtained by
using HI  or  LO sw.
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1 ,3 .6 .8  Visual Systems Status Display.

This panel p rov ides  operat ional  status and malfunction detect ion  data
on the v isual  systems to the. i ns t ruc to r -opera to r .  The panel is i l lustrated in
f igure 1-62, and each indicator is functionally desc r ibed  in table 1-53.

>
- AN

NR / A VISUAL SYSTEM STATUS: \
SERNvO SYSTEA AS

No WINDOAEN \
Tr  4

MEP
r -

COMPUTER | COMPUTER

ANU

— 4
STARFIELD STARFIELD STARFIELD . } ve

|[comeures
MANUAL MANUALli | |manuai|

AiR MODEL RV. DISPLAY @®
— FAL — COMPRESSOR SUN LAMP [4 SWEEP LO5S \ poh we Te

eo  ]NO. 1 NO. 2 | | 5 L
NO. 1 NC, 2 FAIL FAIL

NO, # NO. 5
1 H |

SM-6T-2-02-114C

Figure 1 -62 .  Visual System Status Panel
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Nomenc la ture

SERVO SYSTEMS -
WINDOWS

MEP COMPUTER -
MANUAL 1t

SERVO SYSTEMS

TELESCOPE - MEP -
COMPUTER - MANUAL
1t

SERVO SYSTEMS

SEXTANT COMPUTER -~
MANUAL 1t

R.V .  - COMPUTER -
MANUAL I t

400 CPS POWER -
FAIL 1t

DC POWER FAIL I t

R.V .  DISPLAY SWEEP
LOSS - NO. 1 and
NO. 2 1t

MODEL SUN LAMP -
FAIL 1t

AIR COMPRESSOR -
SAFE - FAIL I t

LAMP FAIL 1t

STARFIELD -
COMPUTER - MANUAL
1t

Table 1 -53 ,

SM6T-2-02

Funct ion

Indicates that assoc ia ted  MEP is  e i ther
under computer  o r  manual con t ro l .

Indicates that te lescope  MEP is e i ther
under computer or manual cont ro l ,

I nd i ca tes  that sextant i s  either under
computer or manual control.

I nd i ca tes  that rendezvous  image
genera to r  is e i ther  under computer or
manual cont ro l ,

Indicates fa i lure of 400 -cps  power
supply.

Ind ica tes  a fa i lure of d-c power  supply.

Indicates sweep loss ( fa i lure)  in
rendezvous image genera to r  sys tems .

I nd i ca tes  fa i lure of  rendezvous  mode l
sun source  lamp.

Ind ica tes  operat ing  status of a i r
compresso r ,

Ind ica tes  lamp fai lure in each of
window or te lescope  d isp lay systems,

I nd i ca tes  that r e l a ted  starfields a re
e i ther  under computer or manual cont ro l .

Visual  System Status Panel

Remarks

Window 3 ind ica to rs  not implemented
except for  light test  on SE-012 ,
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Up-Data  Link Panel.

The up-data  l ink panel p rov ides  the ins t ructor  with the means of
simulating the transmittal  of up- te lemet ry  information during a non-
i n teg ra ted  t ra in ing sess ion .  During an in tegra ted m iss i on ,  the panel  accep ts
and routes the te lemetry data rece ived  f rom the MSCC, In both cases, the
instructor  has the capabil i ty of introducing faults or inser t ing er roneous
data.

In  addit ion, the ins t ructor  mus t  a lso  use the up-data link keyboard
and cont ro ls  to inform the AMS computer  complex as to the identi ty of the
s ta r  or  s t a r s  and landmarks that the t ra inee is us ing  for navigat ion pu rposes .

The identity and function of each control and d isp lay  in  the up -da ta
link panel are p rov ided  in f igure 1-63 and table 1-54,

UP DATA LINK

~~  MODE ==
= ——r—

Te—— cc INmomtn

oo
mie—
5

Te —

"~=T
8 SM-6T-2-02-115C

Figure 1-63, Up-Data Link Panel
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Nomenclature

MODE

NON- INT sw-1 t

INT sw-1t

NON-INTEGRATED

NOUN sw-1 t

VERB sw-1 t

ENTER sw-1t

CLEAR sw-1t

KEYBOARD momentary
contact P /B

NON-INTEGRATED

+ (p lus)  sw-1t

- {m inus)  sw-1t

KEYBOARD CLEAR
sw-1 t

INTEGRATED

MESSAGE RECEIVED
1t

NON~INTEGRATED |

DISPLAY DATA sw- l t

INTEGRATED

NEXT MESSAGE
FAILED 1t

NON-INTEGRATED

CTE sw-1t

INTEGRATED

FAIL NEXT MESSAGE
sw-~1t

NON-INTEGRATED

G&N sw-1 t

Table 1 -54 .  Up-Data Link Panel

Function ‘Remarks

Permi ts  ins t ruc to r  to input via keyboard
panel.

Enables UDL panel to operate in
conjunction with IMCC,

Identif ies word format for message.

Ident i f ies word  format for message ,

Ente rs  up-data  link (UDL)  digital key-
board information into computer .

C lea rs  UDL digital keyboard only.

Supplies 0 to 9 decimal digits for word
forming.

Algebra ic  code.

Algebraic code.

Unlatches system se lec ted  (above) and
rese t s  UDL pane l .

Indicates fai led message has been
t ransmit ted  more  t imes than i t  has
fai led.

Informs computer that data output is
requi red  and activates computer in ter -
face circuit.

Indicates that next message  has been
fai led,

Informs computer that upcoming
message  is CTE wo rd  and act ivates
computer in ter face circuitry.

Next message  af ter  sw closure wil l  be
fai led. Repeated dep ress ions  indicate
number of t imes  message  failed.

Informs computer that upcoming message
is G&N word  and act ivates computer
interface c i rcu i t ry .
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“Table 1 -54 .  Up-Data Link Panel (Cont)

Key Nomenclature Function Remarks

INTEGRATED

17 DCS FAIL sw- l t  Disables decode r  to simulate fa i lure to
ground t ransmiss ion  link,

NON-INTEGRATED

18 RTC sw-1t Informs computer that upcoming
message  is real t ime command word
and act ivates computer in ter face
circuitry,

19 KEYBOARD RELEASE Re leases  keyboard display.
sw-1t

20 ERROR RESET sw-1t Resets  UDL panel in case of inser t ion
of error.
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Vo ice  Communicat ions  In te r fe rence  Pane l .

The con t ro ls  l oca ted  on th is  panel  enable the i ns t ruc to r  to i nse r t  no i se
and garb le  ef fects  into voice t r ansmiss ion  by manual cont ro l .  This effect
enables  the s imulat ion of space communicat ion cond i t i ons ,  d i s tance ,  antenna
pos i t i on ,  and spacec ra f t  o r ien ta t ion .  The cont ro ls  are ident i f ied  in
f igure 1-64 and the funct ion of each contro l  is descr ibed  in table 1-55.

COMMUNICATIONS INTERFERENCE
O GROUND TO SPACECRAFT

la  VHF /AM

I / p

AN [—— GARBLE — —N

N 3 1s  3

SM-6T-2-02-1168B

F igu re  1 -64 ,  Vo i ce  Communicat ions In te r fe rence  Panel

Tab le  1 -55 .  Vo i ce  Commun ica t ions  I n te r f e rence  Panel

Key Nomenc la tu re  Funct ion Remarks

1 |GARBLE cont ro l  Va r i es  amount of ga rb le  on Blue l t  in  cen te r  i l luminates
VHF -AM,  HF ,  o r  S -BAND when no t  i n  OFF  pos i t i on .
up- l ink  vo i ce
commun ica t i ons .

2 | NOISE cont ro l  Va r i es  no i se  l eve l  on VHF- Same as 1.
AM,  HF ,  or  S -BAND up-
l ink vo i ce  commun ica t i ons .
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Figure 1-65. Console Communications Control  System Panel
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1 .3 .6 .11  Console Communicat ions System.

The cotisole communicat ions sys tem (CCS)  p rov ides  the ins t ruc to r -
operator  at the IOS with an assor tment  of ta lk - l i s ten  loops which enable him
to communicate with other AMS s ta t ions  at a l l  t imes  and other s imu la to rs
and MSCC/MSFN  act iv i t ies during in tegra ted s imula t ions.

The CCS in the AMS cons is ts  of six key -se t  and six t ra iner communi-
cat ions contro l  s t a t i ons .  Two of these s ta t ions are located at the te lemet ry
console,  and the remaining four are mounted at the IOS. F igure 1-65 depic ts
the key -se t  stat ions and the i r  re la ted  loca t ions .  Each key (sw i tch)  p rov ides
the ins t ruc to r -opera to r  with a ta l k - l i s ten  capabil i ty over the associated loop.
The function of each key is ind icated in table 1-56, The t ra iner  communica-
tions contro l  panels ,  i l lust rated in f igure 1-66, p rov ide  local se lec t ion  for
backup and as t ro  l oops ,  volume con t ro l s ,  and headse t  j acks .  The function
of each of the con t ro ls  shown in the f igure is prov ided  in table 1-57,
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Table 1-56. Console Communications System Panels

Key

10

11

12

13

14

15

16

1-246

Nomenclature

VHF 1 and 2 keys

CM INTERCOM keys

AL  (1 ,  2 ,  and 3) keys

ML  keys

MULTI-  ACCESS key

B C/O key

RING key

RLS key

CL keys

CMIL keys

SC keys

HF keys

S- BAND keys

PRIM MSFN key

FD key

SC OP key

Function

NOTE

Switches with shaded co rne rs  indicate
monitor c i rcu i ts .  Depress ing  provides
access  to assoc ia ted  loop and key is
l ighted.  Any combination of monitor
keys may be operated  at one time.

Prov ides  s imu la ted  RF  vo i ce  t r ans -
miss ion  loop wi th  SCM, manned space-
craft flight network (MSFN) ,  and SCM
c rew  s ta t i ons .

Prov ides  access to SCM intercommuni-
cat ions loop and simulates GSE hardl ine
for prelaunch.

Prov ides  communicat ions be tween
individual as t ronau t  and  AMS i ns t ruc to r .

Monitor loop key provides I /O  with
access  to Manned Spacecraf t  Control
Cente r  (MSCC) and MSFN s ta t ions .

Enables 1 /0  to se lect  up to three talk-
l i s t en  keys at one time.

Buzzer  cutoff key d i sab les  buzzer
operat ion.

Es tab l i shes  outgoing s ignal ing on
in te rs i t e  loops a f ter  des i r ed  key has
been opera ted .

Re lease  key re l eases  es tab l i shed  talk
circuit.

Computer loop prov ides communications
between  IOS and suppor t  positions.

Command module i ns t r uc to r ' s  loop
provides conferenc ing  capabi l i ty
between i ns t ruc to r s .

Simulator conference loop provides
conferenc ing  between AMS ins t ruc to rs
and simulat ion contro l  area (SCA)
ins t ruc to rs  during in tegra ted  t ra in ing .

Prov ides  s imulat ion of  RF  vo i ce  t r ans -
miss ion  loop wi th SCM and MSFN
s ta t i ons .

Prov ides  simulated duplex vo ice t rans -
m iss ion  between SCM and MSFN stations.

Pr ime MSFN loop prov ides  monitor ing
capabi l i ty of entire MSFN range.

Fl ight  d i rec to r  loop provides monitor ing
capability of flight director.

Spacecraf t  operat ions loop provides AMS
ins t ruc tor  with moni tor ing capabi l i t ies of
simulated activities of blockhouse space-
craf t  test conductor  personnel.

Remarks
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Table 1-56. Console Communications System Panels (Cont)

Key Nomenclature Function Remarks

17 LV /TC key Launch veh i c l e - t es t  conduc to r  loop
p rov ides  mon i to r ing  capabilities o f
launch vehic le test conductor .

18 TM (1 and 2) keys Telemetry  keys provide moni tor ing
capabi l i t ies of te lemetry  conference
loops .

19 DIAL Not  used .  Growth capabi l i ty  wh ich
al lows for future use of te lephone dial.

20 HOLD key Enables hold of any talk-listen key
se lec ted .

21 ST&T keys Simulation t racking and t ra jec to ry  loop
provides conferenc ing capability
between AMS i ns t ruc to r s  and simulation
cont ro l  area (SCA).

22 FCS/CL  key Fl ight  crew s imulator computer  loop
provides conferencing capability for
coord inat ing  AMSC and MSCC computer
operations.

23 TM (1 and 2) keys Te lemet ry  loops provide conferencing
capabil i ty between AMS te lemetry
console operators and MSCC operators.
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Figure 1-66. Communications Control  Panel

Table 1 -57 .  Communications Control  Panel

Key Nomenclature Function Remarks

1 AUDIO headse t  jacks Prov ides  connect ions for dual p rong
headset plug to CCS for l i s ten  only or
talk-listen capability.

2 CCS VOLUME control  Prov ides rotary control  of se lec ted
channel volume.

3 AUDIO SELECT sw Provides for se lec t ion  between commun-
icat ion loops available through CCS
keyboard and backup loop.

4 BACKUP VOLUME Prov ides  rotary cont ro l  of backup loop
control  audio volume,

5 AUDIO SELECT sw Prov ides se lec t ion  between communica-
t ion loops available through CCS keyboard
and moni tor  loop.

6 MONITOR SELECT sw Enables operator  to select  any of
individual monitor loops (as t ro )  or a l l
simultaneously.
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1 .3 .6 .12  Malfunction I nse r t i on  Unit,

The mal funct ion i nse r t i on  unit (M IU )  p rov ides  con t ro l  ove r ,  and
mon i to r ing  of, s imu la ted  spacec ra f t  mal funct ions,  The MIU cons i s t s  of
con t ro l  and d i sp lay  pane l s ,  l oca ted  on the IOS and T /M  conso le ,  and the
assoc ia ted  e l ec t ron i c  log ic  c i rcu i t ry .  The uni t  p rov ides  the i ns t r uc to r  with
the capability to per fo rm the following funct ions:

e Enter  or c l ea r  s imu la ted  malfunct ions in the computer  p rog ram.

e D isp lay  the s ta tus  of any se lec ted  s imulated malfunct ion,

e Erase any selected s imula ted  malfunction or c lear all ac t i ve  mal-
functions f rom the p rog ram.

Three  MIU con t ro l  pane l s  are  l oca ted  on the IOS, one at each inst ruc-
tor  station. These  pane l s  pe rm i t  the i ns t ruc to r  to in i t ia te ins t ruc t ions
regard ing s imulated malfunct ions to the computer  via the logic circuitry,
Simulated mal funct ions are coded  a lphanumer ica l ly .  The sys tem des igna -
t ion compr i ses  the l e t t e red  po r t i on  of the code with e l even  sys tems  to be
iden t i f ied .  The numer ica l  po r t i on  of the code iden t i f ies  each mal funct ion
within the system s imulat ion.  F igure  1-67 i l l us t ra tes  the MIU contro l
pane l ,  The funct ions of the con t ro l s  are desc r i bed  in  tab le 1 -58 .

An MIU d i sp lay  pane l  is p rov ided  in  con junct ion  wi th ,  and immedia te ly
ad jacen t  to, the M IU  con t ro l  pane l s ,  These  pane ls  d i sp lay  information pe r -
taining to s imu la ted  malfunct ion se lec t i on  and s ta tus .  Th ree  panels  are
prov ided :  one on the T /M  conso le ,  and the o the r  two on the r i gh t -  and l e f t -
hand p ie  sec t i ons  of the IOS. F rom these pane l s ,  the i ns t r uc to r  can de te rm ine
the s ta tus  of any s imu la ted  malfunct ion in the compute r  p rog ram or any that
has been manually en te red .  Pane l  a r rangement  is shown in f igure 1 -68 ,  and
the funct ions of the ind ica tors  are p rov ided  i n  table 1 -59 .
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Nomenclature

DISPLAY sw-1 t

INSTRUCTION INVALID
I t

CONTROL PANEL IN  USE
1t

SYSTEM SELECT sw-1t

CM

CP

CS

EP

GS

RC

SC

SP

VERIFY REG display

KEYBOARD sw-1t

INSTRUCTION

MASTER CLEAR ALL
SYSTEMS sw-1t

CONT PANEL RESET
sw-1 t

DISPLAY CLEAR sw- l t

MALF CLEAR sw-1t

MALF ENTER sw-1 t

SMé6T~-2-02

Table 1 -58 .  MIU Contro l  Panel

Function

Selec ts  locat ion  in  which malfunction
code and status is  to be d i sp layed  on MIU
display panels.

I nd ica tes  an  invalid malfunction code  has
been  se lec ted .

Illuminates whenever any one of th ree
control  panels  is opera ted.

Se lec ts  and ind icates system into which
malfunction is  to be inse r ted ,

Communications

Cryogenic s torage

SIVB control and propuls ion

Crew safety

Environmental control

E lec t r i ca l  power

Guidance and navigation

Sequence control  group

React ion control

Stabi l izat ion and contro l

Service propuls ion

Disp lays  oc ta l  numeric code keyed  upon
keyboard,

Enables se lec t i on  of octa l  numer ic
po r t i on  of malfunction code.

Removes al l  malfunctions from computer
p rog ram.

Resets  all sw and I t  on cont ro l  panels ,

Clears a l l  1t on MIU display panel and
d r i ves  alphanumeric display to blank
d isp lay .

Removes displayed malfunction
cor respond ing  to DISPI.AY sw se lec ted
from computer  p rogram,

En te rs  d isp layed  malfunction cor res -
pond ing  to DISPLAY sw se lec ted  in to
computer p rog ram.
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Figure 1-68, MIU Display Panel

Table 1-59. MIU Display Panels

Key Nomenclature Function Remarks

‘DISPLAY STATUS 1t

1 Display l t  Numeric readout of se lec ted  display.

2 IMP 1t Indicates that malfunction code se lec ted
is va l id  and further ins t ruc to r  act ion is
r equ i red ,

3 ENT 1t Il luminates wheneve r  a manually
se lec ted  malfunction i s  ac t i va ted .
Illuminates to i nd i ca te  that se lec ted
malfunction was previously en te red  into
p rogram.

4 MALFUNCTION display Magnaline display which provides an
alphanumeric readout of se lec ted  mal-
function code.

5 TIME DEP 1t For  manual or preprogrammed
malfunctions, this l t  functiohs as 3 above.
For  t ime dependent  malfunctions, th is  1t
will flash off and on for 90 seconds p r io r
to activation of malfunction,
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1.3.6.13 Time Displays.

The re  are  two t ime d i sp lay  pane l s  l oca ted  on the IOS, as shown in
f igure 1 -69 .  Each d i sp lay  contains two d ig i ta l  readou ts ,  the funct ions of
which are desc r i bed  in  table 1 -60 ,  These  d isp lays  are  not r epea te r s  of
on-board  t ime rs ,  They are p rov ided  to aid the ins t ruc to r  in t iming var ious
c rew  ac t i v i t i es  and s imu la ted  even ts ,

In  add i t ion to the t ime rs  ment ioned above ,  t he re  is a r emo te  t ime
disp lay  ( f igure  1-70) loca ted  on top of the centra l  IOS console.  This unit
d isp lays the actual  GMT rece i ved  from a t ime code t rans la tor  which is
par t  of the IMCC/SCATS equipment,
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Figure 1-69. Centra l  Timing Equipment

Table 1-60. Central  Timing Equipment Panel

Key Nomenclature Funct ion

1 |GMT display (IOS only) Digital readout of second,
minute, hour ,  and day of
vea r  r e fe renced  to s imu-
la ted GMT.

2 |TIME TO/FROM Digital readout  of second,
LAUNCH display (10S minute, hour,  and day
only) r e fe renced  to launch time.

Figure 1-70.  Remote Display Indicator
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Closed  C i rcu i t  Te lev i s i on  Sys tem.

The c l osed  c i r cu i t  t e l ev i s i on  (CCTV) is a b lack  and white TV  sys tem

cons i s t i ng  of t h ree  GPL model 800 cameras ,  th ree mon i t o r s ,  and the i n te r -

connec t i on  be tween  cameras  and  mon i t o r s .  The cameras  a re  f i xed  i n  the

SCM with no zoom capabi l i t ies. Each TV  camera  uses a v id i con  tube which

p rov ides  a c l ea r  p i c t u re  of items l oca ted  3 to 8 feet f rom the lens  and has

77 degrees of angular  view across the co rne rs  of the v id icon  tube. The
l o ca t i on  of the cameras  is i l l u s t r a ted  i n  f i gu res  1-2 and 1 -3 .  Camera  2

i s  l o ca ted  beh ind  the le f t  shou lde r  o f  the c rew  member  i n  the commande r ' s

s ta t i on .  Camera  1 is  l oca ted  nea r  the l e f t  f oo t  of t h i s  s t a t i on ,  Camera  3

is l o ca ted  beh ind the r igh t  shou lder  of the c rew  member  in  the r igh t  couch .
Cameras  2 and 3 cove r  the ma in  d i sp lay  pane l ,  ove r l app ing  in  the cen te r ,
and a lso p rov ide  a front v iew of the G&N lower  equipment bay,  Camera  1
p rov ides  a v iew of the t h ree  c rew  members  in  the i n te r i o r  of the SCM,

The th ree  mon i t o r s  are  mounted above the r espec t i ve  flight c rew
stat ions at the IOS, (See f igure  1 -10 . )  Each moni tor  has cont ro ls  which
are not pa r t  of the IOS, The i r  funct ion is s im i l a r  to those of any com-
merc ia l  set ,  The camera  con t ro l s  are l oca ted  beneath each moni to r  atop
the IOS. These  con t ro l s  are  i l l u s t r a ted  in f igure  1 -71  and funct ional ly
desc r i bed  in  tab le  1 -61 .  |

0000000680
@) V2  O

2 é

\__ @ \ _
1/4 AMP H-HOLD V-HOLD V=SIZE V=LIN ON 3 AMP

BRIGHTNESS : | CONTRAST ® |

\ \ \ \ \
1 3 4 5 7

SM-6T-2-02-1228

F igu re  1-71. CCTV Moni tor  Cont ro l  Pane l
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Nomenclature

J

H HOLD contro l

BRIGHTNESS control

V HOLD control

V SIZE control

V L IN cont ro l

CONTRAST contro l

ON sw

SMé6T-2-02
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Table 1 -61 .  CCTV Monitor Contro l  Panel

Function

Provides horizontal stabi l i ty control.

Controls br ightness of picture.

Provides ver t ica l  stability control .

Controls ver t ica l  size of p ic tu re .

Provides contro l  of vert ical  l ineari ty
of p i c tu re .

Provides black-to-white con t ras t
control  of picture.

Controls  power  to monitor.

Remarks
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Figure 1 -72 .  Telemetry Console
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TELEMETRY CONSOLE,

The t e l eme t r y  conso le  dep i c ted  i n  f i gu re  1-72 con ta ins  data wo rd
disp lays for analog, b i l eve l ,  and GMT dig i ta l  words.  Other paral lel
dig i ta l  words are d isp layed  bi t  by bi t  on the b i leve l  d i sp lay .  The console
conta ins  d i sp lays  of the actua l  PCM encode r  s ta tus ;  two t ime d i sp lays ;  and
repea te r  l ight d i sp lays  of the SCM con t ro l s  and d i sp lays  and the MIU,  which
are d r i ven  in  pa ra l l e l  with ident ica l  d i sp lays  on the 10S, In addi t ion,  the
T /M  conso le  inc ludes p rov i s i ons  to fault indiv idual data wo rds  (analog,
b i l eve l ,  or d ig i ta l  words  within the fo rmat ) ,  A functional desc r i p t i on  of the
contro l  pane ls  on the T /M  conso le  is inc luded  in the fo l lowing pa rag raphs .

MONITOR CONTROL.

The con t ro l s  and d i sp lays  on these pane l s  al low the i ns t r uc to r -
ope ra to r  to mon i to r  any of the computer or  pe r i phe ry  equipment  data
inputs to the PCM encoder  uni t  on each of the me te rs .  Howeve r ,  only 10
analog channels  can be mon i to red  at any one t ime .  They a lso al low moni-
t o r i ng  of a se lec ted  faulted channel ,  The pane ls  are i l l us t ra ted  in  f i gu res  1-73
and 1-74, and the cont ro ls  are functionally descr ibed  in tables 1-62 and 1-63.
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Key Nomenclature

1 MONITOR meter

2 | CHANNEL NO. digital sw

3 ANALOG MONITOR
actuator sw-l1t

1-260

F igu re  1-73,

CHANMEL NO,

SM=6T-2-02-160

Analog Monitor Control  Panel

Table 1 -62 .  Analog Moni tor  Control Panel

Function

Provides me te red  analog indications of
se lec ted  channel .

Se lec t s  one of 320 analog l ines  to be
moni tored  by me te r .  Each  sw se lec ts  one
l ine of a group of 10 l i nes ,  These are the
hund reds ,  t ens ,  and ones.

Allows meter ing of channel se lec ted  by
digital sw ,

Remarks

Ten panel-mounted voltmeters scale
read ing

0 to 100%
0 to  5 vo l ts
0 to 40 mv,

Ten 3 -d ig i t  channel number thumbwheels.
Ful l  capabi l i ty is 384 analog channels,

Analog monitor P/B,
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Figure  1 -74 ,  Digi tal  Monitor Cont ro l  Panel

Table 1-63. Digital Monitor Control  Panel

Key Nomenclature Function Remarks

1 DIGITAL READOUT Displays se lec ted  8-b i t  digital group Binary 1 is represented  by l ighted lamp.
display (5 g roups )  readout ,

2 GROUP digiswitches (5)  These  two d ig i ta l  sw  f o r  each  of f i ve
groups se lec t  one of 39 input groups to
be d isplayed on 8 -b i t  readout.

3 DIGITAL MONITOR Act iva tes  group of e ight  l ines  se lec ted
actuator sw- l t  by digi ta l  sw of re la ted  readout .

4 INSERTION MODE sw

ON/OFF  Enables fault of ent i re  word to all 1s (ON)
o r  a l l  0s (OFF).

NORM Prov ides  continuity for data l ine and
preven ts  fault  i nse r t i on .

MAN Prov ides  i nse r t i on  of fault under manual
con t ro l ,

COMP Prov ides  automat ic  fault insertion.

5 COMP/MAN/FAULT sw-1t |Indicates that fault inser t ion is  under
COMP o r  MAN cont ro l .  Indicates fault
has  been  i nse r t ed .
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ANALOG MALFUNCTION CONTROL

Analog Malfunction Contro l  PanelFigure 1-75,
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FAULT CONTROLS,

Fault con t ro l s  are p rov ided  for the in t roduct ion of faults into the data
l i nes  be tween  the AMS compu te r  and the PCM un i t s ,  Each fault con t ro l
panel  inc ludes  moni to r  l ights and se lec t i on  con t ro l s ,  A functional desc r i p -
tion of those con t ro ls  l oca ted  on the fault panels is l i s t ed  in table 1-64,

Twenty analog fault con t ro ls  ( f igure 1-75) are p rov ided  on the panel.
Each is capable of introducing the fol lowing:

Dri f t  at a con t ro l l ed  ra te
Offset  of a p resen t  amount
Fixed leve l  subs t i tu t ion  to a p resen t  l eve l
Channel l oss

Sixteen b i leve l  fault con t ro ls  are p rov ided  on the d ig i ta l  fault cont ro l
panel ( f igure 1-76).  These con t ro l s ,  functionally desc r ibed  in table 1-65,
are used to int roduce b i t  fa i lure into the para l le l  word  s igna l  l i nes .  In
addit ion, six d ig i ta l  word fault  con t ro ls  are prov ided  to s imul taneously
fail al l  b i t s  of the wo rd .  (See f igure  1 -76 ,)
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Table 1-64. Analog Malfunction Control  Panel

Key Nomenclature

1 COMP/MAN/FAULT sw-1t

2 INSERTION MODE sw

NORM

COMP

MAN

3 FAULT MODE sw

DRIFT RATE

LEVEL VOLT

OFFSET

FIXED

CHANNEL LOSS

4 RATE/LEVEL sw
0 - £10

1-264

Function

Provides an  indication of the fo l lowing:

a. Whether computer or opera tor  is
control l ing fault insertion

b .  Fault i nse r t i on .

Provides switching act ion to i nse r t
fault manually,

Provides se r ies  continuity for  data l ine
and prevents  fault inser t ion ,

Prov ides  computer inser t ion of faul ts,

Prov ides  manual inser t ion  of faults.

Allows for  a p rese t  variable offset of
d-c re fe rence  of data s igna l .

Provides for  a p rese t  f ixed of fset  of
d-c re fe rence  of data s ignal .

Provides for  a p rese t  f i xed leve l  to
rep lace  data signal,

Provides for opening data l ine.

Provides var ia t ion  of  r a te  o r  leve l
se lec ted  by FAULT MODE sw,

Remarks
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DIGITAL WORD MALFUNCTION
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Figure 1-76. Digital Word Malfunction Contro l  Panel

Table 1-65. Digital Word  Malfunction Cont ro l  Panel

Key Nomenc la tu re  Function Remarks

1 COMP/MAN/FAULT Indicates whether  fault inser t ion  is under

sw-1t compu te r  or manual  con t ro l ,

I nd i ca tes  fault has  been  i nse r t ed .

Prov ides  swi tch ing ac t ion  for manual
i n se r t i on  of f au l t s .

2 INSERTION MODE sw A l lows se lec t i on  of e i ther  compute r  or
manual fault  i n se r t i on  contro l .

COMP Enab les  computer  cont ro l  of fault
insertion,

NORM Al lows no rma l  operat ion  of PCM.

MAN Enables manual control of fault
i nser t ion ,
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TIME DISPLAY.

Two t ime d isp lays  are p rov ided  on the te lemet ry  conso le .  The t ime
d isp lays  are r epea te r  d isp lays of the p rev ious ly  descr ibed  t ime d isp lays
l oca ted  on the IOS. These displays are i l lustrated in f igure 1-77 and
functionally desc r i bed  in table 1-66.
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Figure 1-77. Time Display Panels

Table 1-66. Time Display Panels

Key Nomenclature Function Remarks

Repea t  of  t ime  f rom SCM and does inc lude
any fault  ef fects introduced through faul t-
ing media,

COMMAND MODULE
TIME display

1 GMT timer display Digital display of GMT signal encoded
in PCM data and including word or bit
fa i lure in t roduced  at  T /M  conso le .

2 TIME TO/FROM Digi ta l  d i sp lay  of t ime to or f rom launch,
ILLAUNCH t ime r  d isplay

These t ime rs  show simulated m i ss i on
t ime (GMT and TIME TO/FROM
LAUNCH)  and  w i l l  not inc lude fault  to
on -boa rd  c l ocks ,

MISSION TIME d isp lay

3 GMT timer display Digital d isp lay  of GMT signal encoded  in
PCM data.

4 TIME TO/FROM LAUNCH | Digi ta l  d isp lay  of t ime to or f rom launch.
t imer d isp lay
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COMMUNICATIONS CONTROL.

The two pane ls  dep ic ted  in  f igure 1-78 are  dupl icates of IOS panels  and
are r epea te r s  of those on the SCM main display pane l s .  Table 1-67 p rov ides  a
desc r i p t i on  of these pane l s .  They p rov ide  the te lemetry  conso le  ope ra to r  with
an ind ica t ion of the operat iona l  configuration employed fo r  C&D by the flight
c rew  ( inc lud ing antenna pos i t i on ) .  The conso le  communicat ions pane ls  l oca ted
on the T /M  conso le  are dep ic ted  and explained in this sec t i on  as t ra ine r  supple-
mentary  d isp lays  and con t ro l s ,  paragraph 1 .3 .6 .11 ,  f igure 1 -65 ,
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SM-6T-2-02-165B

Figure 1-78, Communications Control  Panels

Table 1 -67 .  Communicat ions Control  Panels

Key Nomencla ture Funct ion Remarks

1 Antenna contro l  panel Repeater  of IOS antenna control  panel

2 Communicat ions panel Repea te r  of IOS communications subpanel ,
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TELEMETRY STATUS.

This panel  p rov ides  an indicat ion as to the condit ion of the PCM un i ts .  In
addi t ion,  l ighting con t ro ls  for  the conso le  are loca ted  he re  as we l l  as con t ro l  of
t e lev i s ion  p ic ture t r ansm iss ion  to IMCC.  F igure  1-79 i l l us t ra tes  this panel,
as we l l  as another panel  which is  a r epea te r  of an IOS panel  and need not be
d i scussed  aga in  ( f igure 1 -72 ) .  Table 1-68  p rov ides  a functional desc r i p t i on  of
the cont ro ls  and d isp lays  located on th is pane l .
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Figure 1-79.  Te lemet ry  Status Panel

Table 1-68. Telemetry Status Panel

Nomencla ture  Funct ion Remarks

CCTV to  IMCC CAMERA Pos i t ion  of this sw de te rm ines  which TV
SELECTOR sw camera  picture is p resen ted  to IMCC.

INDICATOR LIGHT Al lows variation of T /M  indicator
INTENSITY control  lighting intensity.

CONSOLE LIGHT Al lows variation of T /M  conso le  overhead
INTENSITY control lighting intensity,

TELEMETRY sw-1 t  Enab les  act ivat ion of PCM unit.

PCM STATUS sw-1 t  Provides GO NO-GO sta tus  indication of
actual PCM encoder  and enables resetting
of malfunctioned unit,

MIU DISPLAY panel Panel is a repeater  panel of IOS MIU and
is under IOS opera to r  cont ro l ,

CONSOLE COMMUNICA- Function of this panel is descr ibed  under
TIONS panel Console Communications Systeyn (CCS).
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COMPUTER COMPLEX,

The AMS computer  complex is compr i sed  of t h ree  g roups  of equipment.-
These  a re  the computer  sys tems ,  the pe r i phe ra l  equipment,  and the data con -
ve rs i on  equ ipment .  The computer  sys tems  prov ide the computat ions necessa ry
for  spacec ra f t  s imula t ion;  the pe r iphe ra l  equ ipment  p rov ides  communica t ions
wi th ,  and  reco rds  the outputs o f ,  the compu te r  sys tems ;  and the data conve rs i on
equipment l inks the computer  sys tems  with the s imu la ted  command modu le ,  the
v i sua l  sys tems ,  the i ns t r uc to r -ope ra to r  s ta t ion ,  and  o the r  pa r t s  o f  the AMS.
The b lock  d i ag ram in  f igure 1 -80  i l l us t ra tes  the equipment involved and the
in te r face  between  un i t s .

COMPUTER SYSTEM.

The funct ion of the AMS computer  sys tem is to per fo rm the computations
involved in s imulat ing a spacec ra f t  m i ss i on .  These computat ions are based  on
spacecra f t  s ys tems  and s imu la to r  dr ive  equat ions ,  which are mechan ized
through math mode l s  and so l ved  by the d ig i ta l  compu te rs .  In  addi t ion to p ro -
viding the computa t ions ,  the computer  sys tem reac t s  to inputs f rom the SCM,
the IOS ,  and f r om the MSCC and t r ansm i t s  data back  to  t hese  units re f l ec t i ng
r ea l i s t i c  veh i c l e  and sys tems  s imu la t ion .  The speed  and p rog raming  of the
compu te rs  are such as to provide the e f fec t s  of r ea l - t ime  simulation.

The compu te r  sys tem cons i s t s  of th ree  mode l s  of the DDP-224  digi ta l
compute r .  The b l ock  d iag ram of f igure 1-80 i l l us t ra tes  the in te r face  be tween
the compu te rs  (des igna ted  sys tems  C, D, and E) and the i n teg ra ted  equipment.
In  addi t ion to having expanded memory  b l ocks ,  sys tems  D and E have access  to
a common  memory .  Sys tem C a lso  has access  to the common memory  through
an  i n te r compu te r  commun ica t i ons  un i t ,  S imul taneous commun ica t ions  between
each computer  and the pe r i phe ra l  equipment  is accomp l i shed  through d i r ec t
memory  access  uni ts and t ime mult ip lex un i ts .  The t r ans fe r  of data is  prov ided
at two speeds ,  375 kc and 735 kc.

The DDP-224  ( f igure 1 -81 )  is a gene ra l - pu rpose  digi ta l  computer  capable
of per forming data p rocess ing ,  including rea l - t ime  con t ro l  and sc ien t i f i c
compu ta t i ons .  Bas i ca l l y ,  the DDP-224 ,  like any gene ra l  pu rpose  computer ,  *s
composed  of four  funct ional  un i t s .  These uni ts are the memory ,  the input/
output un i t s ,  the con t ro l  uni t ,  and the ar i thmet ic  uni t ,  The functional
a r rangemen t  with data f low and con t ro l  s ignal  d is t r ibut ion is  shown in
f igure  1 -82 .  The b l ock  d iagram for  the DDP-224  is dep ic ted  in  f igure  1 -83 .
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Memory Unit.

For  a digital computer to pe r f o rm  computat ions,  a l l  data per t inent  to the
prob lem and the method of so lu t ion  ( i ns t r uc t i ons )  must be s to red  in the  compute r
be fo re  the so lu t ion  is  a t tempted .  S imi la r ly ,  as with spacec ra f t  s imulat ion,  a l l
the in format ion re la t ive  to the spacec ra f t  and the sequence  of events  mus t  be
s to red  in  the computer  be fo re  s tar t ing a t ra in ing m iss i on .  Th is  informat ion is
in  the fo rm of .two types of d ig i ta l  wo rds ,  data wo rds  and ins t ruc t ion  words.
A se r i es  of ins t ruc t ions  make up a computer  p rog ram.  Groups of ins t ruc t ions
within a p rog ram that pe r fo rm a task are ca l led rout ines  or subroutines.

A magnet ic  core  unit capable of s to r ing  4096 wo rds  is the bas i c  memory
of the DDP-224 .  In  the AMS,  the memor i es  of two compu te rs ,  sys tems  D and
E, have been expanded to provide a 32, 768 -wo rd  s to rage  capaci ty  whi le the
t h i r d  compu te r ,  s ys tem C,  has  been  expanded  to a 57,  344 -wo rd  capacity. In
add i t ion ,  an  8192 -wo rd  common  memory  i s  sha red  between sys tems  D and E .
Al l  compu te rs  have been adapted to enable add ress ing  memory  loca t ions  beyond
the norma l  32 K range.

A memory  add ress  reg i s te r  (MAR) and a memory  information reg i s te r
(MIR)  are  cons ide red  par t  of each memory .  The MAR loca tes  the wo rd  that i s
to  be put into memory  o r  taken out; the M IR  fu rn ishes temporary s to rage  while
the wo rds  are be ing  t r ans fe r red  into memory  or  out.

Input/Output Unit.

As desc r i bed  in  the prev ious paragraph,  the computer  program and data
mus t  be t r ans fe r red  to memory  be fo re  an execut ion of a p rog ram.  A function
of the input unit is  to prov ide the means  of inser t ing  informat ion into memory
f rom pe r i phe ra l  dev i ces ,  such as the t ypewr i t e r s ,  magnet ic  tape un i t s ,  ca rd
r eade rs ,  e t c .  The output uni t  i s  used  to  connect dev i ces ,  such  as l ine p r i n te r s ,
ca rd  punches ,  magne t i c  tape units, or  t ypewr i te rs  to the computer  when
reco rd ing  data on ca rds ,  t apes ,  or  p r i n t - ou t s .  In tercomputer  t rans fe r  and
t rans fe r  between the compu te rs  and the data convers ion  equipment is  a lso
accompl ished  by the input/output unit.

Included as part of the input/output  unit of each computer are para l le l
input/output channels, input/output charac te r  buffer and bus, sense l ines and
in ter rupt  con t ro l ,  and command s igna l  gene ra t i on .  Each  computer  is  equipped
with a d i r ec t  memory  access  (DMA)  channel .  Sys tem C contains i ts  own fully
buf fered channel (FBC) ,  whe reas  sys tems  D and E sha re  a common FBC,

Para l le l  Input/Output Channels.

The pa ra l l e l  input/output channels are gat ing dev i ces  used  in  conjunct ion
with the FBCs  and DMAs to t rans fe r  data be tween  the memory  and the
per iphera l  equipment and data convers ion equipment.
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Input/Output Character  Channel.

The input/output character  channel is a gating device used to connect the
computers  with the typewr i ter ,  paper tape r eade r ,  and paper  tape punch,

Sense L ines and Interrupt Control.

The interrupt cont ro l  and sense l ines are  used  to detect  condit ions within,
o r  ex te rna l  to ,  the compute rs  which requ i re  a l te ra t ions to the computer
p rog rams .

Command Signal Generation.

The input/output unit a lso genera tes  command s ignals  (OCP commands)
which are  used  to cont ro l  external  equipment, such as typewriter and paper
tape punch, as wel l  as for  use by internal sources.

Fully Buf fered Channel .

A fully buf fered channel (FBC)  is  a unit that, when once set up f rom an
external  sou rce ,  can t rans fe r  data d i rect ly  to or f rom memory ,  independent of
the main  f rame of the compu te r .  In  o rde r  to accompl i sh  t h i s ,  the FBC conta ins
a data r eg i s te r  which is  used fo r  buffer ing of data,  an add ress  reg i s te r  which
con t ro ls  the add ress ing  of the memory ,  and a range reg i s te r  that con t ro ls  the
t rans fer  of data. In the AMS, the FBCs are used to t ransfer  data between the
data convers ion  equipment and the computers  and to provide intercomputer
data t r ans fe r .

D i rec t  Memory  Access  Channel.

The d i rec t  memory access (DMA) channel is s imi lar to the FBC in design
and opera t ion .  The DMAs are used  in  the AMS to t rans fe r  data be tween
magnet ic  tape un i ts ,  l ine p r in te r ,  ca rd  r eade r ,  ca rd  punch, and the computers.

As  i l l us t ra ted  in  f igure 1 -83 ,  the access  d is t r ibut ion unit and the t ime
multiplex uni ts are used  i n  conjunction with the input/output units fo r  data
t rans fe r .

Access  Dis t r ibut ion Unit.

The access  d is t r ibut ion unit (ADU)  enables computers D and E to function
as an in tegrated mu l t ip rocess ing  sys tem.  The ADU permi ts  sys tems  D and E
to  wo rk  into o r  out of  the  common memory ,  and a l so  p rov ides  sys tem C with
access  to the common memory.

Time Multiplex Units.

The t ime mult iplex units (TMU)  permi t  the computers  to communicate
with the pe r iphera l  dev ice s imul taneously.  In  the AMS any of the th ree
computers  can ga in  access  to and communicate with the magnet ic tape units,
l ine p r in te r ,  ca rd  r eade r ,  and ca rd  punch. Select ion  of the per iphera l  unit is
obtained by the generat ion ofa  command by the computer  under p rogram cont ro l ,
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Control Unit.

As exp la ined prev ious ly ,  a computer p rog ram cons i s t s  of a se r i es  of
ins t ruc t ion wo rds  which are s to red  in  memory .  A funct ion of the con t ro l  unit
i s  to  fe tch  each  i ns t ruc t i on  wo rd  in  sequence  f r om memory ,  t r ans la te  the wo rd ,
and i ssue  commands to o ther  pa r t s  of the computer  that wi l l  execu te  the task
defined by the ins t ruc t ion  wo rd .  The execut ion of the i ns t ruc t ion  wo rd  depends
on timing pu l ses  which are genera ted  in  the cont ro l  un i t .  The con t ro l  unit is
a lso  capable of modifying an ins t ruc t ion be fo re  it is executed.

In  the AMS computer  sys tem,  the con t ro l  unit of each computer conta ins
an opera t ion -code  reg i s te r  (OP-code ) ,  and ope ra t i on -code  matr ix (OCM),
p rog ram reg i s te r  (P r eg i s te r ) ,  index reg i s te r s ,  shif t  r eg i s te r s  (S reg is ters) ,
cont ro l  unit c l ock ,  and c lock  ma t r i x .  The funct ion of  the ope ra t i on -code
r eg i s te r  is to store that port ion of the inst ruct ion  word that defines the task to
be pe r f o rmed .  Index b i t s  and ind i rec t  add ress ing  b i ts  are a lso  s to red  in  the
reg i s te r .  The ope ra t i on -code  matrix is the gating network that decodes  the
contents of the ope ra t i on -code  reg i s te r  and produces cont ro l  s igna ls  to execute
the task to be performed.

The program reg i s te r  stores the memory locat ion of the next instruct ion
to be per fo rmed.  Each time a new instruct ion word is taken f rom memory ,  the
r eg i s te r  is i nc remen ted  by one. The index reg i s te r s  are used  when i t  is
des i r ed  to modify an add ress  of the ins t ruc t ion  wo rd .  The shif t  r eg i s te r s  are
used  when the pos i t ion  of a wo rd  is  shi f ted within the A reg i s te r  or be tween  the
A and B reg i s te r s .  The con t ro l  unit c l ock  is  the gene ra to r  of the timing pu lses
necessa ry  to execute  the ins t ruc t ion .  The c lock  matr ix  gates the timing pu l ses
f rom the con t ro l  c l ock  with the output of the ope ra t i on -code  matr ix to prov ide
the p rope r  timing sequence to execute  an instruction,

Ar i thmet ic  Unit.

The function of the ar i thmet ic  unit is to pe r fo rm the computat ions when
commanded by the i ns t ruc t i on  wo rd .  Reg i s te r s  and adde rs  are the dev i ces  used
to pe r fo rm the ar i thmet ic  func t ions .  Reg i s te r s  are t empora ry  s to rage  dev i ces
used  to ho ld  data r ece i ved  f rom memory  whi le i t  is be ing  p rocessed ,  and to
ho ld  the r esu l t s  of the computat ion be fo re  i t  is  t r ans fe r red  to o ther  par ts  of the
compu te r .  The r eg i s te r s  a lso  wo rk  in  con junct ion  with the adder  to pe r fo rm
the ar i thmet ic  funct ions.  The adder  is  the actual  counting dev i ce .  The
ar i thmet ic  unit of each computer  conta ins  a h i gh -speed  adde r  and t h ree
reg i s te r s :  A, B, and Z. The A reg i s te r  is  the main  r eg i s te r ;  the B is  the
auxiliary r eg i s te r .  The Z r eg i s te r  acts as the l ink between the memory  and
the o ther  par ts  of the ar i thmet ic unit by rece iv ing  each wo rd  f rom memory
be fo re  i t  is  processed.

Word  Format.

As ment ioned in previous pa rag raphs ,  two types of d ig i ta l  wo rds  are
used  in  the compu te r  p rog ram,  the i ns t ruc t i on  word  and the data wo rd .  Both
are  b inary wo rds  containing 24 b i t s .  F igure  1 -84  i l l u s t r a tes  the format  of the
inst ruct ion and data wo rds .  The ins t ruc t ion  word cons i s t s  of an operat ion
code,  an add ress ,  index b i t s ,  and the ind i rec t  add ress ing  b i t .  The opera t ion
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code is  a two-digit b inary  number which spec i f i es  what command is  to be
execu ted .  The add ress  is  a binary number which spec i f i es  the memory  add ress
of the data that is  to be used in  the opera t ion .  The index b i ts  spec i f y  that an
index reg i s te r  wil l  be used with the operat ion.  The ind i rect  address ing  bi t
ind icates that an i nd i rec t  add ress  wi l l  be used .  The data wo rd  is  r ep resen ted
by a 23 -b i t  b inary number plus a s ign  b i t .  The s ign  bi t  wi l l  indicate the polarity
of the number ,  a one (1) ind icates a negat ive ,  a ze ro  ( f )  indicates a pos i t ive
number.  The remaining 23 bits will indicate the magnitude of the number.

COMMAND WORD
8 E i [ i z l e ]  | 21 |= [= ] |

OP-CODE
6 BITS ADDRESS (15 BITS)

INDEX BITS

INDIRECT ADDRESSING BIT

| DATA WORD

1 2 | 3 | ‘ |  5 ] 7 ]  o| go ]  [12fia|safrslefi7fie rs o l  arf zof c f

| MAGNITUDE (23 BITS) |

SIGN BIT

SM-6T-2-02-211

Figure 1-84. Word Format
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© 1 .5 .1 .6 Compuier Cont ro ls .

Figure 1-85 i l lust rates the control  panel for the DDP-224  computer.
A functional desc r i p t i on  of the cont ro ls  and d isp lays  for each panel  a re
desc r ibed  in table 1-69,

1 2 3 4 5 6 7 8 9 1011 12 1314 1516 1718 19 20

21
22

23
24

25

31~  1 43 33  4

# 2 p 8 % t i  5 7 v i  ? 3 P y i s  2%

30  - wi  23 53 i z  34 v8  3x £8 2) EN 24  23  p

29  A iT  EL ET 2%

28  kd i re % 2

27

SM-6T-2-02-213A

Figure 1-85,  DDP-224 Computer Control Panel
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Table 1-69. DDP-224 Computer Control Panel

Nomenc la tu re

START/OFF-LINE P /B

CONT/PULSED sw

STOP CODE P/B

PUNCH POWER sw

TAPE FEED P /B

TAPE LOW 1t

(F i l l  select ion ro tary  sw)

PAPER TAPE

CARD RDR HOL

CARD RDR BINARY

F ILL  P /B

(I/O function selection
rotary sw)

ON-LINE

P.,T., READER TYPE

P.T ,  READER PUNCH

P.T ,  READER PUNCH-
TYPE

TYPE TO PUNCH

START P /B

STOP P /B

POWER P/B-1t

Funct ion

Star ts  operat ion enabled by I /O  function
se lec t  sw ,

CONT posi t ion enables continuous ope ra -
tion of paper  tape punch or reader,

PULSED posi t ion  a l lows pu lsed  operat ion
of paper tape punchor  r eade r .

"Stop code!" punched on paper  tape when
depressed.

Turns power  to paper tape punch motor
on or off ,  "

Advances paper  tape and punches
sprocke t  holes only,

Indicates low level of paper  tape on reel.

Se lec ts  device (ca rd  reade r  or paper
tape reade r )  f rom which program wil l
be loaded  into memory ,

Se lec ts  paper tape reade r  to load
program into memory  upon depress ion
of F ILL  pushbutton.

Enables card reader  to load Holleri th
data f r om punched cards  into computer
memory .

Enables card reader  to load binary data
f rom punched cards into memory.

Loads computer memory  f rom device
se lec ted  by F ILL se lec t ion  rotary switch.

Provides f o r  on- l ine  connection of
per iphera l  devices or off-line data
t r ans fe r  be tween  devices,

Al lows computer to se lect  and control
operation of paper tape reade r ,  paper
tape punch,  and typewriter.

Information f rom paper tape is read out
on typewr i ter ,

Al lows duplication of paper tape data by
simultaneous reading and punching of
t ape ,

Perm i t s  typewriter to print out informa-
t ion  as i t  i s  punched on  paper  tape .

Typed information wil l  be punched on
pape r  t ape .

Causes computer to start operation.

Causes computer to halt af ter  cu r ren t
instruct ion is completed.

Turns power  off and on to main computer
and auxiliary equipment.

Remarks
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13

14

15

16

17

19

20

21

22

23

24

25

26

27

28

29

30

31

Nomenclature

RUN MODE - PROG,
HALT sw

(PROGRAM HALT
ADDRESS REGISTER)
thumbwheels

INPUT PARITY 1t

1 /0  HOLD 1t

INTERRUPT 1t

OVERFLOW 1t

IMP DIVIDE 1t

HALT 1t

MASTER CLEAR P /B

SING OP P /B

FETCH STOP P /B

EXECUTE P /B

A, B, Z, PROG, INDEX
REG P /B -1 t

(Reset )  P /B

OP-CODE reg is ter  P /B -1 t

(Reset) P /B  »

INDEX P /B-1 t

IND ADDR P /B - l t

SENSE SWITCHES
(1 through 6)

Table 1 -69 .

SMé6T-2-02

Func t ion

RUN MODE posi t ion inhibits p rogram
halt add ress  reg i s te r .

PROG, HALT posi t ion cont ro ls  e f fec ts
of p rog ram halt add ress  register.

Al lows add ress  to  be  se lec ted  a t  which
a p rogram will halt.

Indicates detect ion of e r ro r  while reading
charac te r  information,

Indicates that computer is  delaying until
I /O dev ice i s  ready.

Indicates execution of interrupt
subrout ine.

Indicates that overflow fault has  occu r red
in  computation,

Indicates imprope r  divide has occur red
or imprope r  b inary - to -BCD convers ion
has been at tempted,

Indicates that the halt f l ip- f lop i s  set
and no operat ions can take p lace except
for  in ter rupts .

Hal ts  the compu te r ;  r ese t s  a l l  r eg i s te r s ;
cont ro ls  c lock  unit, ready and enable
f l ip- f lops of input/output channels,
in ter rupt  enab le ,  input par i t y ,  overf low,
and improper  divide f l ip - f lops ,  Stops
al l  per iphera l  devices,

Causes the computer to execute the
command s to red  in the memory  location
indicated by the program reg i s te r .

Causes the computer to execute the fetch
cyc le  only,

Causes  the computer  to execute the
command set in  the OP-code  reg i s te r ,

Ind icates the contents o f  the A ,  B ,  Z ,
program and index reg i s te r s  and al lows
b i t -by -b i t  entry ,

Enables each reg i s te r  to be c l ea red  to
ze ro ,

Indicates the contents  of  the OP-code
r eg i s te r  and al lows bi t -by-bi t  entry,

C lea rs  OP-code  reg i s te r ,  index bits,
and ind i rect  add ress ing  bi t  to zero .

Indicates whether index reg i s te r  is to be
used;  a l lows b i t -by-b i t  entry.

Indicates indirect add ress  is  part of
instruct ion; al lows manual entry.

Provides manual control of programs.

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

DDP-224  Computer Contro l  Panel (Cont)

Remarks
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PERIPHERAL EQUIPMENT,

The fol lowing l i s t  is the per iphera l  equipment used  with the DDP-224
computer  systems:

Item Quantity

Magnet ic  tape uni ts 4
Line p r in te r  1
Card  reade r  1
Card  punch 1
Pape r  tape reader  1
Pape r  tape punch 1
Typewr i te r  1 per computer

The dev i ces  l i s t ed  are  al l  input /output  dev i ces  used  for  inser t ing  or
read ing out computer  data. Figure 1 -86  i l l u s t r a tes  the pe r iphera l  equ ip -
ment  and i ts in te r face with the AMS computer  systems,

Magnetic Tape  Un i ts  (MTU),

The magnet ic  tape units used in the AMS are model  9130. (See
f igure 1 -87 . )  The units wi l l  r eco rd  or play back digi tal  information at the
ra te  of 200 or  556 b i t s  per  inch at a tape speed of 75 inches  per  second.
In the AMS, these uni ts are used to l oad  the computer  memor i es  with
opera t iona l  and d iagnos t i c  p rog rams ,  r eco rd  s imula ted spacec ra f t  pa ram-
e te r s ,  and to t r ans fe r  the launch boos t  and in i t ia l izat ion pa rame te rs  into
the compu te rs .  As i l l us t ra ted  in f i gu re  1 -82 ,  each MTU is connec ted  to
the d i r ec t  memory  access channel of each computer  through a t ime-
mult iplex uni t .  Control  of the MTU is  by computer  command.  Simultaneous
opera t ion  of magnet ic  tape uni ts  is made poss ib l e  by the TMU,

The manual con t ro l s  l oca ted  on  the f ron t  of  the cab inet  a re  shown in
f igure 1-88,  The funct ion of the cont ro ls  are l i s t ed  in table 1-70.
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SM-6T-2-02-1756 A

Figure 1-87. Magnetic Tape Unit
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Nomenclature

POWER sw- l t

REWIND sw-1 t

CLEAR sw- l t

DENSITY LO sw- l t

DENSITY H I  sw - l t

LOAD sw-1t

READY sw-1t

FILE PROTECT 1t

ADDRESS SELECT sw-1t
(Above front door)

Function

Appl ies and removes  operat ional vol tage.
Indicates when power is on,

Causes tape to be moved  onto supply ree l
at approximately 350 inches  per second.
Illumination of 1t indicates rewind ope ra -
t ion is in  progress.

Removes  and indicates all external
command condit ions are being c leared
from transport l og i c ,

Se lec t s  and i nd i ca tes  that information
t r ans fe r  of a rate of 200 bits per inch has
been  se lec ted ,

Se lec t s  and indicates that information
t rans fer  ra tes  of 556 bi ts per inch has
been se lec ted ,

Se lec ts  operat ion  which pul ls tape into
load boxes ,  then moves tape fo rward  to
load point, Light indicates tape is
posi t ioned at load point.

P laces  and ind ica tes  that unit  i s  under
ex terna l  con t ro l .

Indicates a f i le p ro tec t  r ing is p resen t
in  supply ree l ,

Se lec ts  and ind icates ass igned  number
to  tape transport.

Magnetic Tape Unit Control  Panel

Remarks

Switch mus t  be he ld  for approximately
2 seconds ,

Tape wi l l  stop when load point is
de tec ted .  If tape is s topped at load
point when REWIND sw is depressed,
an unload operat ion  is performed.

Tape mot ion stops when CLEAR sw-1t
is depressed.

Only CLEAR sw-1t  is  valid at panel when
READY l t  is on.

Only to be i l luminated during wr i te
opera t ions ,

A white 1t behind number  ind ica tes  t r ans -
po r t  has  been  se lec ted ;  a r ed  l t  i nd i ca tes
p resence  of fault,
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Line P r i n te r .

The l ine pr in ter  p rov ides  a permanent  r eco rd  of p r in ted  copy of des i r ed .
computer  sys tem outputs .  The mode l  used  with the AMS is  the mode l
DD/P  3000 .  F igu re  1 -89  shows  the p r i n te r  conta ined i n  a s ing le  console,

housing two ma jo r  components ,  the pr in ter  chass i s  and the e l ec t ron i cs  gate
assemb ly .

The p r in te r  pr in ts  out 120 cha rac te r s  per  l ine at 300 l i nes  per  m inu te .
The drum and hammer  technique is  u t i l i zed .  Sixty-one cha rac te r s  are con-
ta ined in  the d rum.  A cont inuously moving r ibbon of paper  is  passed  between
the drum and hammer  bank. The hammer  p rov ides  the pr int  impac t  upon coded
input s igna ls  to prov ide a readout.

As shown in  f igu re  1 -83 ,  the l ine p r in te r  i n te r faces  with the t ime -
mult ip lex uni t ,  The TMU p rov ides  the switching be tween  the compute rs  and the
l ine pr inter  under computer  command.

The cont ro l  panel  fo r  the l ine pr in ter  is  l oca ted  on the f ront  of the pr in ter
chass i s .  These con t ro l s ,  used  for  no rma l  operat ion of the p r in te r ,  are
i l l us t ra ted  in  f igure 1 -90  and functionally l i s ted  in  table 1 -71 .

SM-6T-2-02-178

Figure 1-89. DD/P  3000 Line Pr inter
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POWER
ON

Key Nomenclature

1 POWER ON sw- I t

2 STANDBY sw-1t

3 SKIP FEED sw-1t

4 TOP OF  FORM sw-l1t

1-290

STANDBY

TOP OF
FORM

SKIP
FEED

SM-6T-2-02-179A

Line P r in te r  Control Pane l

Table 1 -71 .  Line Pr in te r  Contro l  Panel

Funct ion

Contro ls  main power to pr inter  unit.

P laces  pr inter  in print inhibit mode.

Advances paper posi t ion at fast r a te .

Posi t ions paper to top of f o rm.

Remarks
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Card  Reader.

The ca rd  r eade r  se rves  to input information into the computer  p rog ram
and /o r  memory .  Data is p repa red  on Hol ler i th  punched ca rds  fo r  inser t ion
into the computer  sys tem via the ca rd  r eade r .  The reade r  used  with the AMS
is  the mode l  B122 ( f igure 1 -91) .

A genera l  operat iona l  desc r i p t i on  is  as fo l l ows :  The ca rd  r eade r  feeds
standard punched ca rds  f rom the hoppe r ,  through the read  stat ion,  into the
s tacke r  at the ra te  of 200 ca rds  per  minute .  The feed mechan ism can be
opera ted  e i ther  loca l ly  or f rom a remote  s ta t ion.  F igure 1-83  shows the i n te r -
face between the ca rd  r eade r  and compu te r .

The ope ra to r ' s  panel  is  i l l us t ra ted  in  f igure 1 -92 ,  and the functions of the
con t ro l s  are  l i s t ed  i n  table 1 -72 ,  Al l  sw i t ches ,  with the except ion  of the
VALIDITY ON swi tch ,  are momentary make sw i t ches .  In the case of the
VALIDITY ON swi tch,  one dep ress ion  in i t ia tes the ON condi t ion;  the second
dep ress ion  is the OFF condit ion. |

| EE=HAR J )

/
1] MT]

| [
|

| | ] |

SM=-6T-2-02-180

Figure 1-91. Card Reader
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Key

1

3

10

11

12

Nomenclature

POWER ON sw-It

NOT READY 1t

FEED CHECK 1t

VALIDITY CHECK 1t

END OF FILE sw-l1t

START sw

STOP sw

RESET sw

VALIDITY ON sw- l t

READ CHECK It

POWER OFF sw-It

LOCAL RUN SWITCH

LOCAL

RUN

SM6T-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1 -72 .  Ca rd  Reade r  Con t ro l  Panel

Funct ion

Ini t iates power -on  sequence and l ights
NOT READY It and POWER ON It.

Goes on whenever one of the fol lowing
condit ions ex is t :

a. Power -on  sequence incomplete

b. No cards  in hopper

c.  S tacke r  full

d. Read or validity check in p rog ress

e. Feed check in  p rog ress

f. STOP sw enabled.

Goes on if  card  fa i ls  to feed.

Indicates inval id charac te r  is sensed.

Enab les  p rocess ing  of cards  af ter  last
ca rd  is fed f rom hopper.

Puts card  reader  in  ready condit ion and
extinguishes NOT READY It.

P laces  card  reader  in not ready condition.

Extinguishes VALIDITY CHECK,  READY
CHECK,  and FEED CHECK lt.

Causes validity check of each card
charac te r .

Indicates fa i lure of exc i te r  lamp or
circuitry.

Removes  power  f r om power  supply and
extinguishes POWER ON 1t.

Located beh ind  cont ro l  pane l .

Enab les  continuous ca rd  f eed  f rom
hopper.

Enables  remote operat ion of card  r eade r .

Remarks
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Card  Punch.

The mode l  B303 ca rd  punch, i l lus t ra ted in  f igure 1 -93 ,  is  suppl ied to
ass i s t  i n  p rogram preparat ion.  The ca rd  punch has the capabi l i ty  of p rocess ing
100 ca rds  per  minute.  The ca rd  punch operat ion is d iv ided into four  cycles:
ca rd  feed,  ca rd  punch, checking,  and s tack ing.  The ca rd  punch in ter face
( f igure 1 -83 )  r ece i ves ,  s t o res ,  and p rocesses  the data f rom the DMA for  use
by the ca rd  punch. A time-multiplex unit p rov ides  the switching between
computers  and the ca rd  reade r  and punch under computer  con t ro l .

The  ca rd  punch cont ro l  panel  is  l oca ted  on the front of the unit as shown
by f igure 1 -93 ,  The panel  cont ro ls  and their  functions are  i l lust rated in
f igure 1 -94  and def ined in  table 1 -73 .

- | CONTROL PANEL
CARD HOPPER

CARD STACKER

Figure 1 -93 .  B303 Ca rd  Punch
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POWER
ON

POWER
OFF

Nomenclature

POWER ON START sw- l t

NOT READY 1t

PUNCH CHECK 1t

FEED CHECK 1t

START sw-lt

STOP sw-1t

RESET sw-I t

PUNCH CK ON lt

RUN OUT sw- l t

POWER OFF sw- l t

2 3 7

NOT PUNCH FEED
READY CHECK CHECK

PUNCHRUN OUT CK ON RESET

A \ \
\ \ \
9 8 7

Figure 1 -94 .  Card Punch Con t ro l  Panel

Table  1 -73 .  Ca rd  Punch Contro l  Panel

Function

Appl ies l ine power to internal  supplies.
Lights NOT READY lt.

Ind icates unit is not ready  for  operation.
Tights when any of the fol lowing condit ions
ex is t :

a. Power on-sequence incomplete

b. No ca rds  in hopper

c. START P /B  not depressed

d. Stacker full

e. STOP sw depressed .

Indicates card  has not been punched.

I nd ica tes  fa i lure in  ca rd  f eed  o r  empty
hoppe r .

Causes card  to feed into ready stat ion.

Stops operat ion  of unit .  Lights NOT
READY It.

Resets  punch and feed check circuitry.
Lights NOT READY It.

Indicates that punch check circuitry is
operat ing.

Causes  l as t  punched card to  be  fed to
s tacker .  Clears cards  from feed.

Removes  line power f rom init.

START

STOP

\
\

SM-6T-2-02-183A

Remarks
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SM-6T-2-02-184

Figure 1 -95 .  Paper  Tape Reader

- | 
0 9 .  —_— = =~ A

SM-6T-2-02-185

Figure 1-96. Paper Tape Punch
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Pape r  Tape Reade r .

Inc luded in  the AMS is the mode l  2500 paper  tape r eade r .  The reade r  is
an un id i rec t iona l  pe r fo ra ted  tape reade r  us ing s tandard or mylar  tape .  The
unit r eads  e ight  data channels  p lus a sp rocke t  ho ld .  The tape r eade r ,  i l l u s -
t r a ted  i n  f i gu re  1 -95 ,  has  two modes  of ope ra t i on ,  cont inuous o r  pu l sed .  In  the
cont inuous mode ,  the un i ts  r ead  at a ra te  of 300 cha rac te r s  per  second .  In  the
pu l sed  mode ,  the unit  s t ops  a f te r  r ead ing  each  cha rac te r .  The i n te r face  l og i c
( f igure  1 -83 )  between the tape reade r  and the cha rac te r  channel conver ts  the
cha rac te r  pu l ses  into a form compat ible fo r  use by the computer .

The paper  tape reade r  may be loaded without removing power to the unit
by placing the READY -LOAD switch ( f igure 1-95) to the LOAD posi t ion.  The
READY pos i t ion  of this switch enables the normal operat ion  of the unit.

Paper  Tape Punch.

A se l f - con ta ined ,  h i gh -speed ,  pape r  tape per fo ra to r  is  suppl ied with the
computer  sys tem.  The punch is a synchronous unit capab le  of punching e ight -
channel ,  pape r  r eco rd ing  tape at a ra te  up to 110 cha rac te r s  per  second .  Data
f rom the computer  is  t ransmi t ted  to the paper  tape punch via the input/output
cha rac te r  channel and the tape punch i n te r f ace .  The in ter face conver ts  the
data into oc ta l - coded  cha rac te r  pu l ses  compat ib le  for  use by the tape punch.
The unit is  i l l us t ra ted  in  f igure  1 -96 ,  and the in te r face  with the computer  is
shown in  f igure  1 -83 ,

1 -297



SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

1 .5 .2 .7  Typewr i ter .  é

A se r i es  73, Se lec t r i c  typewriter is  supp l ied  with each computer .  The
typewr i ter  is a 15 cha rac te r -pe r - second  revolving bal l  machine that u t i l i zes  a
type head and keyboard arrangement intended for  use with each compu te r .  The
ca r r i age  of the typewriter is 15 i nches  long with a 13 - i nch  writ ing l ine .  The
type r ibbon and spoo l  are  conta ined in  a snap - in  ca r r i age  to al low easy
replacement.

The typewr i te r  conta ins mach ine func t ions ;  i . e . ,  tab ,  space ,  upper case,
backspace ,  e t c . ,  and coded cha rac te rs  s imi la r  to a s tandard typewriter.
Communicat ions with the computer  u t i l i zes  the b ina ry -coded  dec imal  fo rm.
The typewri ter  is  connected to the computer  via the typewriter in ter face l og i c
and input/output cha rac te r  channel ( f igure 1 -83 ) .  The typewr i ter  in ter face
log i c  conver ts  the cha rac te rs  into a fo rm compat ib le for  use by the computer
and funct ions in  r eve rse  for  data be ing t ransmi t ted  to the typewriter. Operat ion
of the typewriter is cont ro l led and mon i to red  by OCP commands and sense
l i nes .  Inter lock cont ro ls  are prov ided to inhibit typewr i ter  use except  when
se lec ted .  F igure 1 -97  i l l us t ra tes  the Se lec t r i c  typewr i te r ,  and table 1 -74
def ines keyboard funct ions.

The typewr i ter  prov ides the following contro l  and monitor capabi l i t ies at
the 10S:

@ During f r eeze  mode ,  changes  var iab les  being reco rded  on X -T  or X -Y
reco rde rs .

@ During f r eeze  mode ,  i n te r roga tes  and pr in ts  out contents of any memory
location.

e Not i f ies that e r ro r  has been found.

® I nse r t s  date and t ime of day into computer  to update init ial ization po in t s .

e Pr ints out spec ia l  messages ;  e .g . ,  not i f ies ins t ructor  of funct ions to be
pe r fo rmed  for  p rem iss ion  setup.
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5

4.

14

1

127

Nomenclature

Platen contro l

Line space lever

Paper r e l ease  lever

Tab  cont ro l  P /B

MARGIN RELEASE P /B

Tab P /B

Keyboard  P /B

BACKSPACE P /B

INDEX P /B

CARRIAGE RETURN P /B

Motor  control

Space bar

SHIFT key

SHIFT LOCK

8

1 SM-6T-2-02-186

F igu re  1 -97 ,  Typewr i te r

Table  1 -74 .  IBM Se lec t r i c  Typewr i ter

Function Remarks

Allows platen to be rotated f ree ly  in
e i t he r  d i r ec t i on .

Al lows se lec t i on  of e i ther  s ing le  or
double spacing.

Enables posit ioning or remova l  of paper.

Enables a c lea r  or set of tab settings.

Al lows re l eases  of r ight and left margins.

Moves ca r r i age  to tab set t ing.

Enables type of s tandard and spec ia l
characters,

Moves car r iage toward left marg in .

Permits  ver t i ca l  spac ing.

Returns car r iage to left margin.

Act ivates typewriter.

Advances ca r r iage  toward right margin.

Shifts type to upper case lettering.

Locks shift key in  posit ion.
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DATA CONVERSION EQUIPMENT.

The purpose  of the data convers ion  equipment is  to t rans la te  output
s igna ls  f rom the computers  and other AMS functional units to appropr iate
format for  thei r  add ressed  input points or  channe ls .  Simulation s igna ls  in  the
AMS complex are in  t h ree  f o rms :  digi tal  wo rds ,  d ig i ta l  b i t s ,  and analog
vo l t ages .  Outputs f r om the compu te rs  a re  in  wo rd -se r i a l ,  24 -b i t  pa ra l l e l
words .  F igure  1 -98  i l l us t ra tes  the s igna l  f low between the ma jo r  components
of the AMS and the DCE in  t e rms  of s imulat ion funct ions.

The AMS data convers ion  equipment is  ident i f ied in  two g roups ,  internal
and ex te rna l .  External  DCE is def ined as that data convers ion  equipment
e lec t r i ca l l y  loca ted  between var ious  IOS and SCM units and the interface patch
pane l .  Internal  DCE is e lec t r i ca l l y  l oca ted  between the computers  and the
patch pane ls ,  and includes:

D ig i ta l - to -ana log  conver te rs
Dig i ta l - to-analog conver te rs  ( fast)
Ana log - to -d ig i t a l  conve r te rs
Digi ta l  b i t  input
Digi tal  b i t  input (memory )
Digi ta l  wo rd  input
Digi ta l  b i t  output
Digi ta l  wo rd  output (direct)
Digital  word output ( re lay )
Guidance and navigat ion word buffer
Computer  - t o - compu te r  buffer
Stabi l izat ion and control  system hand contro l ler  input system
DCE contro l  unit

The external  DCE cons i s t s  of the fol lowing:

Malfunct ion i nse r t i on  unit
Cent ra l  t ime equipment
In tegrated up-data link
D ig i t a l - t o - reso l ve r  conver te r
Ana log - t o - reso l ve r  conver te r

F igu re  1-99 shows the f low of information f rom the digi tal  computers  via
the cont ro l  unit and to and f rom the individual conve rs ion  dev i ces .  T rans fe r  of
information between the compu te rs  and the cont ro l  unit takes  p lace  via the
fully -buf fered channel  of each compute r .  T rans fe r  of data is  under cont ro l  of
the r ea l - t ime  input/output p rog ram,  which is in i t ia ted 20 t imes  per  second.

DCE Contro l  Unit.

The DCE cont ro l  unit ac ts  as the switching cen te r  between the DCE and
the compu te rs .  The con t ro l  unit r esponds  to reques ts  f rom the di f ferent
computers to communicate with spec i f i c  dev i ces  and makes  the connect ion
when the par t icu lar  dev ice is  f r ee  to communicate .
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Digi ta l - to-Analog Conver te r .

The purpose  of the d ig i ta l - to -ana log  conver ter  is  to conver t  to analog
signals the 24-b i t  data words rece ived  f rom the computer .  The d ig i ta l - to-
analog ( fast)  conver ters  are used in situations where the analog values must
follow changes in  the digital wo rd  within a few m ic roseconds ,  such as FDAI
ra te  and e r ro r  indicators.

Analog- to-Dig i ta l  Converter.

The purpose of the analog-to-digital (A/D)  converter  is to conver t  analog
s igna l s  into 12 -b i t  d ig i ta l  wo rds  to  be  t r ansm i t t ed  to  the digital compu te rs  v ia
the DCE cont ro l  unit.

Digi ta l  B i t  Input.

The function of the digital  b i t  input (DB I )  is to r ece i ve  the digi tal  bit
inputs f rom swi tches  or c i rcui t  b reake rs  of the AMS, p lace  the bit i n  the l eas t
s igni f icant bi t  posi t ion of the 24 -b i t  wo rd ,  and then t ransmi t  the word  to the
computer .

The digital bit  input (memory )  (DBIM) pe r fo rms  the same function as the
DBI ,  excep t  the inputs to the DBIM are  f rom momentary sw i tches  whose ac t i -
vat ion may be less than the 50-mil l isecond i terat ion ra te  of the compute r .
F l i p - f l op  s to rage  is  the memory  dev ice  used  to r eco rd  the dep ress ion  of the
momentary sw i t ches .

Digital Word Input.

The function of the digital word input (DWI) is to t rans fe r  to the computer
24-bi t  words originating at the AMS. Examples of AMS functions that originate
as DWIs a re  inputs f rom the CDUs ,  MIUs, attitude se t  con t ro l s ,  e t c .

Digi ta l  B i t  Output.

The purpose of the digi ta l  bit  output (DBO) is to rece ive  a single bit
t ransmi t ted  f rom the computer  as the l eas t  s igni f icant bi t  of a 24 -b i t  wo rd ,
s to re  the b i t  i n  a one -b i t  r eg i s te r ,  and then d i r ec t  the output of the r eg i s te r  to
a re lay  d r i ve r .  The contacts of the re lay  are used to con t ro l  s imulator
funct ions,  such as f lag ind icators ,  ind icator  l amps ,  and o ther  dev i ces  requ i r ing
a d i sc re te  s igna l .

Dig i ta l  Word  Output (Direct).

The d ig i ta l  wo rd  output ( d i r ec t )  (DWOD)  rece i ves  and s to res  24 -b i t  words
rece i ved  f rom the computer  v ia the con t ro l  un i t ,  The wo rds  are then t r ans -
f e r red  to the s imu la to r  to dr ive i tems such as CDUs and t e l escope  and sextant
d i sp lays .  The digi ta l  wo rd  output ( r e l ay )  pe r f o rms  the same function as the
DWOD,  except  the inputs to the s imulator  are held by re lay  act ion.
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Guidance and Navigation Word Buf fer ,

The pu rpose  of the guidance and navigat ion word  buffer is  to r ece i ve
para l le l  data wo rds  r ep resen t i ng  the output of the s imulated G&N computer,
conver t  the wo rds  into se r i a l  f o rm ,  and t ransmi t  the wo rds  to the PCM te l em-
etry equipment.  Para l le l  data wo rds  are r ece i ved  as 17 -b i t  words  at a rate of
100 wo rds  per  second .  These wo rds  are conver ted in  se r i a l  fo rm and are sent
to the PCM te lemet ry  as 40-b i t  words .  Hand swi tches on the te lemetry  console
can  in t roduce fa i l u res  of any of the 40 b i t s .

Compute r - to -Compute r  Buf fer .

The computer  - t o - compu te r  buffer is  used  to t ransmi t  t ra jec to ry  data
between the AMS and the GSSC complex .  The buffer is  essen t ia l l y  a se r i a l - t o -
paral le l  and pa ra l l e l - t o - se r i a l  conver ter  which uses a magnet ic  co re  memory
and shift r eg i s te r  to accomp l i sh  the conve rs i on .  The information to be
exchanged is  in  pa ra l le l  form in  the compu te rs ,  but i t  is  transmitted in  a
se r i a l  f o rm .

SCS Hand Cont ro l le r  Input Sys tem.

The pu rpose  of the SCS hand cont ro l le r  input sys tem is  to r ece i ve ,  store,
and t ransmi t  to the DDP-224  computer  inputs r ece i ved  f rom the rotat ion,
t rans la t ion ,  and minimum impulse  con t ro l s .  In some cases ,  the durat ion of
these  inputs is t imed in  l -m i l l i second  in te rva l s .  Another function of the SCS
input system is to store any fai lure indications t ransmit ted  to the SCS system
f rom the computer and to r es to re  the sys tem to normal af ter  comple t ion  of
data t r ans fe r .

Malfunction Inser t ion  Unit.

The purpose of the malfunction inser t ion  unit (MIU) is to provide the
means  for  initiating and moni tor ing simulated mal funct ions.  The MIU is used
to pe r fo rm the following functions:

En te r s  any malfunct ions into computer p rog ram
In ter rogates  status of any act ive malfunction
Clears  any act ive malfunction f rom computer program
Clea rs  al l  act ive malfunct ions f rom computer  p rog ram

Keyboard- in i t ia ted malfunct ions are en te red  during the m iss i on  by means
of a 24 -b i t  wo rd  fo rmed by the act ivat ion of the MIU cont ro l  panel  sw i t ches .
(See f igure 1 -67 . )  The DISPLAY switch, which indicates where the malfunction
shall be d isp layed on the MIU contro l  and d isp lay panel ,  sets b i t s  4 through 7
of the word.  The SYSTEM SELECT switch sets bits 8 through 15 which are
the a lphabet ic  por t ion  of the MIU code number .  The KEYBOARD swi tches
inse r t  the numerical por t ion  of the MIU code number on the ver i fy  r eg i s te r  and
set b i t s  16 through 24, The word  en te r s  al l  computers  via a d ig i ta l  wo rd  input
(DWI )  under  cont ro l  of the r ea l - t ime  input/output p rog ram.  Each  computer
then en te rs  a routine to determine the validity of the malfunction. The resu l t
of the validity check is transmitted f rom the computer via a digital word
output re lay (DWOR) to the MIU contro l  and display pane ls .
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I f  the malfunct ion i s  va l i d ,  o ther  ac t i on  can  now be taken with the i ns t r uc -
t ion sw i t ches .  Dep ress ion  of the MALFUNCTION ENTER switch ac t iva tes  the
malfunct ion by set t ing bit two of the DWI  and set t ing a sense l i ne .  The ma l -
function can be removed  f rom the sys tem by dep ress ion  of the MALFUNCTION
CLEAR swi tch .  B i t  one of the DWI  and a sense l ine are set by th is  ac t i on .

If  the validity check  r esu l t s  i n  an inval id malfunct ion, the INSTRUCTION
INVALID light is i l luminated by means of a digital word output ( re lay )  (DWOR)
f rom the compu te r .  A t  th is  point,  dep ress ing  the CONTROL PANEL RESET
swi tch ext inguishes al l  l ights and rese t s  condi t ions to ini t iate another
malfunction,

A l l  ac t ive  mal funct ions,  with the except ion  of those  which are t ime
dependent, may be c l ea red  by depress ion  of the MASTER CLEAR ALL  SYSTEM
switch.  T ime-dependent  malfunct ions can be c l ea red  within 90 seconds  pr ior
to act ivat ion by dep ress ing  the 10 DISPLAY switch and the MALFUNCTION
CLEAR swi tch.

Central Timing Equipment.

The purpose of the centra l  t iming equipment (CTE) is to produce the
following signals for use in the AMS:

512 kc
6 .4  kc
l - second  pulses
50 -m i l l i second  rea l - t ime  interrupt signal
Binary  t ime word
Binary-coded-decimal time word

The 512 -kc  s igna l  is  the bas i c  t iming signal used  in  the s imulat ion of the
PCM t e l eme t r y  sys tem.  The l - second  pu l ses  a re  a l so  used  in  the PCM t e l em-
e t r y  s imulat ion as synchron iz ing  pu l ses .  The 6 .4 - kc  s igna l  is  used  in  the
simulat ion of the 400 -cyc le  f requency synchron izat ion of the t h ree  power
i nve r t e r s .  The 50 -m i l l i second  rea l - t ime  in ter rupt ,  the b inary  t ime wo rd ,  and
b ina ry - coded -dec ima l  t ime wo rd  are a l l  used  in  the computer  sys tem.

As  i l l u s t r a ted  in  f i gu re  1 -100 ,  a l t e rna te  re fe rence  f requency  sou rces
a re  avai lable to the CTE .  Dur ing a non in tegrated  m iss i on ,  a 1024 -kc  c rys ta l
c l ock  supp l i es  the r e fe rence  f requency to the CTE ,  Dur ing an in tegra ted
m iss ion ,  a 1000 -cps  s igna l  is  r ece i ved  f rom the NASA fac i l i t i es  and mult ip l ied
to 1024 kc .  The s igna l  is  then d iv ided into the f r equenc ies  des i r ed  and ga ted
out with p rov i s i on  for  s imulat ing f a i l u res .  The t ime wo rds  are deve loped  f rom
the 50 -m i l l i second  pu l ses  ga ted  into a coun te r  chain which counts  half-seconds,
seconds ,  m inu tes ,  hou rs ,  and days of the month.  The resu l t ing  t ime wo rds
are conver ted  into BCD and binary form before be ing t ransmi t ted  to the
computers.

P rov is ion  is made through sw i tches  and buf fers  to enable the t imes to be
in i t ia l ized f rom external  sou rces .  Swi tches can be set up to indicate a part i -
cu lar  minute;  the l -m inu te  trap and l - pu l se -pe r - second  s ignal  wil l then
automatically star t  the counters on the next integral  minute.
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Integrated Up-Data  Link.

(Operat ional  descr ip t ion of in tegrated up-data  link is included under
' ""Telecommunications System' '  desc r ip t i on  in  sect ion 2 of this volume. )

D ig i ta l - to-Resolver  Converter .

The d i g i t a l - t o - reso l ve r  conver te r  is  used  to accep t  and convert  binary
angles (s ign and magnitude) f rom the DDP-224  computer to analog 400-cyc le
signals compatible with the reso l ve rs  used in the telescope simulat ion of the
AMS.

Analog-to-Dig i ta l  Shaft Pos i t ion  Encoder .

The pu rpose  of the analog-to-digital  shaft pos i t i on  encoder  is  to accep t
and convert  a shaft angle to equivalent b inary digital s ignals compatible for use
in the DDP-224  computer .
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RECORDING EQUIPMENT.

X-T  RECORDER.

These  paragraphs  desc r i be  and i l lus t ra te  the ma jo r  components and
cont ro ls  i nco rpo ra ted  into the Mark  200 reco rd ing  sys tem which is employed
for  the X -T  reco rde r .  The r eco rde r  is an e igh t -channe l  reco rd ing  sys tem
which i nco rpo ra tes  an osc i l l og raph  ins ta l led  hor izonta l ly  i n  a d rawer  in  the unit
pedes ta l .  Attenuator and r eco rde r  funct ions ( including the r emo te -ope ra te )  are
actuated by pushbutton con t ro l s .  Rec t i l i nea r  pen mot ion  p roduces  reco rds  on
rectangular  coord inate  char ts  g raduated  in  50 d i v i s i ons .  Reco rde r  pens ut i l ize
p ressu r i zed  f lu id.  The osc i l l og raph  has 12 se lec tab le  char t  speeds .  The
comp le te  sys tem,  i l l u s t r a ted  in  f i gu re  1 -10L ,  i s  conta ined in  a 54 - i nch  high
conso le  with a s l oped  f ront  con t ro l  panel and cas te red  base .  There  are  th ree
such r eco rde rs  inc luded with each AMS.

The at tenuator and cont ro l  panel  ( f igure  1 -102 )  is  an input s ignal  dev ice
loca ted  on the top f ront  of the conso le .  I t  conta ins external  function swi tches
to enable remote  opera t ion  of the sys tem.  The funct ional desc r i p t i on  of the
con t ro ls  on th is  panel are l i s t ed  in  table 1 -75 .

The osc i l l og raph  contains pens,  penmotor, char t  pape r ,  and the wri t ing
tab le .  The osc i l l og raph  is mounted at desk leve l  and d isp lays up to 11 inches
of char t  on a f lat wr i t ing su r f ace .  The osc i l l og raph  con t ro ls  are i l lus t ra ted in
f igure  1-103 and are functional ly desc r i bed  in  table 1 -76 .

The leve l  l ight panel is l oca ted  d i rect ly  above the osc i l l og raph  on the
front of the unit ( f igure #»101l). The panel components are i l lustrated in
f igure 1 -104  and functionally desc r i bed  i n  table 1 -77 .
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Nomenclature

EXTERNAL FUNCTIONS

RESET P /B

HOLD P /B

RUN P /B

MARK P /B

Attenuator P /B  (72)

PEN POSITION controls (8)

PEN POSITION locking
knob

INPUT SELECTOR ZERO
P/B

ATTEN STEP IDENT
P/B

25 LINE CAL  CHECK P /B

OPERATE P /B

Locking knob

SENSITIVITY control

Table 1 -75 .  Attenuator Con t ro l  Panel

Function

Resets  pens to initial conditions.

Enab les  computer hold of operation f rom
recorder.

Enables control of computer run mode of
reco rde r  operation.

Operates left-hand event marker and
def lec ts  i ts pen toward center  of chart.

Enables select ion of volts per  chart  line
for  each channel.

Permi ts  each pen to be posi t ioned any-
where within channel and use this posit ion
as a ze ro  base.

Locks pen in se lec ted  pos i t ion  to prevent
inadvertent movement.

Causes pens of a l l  channels to return to
‘ se l ec ted  ze ro  pos i t i ons .

Causes a l l  active pens to def lect and
reco rd  attenuator settings and pen
polar i ty sw settings.

Used to check or cal ibrate dr ive
amplifier sys tem.  Supplies a standard
cal ibrat ion input to al l  channels.

Enables normal operat ion of sys tem.

Preven ts  inadvertent movement of
sensit ivity control.

Al lows  intermediate sens i t i v i t ies  to  be
se lec ted  between f ixed P /B  values.
Controls must be fully CW to obtain P /B
attenuation value.

Remarks
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Figure 1 -103 ,  Osc i l lograph Cont ro l  Panel

Table 1-76. Osci l lograph Control  Panel

Nomenclature Function Remarks
3

1 INTERLOCK WARNING 1t Indicates one o r  both of inter lock sw a re
open.

CONTROL MODE

2 PARTIAL REMOTE P /B  T rans fe rs  char t  drive on-of f  control  to a
remote locat ion.  Does not transfer speed
contro l .

3 FULL  REMOTE P /B  Char t  speed  and on-off  contro l  i s
t r ans fe r red  to  a remote locat ion.

4 LOCAL P /B  Ful l  control  of unit is enabled at control
panel.

CHART SPEED MM/SEC

5 STOP P /B  Stops chart drive and disables power to
pens.

6 CHART SPEED P /B  Enables chart  drive speed relat ive to
P/B  dep ressed .  Re leases  STOP P /B ,

7 SPEED + 100 sw Divides se lec ted  chart  dr ive speeds by
100 when enabled.

8 PAPER TAKE UP P /B  When depressed ,  takes up s lack  in  paper
and actuates paper take-up ree l  d r ive .

9 TAKE UP SPEED control | Provides three speed control of paper
dr ive.
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Convenience outlet

Amplifier level lt

Main power 1t

Main power sw
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L 2
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F igu re  1 -104 .  Light Level  Panel

Table 1-77. Light Level Panel

Function

Supplies 115 -vo l t  60 -cyc le  power  for use
with any e lec t r i ca l  dev ice .  Does not turn
off with power sw.

Indicates by lamp intensity output
magnitude of re la ted  amplifier.

Light i l luminates when power is on to
unit.

Applies power to entire unit.

\ /

[0]
SM-6T-2-02-170A

Remarks
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X-Y  PLOTTERS.

Two p lot ter  mode l s ,  205T and 1110E ,  are used with the AMS.  They are
loca ted  at the ext reme lef t  end of the IOS where  they are  readi ly  access ib l e  by
the i ns t ruc to r / ope ra to r  fo r  ad justment  or obse rva t i on .  Each p lot ter  is  mounted
in a standard ver t i ca l  r ack  with ver t i ca l  plott ing su r f aces  and dual pens for
versatil ity. The plotting su r f ace  for  the mode l  205T,  i l l us t ra ted in f i gu re  1 -105 ,
is  30 x 30 i nches .  The con t ro ls  and d i sp lays  for  th is  uni t  are functionally
desc r i bed  i n  table 1 -78 .  The plotting sur face  for the mode l  1110E ,  i l lustrated
in  f igure 1-106, is 11 x 17 inches .  The contro ls  and d isplays for this unit are
functionally desc r i bed  in  table 1 -79 .
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i Key Nomenclature

1 PLOTTING SURFACE

TIMING PENS

3 WRITING PENS

4 ARMS

5 CONTROL PANEL

6 PEN 1 and PEN 2 UP
DOWN/REMOTE sw

uP

DOWN

PEN OPERATE -
STANDBY - REMOTE sw

STANDBY

OPERATE

REMOTE

8 115V, 60 CPS FUSES

9 POWER ON 1t

10 115V, 400 CPS FUSES

11 PEN INTERCHANGE sw

12 POWER sw

13 LIGHTS sw

ON

OFF

3.7

1-316

Table 1-78. X-Y Variplotter (30 X 30)

Funct ion Remarks

Plast ic  surface with grooves connected to
a vacuum pump providing a plotting
sur face .

Solenoid con t ro l l ed ,  a l lowing reco rd ing
of t iming pulses.

Al lows plott ing (inked l i nes )  of  one
var iable voltage as a function of a second
variable voltage (move vert ical  Y).

Al lows plotting of one variable voltage as
a function of a second var iable voltage
(move hor izonta l  X) .

Power  control ;  see f igure .

De -ene rg i zes  lift co i ls  ra is ing pens
f rom plotting surface.

Ene rg i zes  lift co i ls  lowering pens to
plotting sur face.

Controls input voltage applied to a rm  and
pen servos.

Dr ives pens to control panel  end of a rms
and dr ives arms to opposite sides of
plotting surface.

Normal  data vol tages are appl ied to
servos .

Switches standby/operated contro l  l ines
to a remote control t i e - i n .

Protect ion of 115 -vo l t  60-cps  power
sou rce ;  glows if fuse open.

Indicates power is applied to recorder. R

Protect ion of 115 -vo l t  400 -cps  power
sou rce ;  glows if fuse open..

Contro ls  interchange of data supplied
to pen and a rm se rvos .

Contro ls  application of primary power to
plotter c i rcu i ts .

Suppl ies pr imary power to backlighting
l amps .

Removes power to backlighting lamps.
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Table 1 -78 .  X -Y  Variplotter (30 X 30) (Cont)

Key Nomenclature Function Remarks j

14 VACUUM sw

ON Suppl ies primary power to vacuum pump
moto r .

OFF Removes power to vacuum pump motor.

15 PARALLAX CONTROLS Ten- tu rn  potent iometers providing
PENS 1 and 2 ARMS 1 con t ro l  of ini t ial  posi t ion of pens  and
and 2 | arms.

16 PAPER ADJUST Provide adjustment of re fe rence
potentiometers vol tages in each servo.

17 SCALE FACTOR SWITCH | Rotary selector  sw (8-pos i t ion)  providing
PEN 1 and ARM 1 contro l  of plotter scale factor in  each

channel.

18 SCALE FACTOR SWITCH | Rotary se lec tor  (8-posit ion) providing
PEN 2 and ARM 2 contro l  of plotter scale factor in  each

channel.

1 -317 .
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Figure 1-106, X-Y Variplot ter (11 x 17)
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Key Nomenclature

ZERO potent iometers

2 SCALE FACTOR contro l

3 VARIABLE ~ FIXED sw

4 | External INPUT plugs

5 RANGE control

6 | PEN ARM sw

UP-STBY

UP-OPER

ON-OPER

7 PEN INTCHG sw

AUTO

REV

8 | VAC PWR sw
OFF -OFF

OFF -ON

ON-ON

Table 1-79. X-Y Var ip lot ter  (11 X 17)

Funct ion Remarks

Permi ts  sett ing locat ion of X =0 ,  Y =0
(0, 0 point)  anywhere within a 30 x 45- inch]
a rea  cen te red  about plotting sur face.

Enab les  attenuation of  var iab le  sca le  for
plot ted  parameter.

Prov ides  var iab le  o r  f ixed se lec t i on  of
sca le  fac to r  control.

Prov ides input connection and either
chass i s  or f loat ing ground.

Enables sett ing of plot range in  ei ther
vo l t s / cm  or vo l ts / inch .  The p lug - i n
module must be removed for access to sw
for scale change.

Lifts pen from plotting sur face and
posi t ions it to center  of a rm .  A rm is
pos i t ioned to extreme side of travel.

Lifts pen f rom plott ing sur face  and moves
car r iage  in response  to input signals,
A rm moves in  response to input s igna ls .

Posi t ions pen  on  plotting su r f ace .  Pen
carr iage and arm move in response  to
input signals.

Enables automatic interchange of pen and
arm functions in event of an a rm
intercept ion.

D isab les  pen-arm interchange function.

In terchanges data inputs and paral lax
networks regard less  of pos i t ion  of arms.

Pr imary power is removed f rom al l
plotter and vacuum sys tems .

Plot ter  c i rcui t ry is ene rg i zed  but vacuum
sys tems  remain off.

Pr imary  power is applied to both vacuum
and plotter systems.
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AUDIO TAPE RECORDER.

The tape r eco rde r  is  an unmodified four -channel KRS Data-Stact  DR-2
uni t .  I t  wi l l  r eco rd  the earphone output, including s ide tone ,  of each astronaut
on a separa te  channel. The fourth channel may be used  to r eco rd  the ins t ructor
conference l oop .  Playback of the tapes  wil l  be accomp l i shed  on a portable
playback unit s t o red  in  the IOS a rea .  Being por tab le ,  the playback and
astronaut per fo rmance evaluation may be accomp l i shed  in  other a reas  as long
as 115 -vo l t  60 -cps  power is avai lab le.  This al lows simultaneous record ing  of
one training sess ion  while the tape f rom a p reced ing  sess ion  is  be ing evaluated.

The s tacked  tape automatic car t r idge  t ranspor t  (STACT) reco rde r  sys tem
(F igure 1-107) contains six magnet ic tape car t r idges  of 1200- foot  1 -m i l  mylar
t ape .  Each tape p rov ides  2.2 hou rs  continuous record ing  t ime ,  or much more
when us ing the VOX c i r cu i t r y .  Tape ca r t r i dges  are changed automatically so
that when the f i r s t  car t r idge  becomes  fully r eco rded ,  the second  car t r idge
beg ins  reco rd ing .  Th is  cyc le  cont inues through the sixth tape ,  at which t ime
a l as t  ca r t r i dge  indicat ion is provided on panel 87. Sequencing of tape
car t r idges  resu l t s  in at least 13 hours record ing  t ime (for a continuous reco rd )
without des t roy ing  prev ious ly  r eco rded  information. As the ca r t r i dges  are
manually r ep laced  af ter  they are r eco rded ,  unlimited reco rd ing  t ime becomes
ava i lab le .  When the r eco rd  command is  g iven by VOX or continuous reco rd
command,  the caps tan  wi l l  r each  full speed of 1 -7 /8  inches  per  second  in
40 m i l l i seconds .  IOS cont ro ls  are prov ided for  a l l  vo ice  r eco rde r  functions.
These  con t ro ls  are desc r i bed  in  table 1 -80 ,  The  playback unit is  s t o red  under
the IOS conso le  containing the r eco rde r .  E lec t r i ca l  connections for the play-
back unit are provided adjacent to the reco rde r .  (See f igure 1 -107 . )
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F igu re  1 -107 ,  KRS Audio Tape Reco rde r  Panel

Table 1 -80 .  KRS Audio Tape Reco rde r  Panel

se lec ted  car t r idge .

SM-6T-2-02-1128

Key Nomenclature Function Remarks

1 |EJECT P /B  E jec t s  tape ca r t r i dge  f rom f ron t  loading
guide rails.

2 |DRIVE P /B  P rov ides  tape fo rward  dr ive s igna l  on
se lec ted  ca r t r i dge .

3 CUE tone mas te r  sw Ac t i va tes  a l - k c  tone used for ident i f i -
ca t ion  of s tar t ing po in t s ,

4 PWR sw P rov ides  power  on/off  con t ro l .

5 |Electrical plug Prov ides  115 -vo l t  60 -cps  power
connect ion  for  audio playback.

6 AUDIO IN jack plug Connect ion to volume cont ro l  for  audio
playback unit.

7 |VOICE PLAYBACK Prov ides  volume contro l  for  audio
cont ro l  playback unit.

8 CUE SELECT sw Reco rds  a shor t  cue tone on se lec ted
channel for  ident i f icat ion purposes.

9 Stop P /B  Stops opera t ion  of se lec ted  channel.
\

10 Tape cartr idge Prov ides canis ter  of magnetic recording
: tape

11 |REV P/B  Prov ides tape reve rse  drive signal on
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SIMULATOR CONTROL PROGRAMS.

The AMS computer  p rog rams  are  divided into two g ross  functional groups,
operat ional  and d iagnos t i c .  The operat ional  p rog rams  are those used  to accom-
p l ish  simulat ion of Apo l lo  spacec ra f t  systems and m iss i on  dynamics and to
prov ide s imulator  con t ro l  during on- l ine s imula t ions .  There  are five types of
operat ional  p rog rams :  (1) veh ic le  dynamics ,  (2) vehic le sys tems ,  (3) s imulator
e f f ec t s ,  (4) in te r face (MSCC) ,  and (5) s imulator con t ro l .  Simulator cont ro l
p rog rams  are c l ose l y  re la ted  to the computer  desc r i p t i on  in  th is  sec t i on  of the
handbook and are d i scussed  he re  for  that r eason .  Vehic le  dynamics ,  vehic le
sys tems ,  simulator e f fec t s ,  and in ter face p rograms are  d i rect ly  re la ted  to the
sys tem and m iss i on  simulat ion and are d i scussed  with r espec t  to such
simulat ion in  sec t ion  2 of this volume.

The d iagnost ic  p rog rams  are  used  to determine status and condit ions of
the s imulator ,  to tes t  AMS equipment for  p rope r  operat ion,  and to i so la te
simulator equipment f a i l u res .  The d iagnost ic  p rog rams  are of f - l ine rout ines
used  for  t es t ,  checkout ,  and maintenance pu rposes  only and are  not the subject
of this handbook.

EXECUTIVE AND CONTROL SYSTEM.

Overa l l  cont ro l  of the AMS computer operat ion during both on- l ine ope ra -
t ion  and off- l ine functions is accompl ished  by a group of in ter re la ted computer
programs identi f ied as the execut ive and control  sys tem.  The programs
included in  the g roup  are as follows:

Superv iso ry  contro l
Interrupt  and t iming control
Input/output control
On-l ine data record ing
Step-ahead
Simulator mas te r  cont ro l

The following are other p rog rams which in ter face with the executive and
contro l  sys tem for  pu rposes  of accompl ish ing simulator cont ro l :

Real-time input/output
Malfunction inser t ion  unit
Reco rde r  and p lot ters
Data re t r i eva l
Uti l i t ies

The var ious contro l  and synchronizing functions of the executive and
cont ro l  sys tem are l i s t ed  as follows:

® Scheduling and sequencing a l l  operat ional  p rog rams

® Performing timing functions for  p rog rams  within execut ive and contro l
sys tems
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e Monitoring and otherwise managing in ter face between var ious p rog rams
of which the executive and cont ro l  sys tem is compr i sed

eo Continuously moni tor ing for  and respond ing to p rogram in ter rupt
commands

® Reading and accompl ish ing switching requ i red  for  se lec ted  mode (s )  of
simulator operat ion (core memory al locat ion, p rograms,  rout ines,
subrou t ines ,  e t c . )

® Monitoring s to red  simulat ion data in  the th ree computers  as requ i red  for
computat ions

® Monitoring and managing inter face between execut ive and cont ro l  sys tem
and other  AMS p rograms

1 .7 .1 .1  Superv isory Control  Program.

The superv isory  cont ro l  p rog ram de te rm ines  which p rog rams  are
operat ing in  the AMS compute rs  at any g iven t ime .  Fac to r s  measu red  and
responded  to in  accompl ish ing such cont ro l  are the AMS mode of operat ion,  the
m iss ion  phase be ing  s imulated,  normal rout ines for  mode phase ,  and priority
inputs or ove r r i des  to the normal  rou t i nes .  Two ma jo r  rout ines make up the
superv i so ry  cont ro l  p rog ram,  the schedu le r  routine and the phase r  rout ine.

The schedu le r  routine initiates each of the p rog rams  requ i red  fo r  the
simulat ion in the i r  appropr ia te  sequences  fo r  the AMS mode phase .  As each
commanded p rogram is completed,  control  is returned to the scheduler routine
for  in i t iat ion of the next p rog ram in  the schedule.

The phase r  rout ine measu res  and evaluates the p rog ress  of the s imulat ion
at each i te ra t ion  in which the re  has been no change in m i ss i on  phase .  The
superv i so ry  cont ro l  p rog ram is  permi t ted to re i te ra te  in  the same cal l ing
sequence .  Where  the phase r  routine de tec t s  a change in  m i ss i on  phase ,  the
phase r  r ev i ses  the supe rv i so ry  con t ro l  p rog ram to a cal l ing sequence  app ro -
pr iate for the phase into which the simulat ion is enter ing.  The next i terat ion
of supe rv i so ry  cont ro l  p rog ram wil l  then occu r  in  acco rdance  with the new
( rev i sed )  cal l ing sequence.

1 .7 .1 .2  Interrupt and Timing Control  Program.

The in ter rupt  and t iming con t ro l  p rog ram cons i s t s  of two rou t ines ,  the
power  fa i lure interrupt rout ine and the rea l - t ime  interrupt  and t iming rout ine .
The two rout ines resu l t  in  four types of p rog ram in te r rup ts :  (1) power fa i lure
interrupt ,  (2) r ea l - t ime  in ter rupt ,  (3) a l l  fully buf fered channels f ree  interrupt,
and (4) fully buf fered channel f ree  interrupt.

The pu rpose  of the power fai lure in terrupt  is to accomp l i sh  immediate
s to rage  of al l  p rogram data as a function of impending power  fai lure so that
such fai lure does not resu l t  in  a requi rement  to r ep rog ram complete ly  when
power  is r es to red .  The power fai lure in terrupt  routine is init iated in  the event
of an ou t -o f - to le rance  condit ion of the pr imary a-c  input power .  The rout ine
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Figure 1-108. Input/Output Control  Program
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s to res  the data in  the computat ion reg i s te r s ,  the s tatus of the channel enable
f l i p - f l ops ,  and the contents of the p rog ram reg i s te r  at the t ime the interrupt is
in i t ia ted.  Recovery  f rom the power  fai lure will cause the s imulator  to go into
f reeze  mode .  The i ns t ruc to r -ope ra to r  then has the opt ion of a run or r ese t
mode .

The rea l - t ime  in terrupt  and timing routine synchron izes the centra l
t iming sys tem,  the supe rv i so ry  cont ro l  p rog ram,  and the va r ious  rea l - t ime
funct ions of the s imulat ion in  p rocess .  The rout ine responds  to the
50 -m i l l i second  interrupt  f r om the cent ra l  t iming equipment .  If the s imulator
is  not in  the run mode ,  the rout ine s to res  the data i n  the computat ion reg i s te r s
and contro l  is re turned to the superv isory  control  p rog ram.  If the simulator
i s  in  the run mode ,  the ent i re  rea l - t ime  s imulat ion s i tuat ion is  updated  by
50 m i l l i seconds .  When the rout ine i s  comp le te ,  the schedu le r  rout ine i s
re in i t ia ted  un less  the mos t  r ecen t  50 -m i l l i second  interrupt  has r esu l t ed  in  a
requ i rement  for  a change in phase .  I f  the la t ter  is  t r ue ,  the phase r  routine is
in i t iated and is  fo l lowed by the init ial i terat ion of the r ev i sed  cal l ing sequence.

The two in terrupt  rout ines re lat ing to fully buf fered channel availability
are  for  the pu rpose  of maintaining supe rv i so ry  control  p rogram cognizance of
channels avai lable for input/output switching.

Input/Output Contro l  P rog ram.

The input/output cont ro l  p rog ram is p rov ided  for  two pu rposes :  to
manage the compu te r - t o -pe r i phe ra l  equipment in ter face in  the f r eeze  mode
and to synchron ize  digi tal  record ing  with rea l  t ime (minute and hour quant i t ies)
when the AMS is in  any mode  other  than f r eeze .  The input/output cont ro l
p rog ram is not  to be confused  with the rea l - t ime  input/output cont ro l  p rogram
d iscussed  in  pa ragraph  1 .7 .2 ,  The rea l - t ime  p rog ram manages the computer -
to -pe r iphe ra l  equipment in ter face in  a l l  modes  o ther  than f r eeze .  The
p rog ram log i c  is  i l l us t ra ted  in  f igure 1 -108 .

When the input/output contro l  p rogram is initiated by the superv i so ry
con t ro l  p rog ram,  a check  is made to de te rm ine  whether  the run or f r eeze  mode
is in  ope ra t i on .  I f  i n  the run mode ,  any e r ro r  messages  or  operat ing i ns t ruc -
t ions  wi l l  be read  out to the t ypewr i te r .  Next,  the f rame counter ,  which is
i nc remen ted  eve ry  50 m i l l i seconds ,  is  checked  to see i f  1 minute has elapsed.
If  not ,  the p rog ram re tu rns  to the main  execut ive p rog ram.  During the f rame
fol lowing the minute in te rva l ,  con t ro l  is  t r ans fe r red  to the data r eco rd ing
p rog ram,  which reco rds  spec i f i ed  pa rame te rs  on tape .  A th i rd  check  is  made
to  de te rm ine  i f  1 hour  has  e l apsed .  I f  so ,  con t ro l  i s  t r ans fe r red  to the sa fe
s to re  rout ine ,  which automatically s to res  se lec ted  pa ramete rs  to be used  fo r
rese t t i ng .

I f  the f i r s t  check  de te rm ines  the s imula tor  to  be i n  the f r eeze  mode ,  the
typewr i ter  is enab led for  inputs to the computer. The L and D are the only
val id cha rac te r s  that,  when typed in,  wil l  init iate other rou t ines .  When L is
typed in ,  the on- l ine  typewriter core  memory  in ter rogat ion routine is  ca l led up
to accep t  the res t  of the message  which reques t s  t rans fe r  of information to or
f rom the memory  as spec i f i ed .  I f  D is  typed in,  cont ro l  is  t r ans fe r red  to the
of f - l ine maintenance and d iagnost ic  in ter face contro l  p rog ram.
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Rese t  can be reques ted  during the f r eeze  mode .  In  the r ese t  rout ine,  all
parameters  are rese t ;  upon complet ion, the message "interval reset  comple te"
wil l  be typed out and control  returned to the superv iso ry  contro l  p rog ram.

On-L ine Data Reco rd ing  Program.

The function of the on- l ine data record ing  p rogram is  to r eco rd  144
se lec ted  var iab les  and Boolean quanti t ies eve ry  minute. The data included in
th is  bas i c  144 ,  a long with other  operat iona l  data,  i s  the sub jec t  of  sec t i on  6
(Simulat ion Output Data)  of Volume II  of this handbook.

When the simulator is in  the run mode ,  the 144 se lec ted  parameters  are
sampled once every  1200 i terat ion pu l ses  ( 50 -m i l l i second  ra te )  in  the manner
explained in paragraph 1 .7 .1 .  3.

Step-Ahead Program.

The s tep-ahead  program prov ides the capability of advancing the SCM
along the t ra jec to ry  at a rate f as te r  than rea l  time. The p rogram is  effective
in  both the nonintegrated and the integrated training mission.

During a nonintegrated m iss i on ,  the s tep -ahead  p rog ram is in i t iated by
the inser t ion  of the des i r ed  simulated GMT via the typewriter and the dep res -
s ion  of the s tep -ahead  swi tch- l ight  during the f r eeze  mode .  Th is  in i t ia tes a
ser ies  of p rograms to be cal led which mechanize the step-ahead function. The
centra l  timing p rogram updates al l  c locks  and other quantit ies as requ i red .
Cer ta in  pa rame te rs  f rom the equation of mot ion p rog ram which are used  to
calculate orbi tal  d rag  are ca l led up, and these inputs are  used  by the ae ro -
dynamic f o r ces  and moments p rog ram to compute the orb i ta l  d rag .  The EOM
program is  again p rog ramed ;  at which t ime ,  the SCM pos i t ion and veloc i ty  of
the vehicle is so lved.  These computations are used by the v isual  system
equations to dr ive the MEP f i lms ,  providing the co r rec t  v isual  e f f ec t s .  The
G&N p rog rams  are then ca l led up to update their t ra jec to ry ,  t ime,  and W
matr ix .  Upon complet ion of these p rog rams ,  the s tep -ahead  l ight is  turned off
and the s imulator  is  returned to the f r eeze  mode.

During an integrated m iss ion ,  the procedure  is s imi lar  to the non-
in tegrated with the following except ion.  A nonrea l - t ime input/output p rogram
t rans fe rs  data f rom the GSSC to the AMS common memory  when the MSCC
inter face p rog ram compares  the GSSC time to the t ime updated by the CTE
program and finds that the times are the same. F rom that point on, the step-
ahead p rogram functions in the same manner as the nonintegrated mode.

Simulator Mas te r  Contro l  P rog ram.

The simulator mas te r  cont ro l  p rogram prov ides  the ins t ruc to r -opera to r
with the capabil i ty of contro l l ing s imulator operat ion through the IOS simulator
contro l  panel .  The extent of contro l  of the AMS is  dependent upon the mode of

operation. During an in tegra ted m iss i on ,  the ins t ruc to r  ope ra tes  the simulator
at the verba l  d i rec t ion  of the simulat ion superv i so r  loca ted  in  the m i ss i on
operat ions control  room (MOCR) .  In  the AMS nonintegrated mode ,  the
inst ructor  -ope ra to r  has complete contro l  of the AMS.
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The mas te r  cont ro l  p rogram computes  the log ic  equat ions that provide
the IOS cont ro l  funct ions;  that i s ,  run,  go ,  f r eeze ,  s tep  ahead ,  ho ld ,  reset,
r ecyc le ,  and s to re  a t  l eas t  once  each  0 .8  second .  The fol lowing i s  a b r i e f

desc r ip t i on  of the mechanizat ion of the cont ro l  functions.

Run. When the RUN pushbutton is  dep ressed ,  a command is  en te red  into
a l l  th ree compu te rs .  I f  a l l  computers acknowledge rece ip t  of the com-
mand, an output is  sent to the READY por t ion  of the sp l i t - l eve l  READY -
RUN ind ica tor .  The f r eeze  function is  a lso rende red  inac t ive .  Upon
rece ip t  of the next l -minute  pu lse  f rom the t ime s tandard or GSSC, the
computer  output ext inguishes the READY lamp and i l luminates the RUN
lamp indicating the beginning of rea l - t ime  s imulat ion.

Go. The go function is only act ive during a prelaunch condit ion. During
an integrated m iss ion ,  the simulation superv isor  shal l  verbal ly notify the
i ns t ruc tor  when the m iss i on  is  to beg in .  Upon this command,  the i ns t ruc -
to r  wi l l  dep ress  the GO pushbutton which en te r s  a command into the
compu te r .  The computer  wil l  put out a s ignal  which illuminates the
READY por t ion  of the sp l i t - l eve l  READY -GO ind ica to r .  Upon  rece ip t  of
the T -6C-second  d i sc re te  f rom GSSC,  the READY lamp sha l l  ex t inguish,
the GO lamp shal l  illuminate, and the countdown f rom T -60 seconds
commences .  During a nonintegrated m iss i on ,  the same p rocedu re
occu rs ,  but the T -60 -second  d i sc re te  o r i g ina tes  f rom the t ime s tandard .

Freeze .  The act ivat ion of the FREEZE pushbutton causes  the computer
to  ext inguish the RUN lamp,  i l luminate the FREEZE lamp,  and rea l - t ime
simulat ion ceases  at that point.  Continuation of the m i ss i on  wil l  beg in
upon rece ip t  of the next 1 -minu te  pu lse  following activation of the RUN
pushbutton. |

Hold.  The hold function is only act ive during a prelaunch condit ion.
During an in tegrated m iss i on ,  the ho ld  d i sc re te  t ransmi t ted  f rom the
GSSC causes  the computer  to ext inguish the GO lamp,  i l luminate the
HOLD lamp,  and stop the TO/FROM LAUNCH t ime rs ,  but does not stop
simulated GMT c locks .  The same occurs during a nonintegrated m i ss i on
i f  the HOLD pushbutton is  dep ressed .  In  both cases ,  re in i t ia l izat ion
mus t  be accomp l i shed  be fo re  the m i ss i on  can continue.

Rese t .  The act ivat ion of the RESET pushbutton wi l l  put the s imulator
into the f r eeze  mode and ini t iate the rese t  routine of the input/output
cont ro l  p rog ram.  The rese t  routine reads  any one of 50 sets of var iab les
es tab l i shed  fo r  ini t ial  condit ion points into memory  loca t ion  f rom
magnet ic  tape .

Recyc le .  Recyc le  is  only act ive during prelaunch and is  used  in  conjunc-
t ion with the hold function. Activat ion of the RECYCLE pushbutton causes
the TO/FROM  t imers  to return to the T -60-second condit ion in the
in tegrated mode .  In  the nonintegrated mode, the t ime rs  return to T -60
seconds  and the launch-boost  tape is  returned to i ts  s ta r t  point.
Act ivat ion of the GO pushbutton removes  the recyc le  and hold functions.
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e S tep -Ahead .  Act ivat ion of the STEP-AHEAD pushbutton a lso  in i t iates the
f reeze  mode in  addi t ion to the s tep -ahead  mode .  The computer  wi l l
accept a new t ime f rom one of the following inputs:  GSSC during an
integrated m iss ion ,  or by typewriter during a nonintegrated m i ss i on .  The

computer  wi l l  update a l l  p rog rams  by this del ta time. Continuation of the
m iss ion  f rom the new point is  accompl i shed  by act ivat ing the RUN
pushbutton.

® Sto re .  Dep ress ing  the STORE pushbutton en te rs  the computer into the
s to re  rout ine without in te r fe r ing  with r ea l - t ime  s imula t ion.  The routine
wi l l  s t o re  ce r t a i n  va lues  in  memory  at the i ns t r uc to r ' s  r eques t .  The
STORE lamp is  i l luminated upon dep ress ing  the swi tch and is  ext inguished
as a function of next 1 -m inu te  pulse.

REAL-TIME INPUT/OUTPUT  PROGRAM.

The purpose  of the r ea l - t ime  input/output p rogram is  to manage the
t rans fe r  of data between the compute rs  and the data conve rs ion  equipment and
a lso  con t ro l  data t rans fe r  between compu te rs .  The equipment contro l led by the
rea l - t ime  input/output p rogram consis ts  of the input/output contro l  box, a t ime
mult ip lex uni t ,  fully bu f fe red  channe ls ,  an access  distr ibut ion uni t ,  and the
intercomputer communication uni t .  The input/output con t ro l  box i n te r faces  the
data conve rs ion  equipment and the comput ing sys tem.  The t ime multiplex unit
ac ts  as a switching dev ice  be tween  the cont ro l  box and the in tercomputer  com-
municat ion unit .  The access  d is t r ibut ion unit p rov ides  the access  to the
common memory .  The in tercomputer  communicat ion unit p rov ides  the means
for  in tercomputer  t r ans fe r .  Two fully buf fered channels are  used :  one links
the sys tem E computer  with the cont ro l  box and the ICCO;  the o ther  connects
the TMU with the ADU in o rde r  to ga in  access  to the common memory .  (See
f igure 1 -86 . )

The rea l - t ime  input/output p rog ram is p laced in  only two computers
because  of the common  memory  configuration with the o rde r ,  r ange ,  and

add ress  of the dev ice  varying in  each compu te r .  The p rog ram is  accompl i shed
at an i te ra t ion  rate of 20 t imes  per second .  Accompl ish ing the t rans fe r  of
data f rom a spec i f i c  i t em of data conve rs i on  equipment is cal led ' ' se r v i c i ng  the
dev i ce ' ' ,

The rea l - t ime  input/output p rog ram cons i s t s  of the following four
rou t i nes :

Setup routine and in tercomputer  data t rans fer
Real - t ime input/output t ransfer
Transm iss ion  complete
T rans fe r  fa i lure

Figure 1 -109  is  a f low diagram of the rea l - t ime  input/output p rogram
showing the rout ines and the i r  re la t ionship  to each o the r .  Inputs f rom the
ground suppor t  s imulat ion computer (GSSC) in  the m i ss i on  cont ro l  cen ter  are
prov ided to the AMS through a computer  - to -compute r  buffer sys tem when the

1 -329



SMéT-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

simulator  i s  in  the in tegrated mode of opera t ion .  The input/output passed
ac ross  the AMS- to -GSSC inter face in  the in tegrated mode are at the same
20 t imes  per  second  as fo r  the nonintegrated mode.

NOTE

Range is  def ined as the number of data items to be
t rans fe r red  to a g iven dev i ce .  Range data is  used  by
the input/output p rogram to determine that t ransfer
to one dev ice is  complete  and init iate advance to the
next device.

1 .7 .2 .1  Setup and Intercomputer Data T rans fe r  Rout ines.

The pu rpose  of the setup and intercomputer data t r ans fe r  rout ines is  to
per fo rm the init ial p repara t ions  fo r  an i te ra t ion of the rea l - t ime input/output
p rog ram and to accomp l i sh  the initial t ransfer  funct ions ( in te rcomputer )  within
that i terat ion.

The s ta r t  in  f igure 1 -108  is  representa t ive  of any 50 -m i l l i second  i terat ion
pu lse  f rom the cent ra l  t iming equipment.  P r io r  to initiating a new iteration,
the p rog ram checks  to see that a l l  of the t r ans fe r s  (or t r ansm iss ions )  of the
p rev ious  i te ra t ion  have been comp le ted .  If  the p rev ious  t r ansm iss ion  has not
been comple ted  the t rans fe r  fai lure routine is ini t iated. If  the p rev ious  t r ans -
m iss i on  is comp le ted ,  the a l l -FBCs- f ree  interrupt  is  enab led ,  thereby
estab l ish ing FBC read iness  for  a new i tera t ion of data t r ans fe r .

When the a l l -FBCs - f r ee  s ignal  is  r ece i ved ,  two of the computers  wil l
accompl i sh  in tercomputer  data t rans fe r  while the th i rd  computer updates SCS
contro l  inputs.  When in tercomputer  t rans fe r  is  comple ted ,  the a l l -FBCs - f r ee
interrupt  is  d i sab led .

When in te rcompu te r  data t r ans fe r  i s  comp le ted ,  the se tup  and i n te r -
computer data t rans fe r  rout ines per fo rm three addit ional subrout ines as a
function of a l l -FBCs - f r ee  d i sab le .  These  subrout ines set the ranges  for  each
compu te r -DCE i n te r f ace ,  check sense l i nes  f r om the MIU and compu te r - t o -
computer  buffer ( i n teg ra ted  mode on ly ) ,  and read  and rese t  the MIU,  i f  set.
The FBC- f ree  in terrupt  is  enabled at the complet ion of th is rout ine,  thereby
making the FBCs  avai lable for  the rea l - t ime  input/output t rans fe r  routine.

NOTE

An FBCs- f r ee  interrupt is  genera ted  within each
computer when the computer  has comple ted  i t s  data
t r ans fe r .  When a l l  computers  r eg i s te r  FBCs  f r ee ,
and a l l -FBCs - f r ee  in terrupt  r esu l t s .

1 .7 .2 .2  Rea l -T ime Input/Output Trans fer  Routine.

The rea l - t ime  input is en tered  with the FBCs- f r ee  interrupt and the pro-
gram commences  immediately to p rog ress  through computer  - t o -DCE channels ,
The routine is shown between the enter blocks in f igure 1-108. The routine
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f i rs t  resets  the interrupt  signal and de l i vers  FBC range reg i s te r  contents to
the device being se rv i ced .  The program then tests the device to see i f  i t  is the
l a s t  dev i ce  to be  se rv i ced  in  the p rog ram,  has  o r  has  not  been  se rv i ced ,  o r
dev ice  is  busy .  When the compu te r - t o -DCE in te r face  is  es tab l i shed  fo r  the
next dev ice  in  the p rog ram,  the rout ine es tab l i shes  appropr ia te  switching fo r
e i ther  input or output, and data t r ans fe r  is accomp l i shed .  When the data to be
t r ans fe r red  is  en te red ,  the completed en te r  funct ion in i t ia tes the sequence for
the next dev ice  to be serviced,

Transfer  Complete  Routine.

When a r ea l - t ime  input/output routine responds  yes to Las t  Dev i ce? ,  the
t r ans fe r  - comp le te  rout ine is  in i t ia ted.  The t r ans fe r - comp le te  routine doub le-
checks  Las t  Dev i ce?  and re tu rns  con t ro l  to the execut ive  p rog ram awaiting the
next i tera t ion or s t a r t  i f  the answer  is  yes .  I f  the answer  is no, the routine
que r i es  T ransm iss ion  Complete  ? and re turns to the channels fo r  which data
t rans fe r  has not been  accomp l i shed .

Trans fe r  Fa i l u re  Rout ine.

Paragraph 1 .7 .2 .1  explains that the f i r s t  s tep in  the se tup and i n te rcom-
puter t ransfer  routine is to test T ransmiss ion  Complete? and a yes is requ i red
to p roceed  with that rout ine.  If  no is the r esponse  to the t es t ,  the t rans fe r
fai lure routine is in i t iated. The logic of the routine is inc luded in f igure 1-108.

The t rans fe r  fai lure rout ine will r eco rd  the dev ice  that has not completed
t rans fe r .  I f ,  a f ter  t h ree  t ime f r ames  have e l apsed ,  data t rans fe r  s t i l l  has not
been completed,  the order of serv ic ing the device wil l  be modif ied and three
more  at tempts wi l l  be made to t r ans fe r  v ia the channel .  I f  th is is  unsuccessful ,
data t r ans fe r  via the next channel wi l l  be at tempted.  If  the next channel a lso
fa i ls to t r ans fe r ,  an output device fail ing signal is generated. If the next
channel succeeds  in  t rans fe r r i ng  the data ,  a channel fail ing (the prev ious one)
s igna l  is  generated.

MIU PROGRAM.

The con t ro ls  and d isp lays  of the malfunct ion i nse r t i on  unit (MIU)  a re
descr ibed  at length in sect ion 1 of Volume I of this handbook. Instruct ions for
operat ing the MIU are p rov ided  in sec t i on  1 o f  Volume I I .  The MIU p rog ram is
the computer  sof tware requ i red  to use the MIU for loading s imula ted mal func-
t ions into the compu te rs ,  enabl ing MIU con t ro l  and d i sp lays ,  enter ing and
c lear ing  mal funct ions,  and p rocess ing  inputs and outputs to the MIU sys tem.
The MIU p rog ram is the same for  a l l  t h ree  compu te rs .  The p rog ram involves
three rout ines as follows:

® In i t ia l izat ion rout ine
e¢ Main rout ine
® Mas te r  c lear  rout ine
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In i t ia l izat ion Rout ine.

The init ial izat ion routine is  used  to c lea r  the MIU display pane ls ,  enable
the MIU  con t ro l s ,  es tab l i sh  initial va lues  fo r  the MIU  p rog ram,  and i n se r t  p re -
p rog ramed  and /o r  t ime-dependent  malfunct ions p r i o r  to on - l i ne  simulation.
During the opera t ion  of the rou t ine ,  the computer  connected to the ca rd  r eade r
and l ine pr in ter  is  cons ide red  the mas te r  compute r ,  The mas te r  wi l l  r ead  in
the des i r ed  mal funct ions,  t rans fe r  the necessa ry  data to the other  compute rs ,
and r eco rd  the status of the malfunct ions on the l ine printer.

P r io r  to reading in  the se lec ted  mal funct ions,  the in i t ia l izat ion routine
es tab l i shed  init ial condi t ions by c lear ing al l  malfunct ions and rese t t ing  the
t ime-dependent  coun te rs  to ze ro .  Ca rds  fo r  the des i r ed  t ime-dependent  and
p rep rog ramed  malfunct ions are then read  into the mas te r  compute r .  The
mas te r  computer  examines the sys tem code of each malfunction to determine
i ts  val id i ty.  I f  the sys tem code is not va l id ,  the malfunction is  r e j ec ted ,  and a
message  is  typed out on the l ine pr in ter  indicating an invalid condit ion. I f  the
sys tem code is  p rope r ,  a check is  made to de termine whether the mas te r
computer  does contain the s imulated sys tem for  which the malfunction is
appl icab le .  If not, the malfunction is t rans fe r red  to the slave computer .  If so,
the malfunction code number is  checked for  validity. I f  val id and not a t ime -
dependent malfunct ion, the malfunction is  then en te red  into the computer and a
readou t  i s  made on the l ine p r i n te r .

I f  the malfunction is  t ime dependent,  two checks  are  made be fo re  the
malfunction is  e i ther  en te red  or re jec ted .  Only 15 t ime-dependent  malfunctions
can be en te red  into each compute r ,  and these  mus t  be spaced  no less  than
91 seconds  apa r t .  I f  a validity check  of t hese  cond i t ions  i s  passed ,  the ma l -
function and i t s  t ime of ac t ivat ion ( t ime f rom launch)  is  s t o red  in  memory  as a
t ime-dependent  malfunct ion, anda  readout  is  p rov ided on the l ine p r in te r .

When the mas te r  computer  does not contain the sys tem for  which a mal-
function has been i nse r ted ,  the malfunct ion is t r ans fe r red  to the s lave
compute r .  The malfunction unde rgoes  the same checks  in  the s lave computer
as desc r i bed  in  the mas te r  be fore  being en te red  or r e j ec ted .  Th is  routine is
comp le ted  when al l  the ca rds  in  the ca rd  reader  have been p rocessed .

Main Rout ine.

The MIU main  routine is  operat ional  throughout the s imulator  run.  The
main rout ine act ivates each t ime-dependent  malfunct ion at the p rope r  t ime and
ente rs  and /o r  c l ea rs  malfunctions through the MIU con t ro l  pane ls  on the I0S.

Entry into the main routine is made in r esponse  to a sense l ine being set
when an input wo rd  f r om the MIU is  r eady .  The opera t ion  of the routine is
p red ica ted  upon t h ree  di f ferent  si tuat ions as follows:

® Whether a t ime-dependent  malfunct ion is  be ing d isp layed  ( less  than
90 seconds to entry)
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® Whether i t  is  t ime to d isp lay a time-dependent malfunction (90 seconds
before ent ry)  |

e If a malfunction is  being i nse r t ed  f rom the MIU contro l  panel

I f ,  upon entry into the rout ine, a time-dependent malfunction is being
d isp layed  ( impend ing) ,  a check  is  made to de termine whether the ins t ruc to r  has
at tempted to c l ea r  the malfunct ion. If  not ,  a t ime- to -ac t i va te  counter  is
dec remen ted  each i te ra t ion until the counter equa ls  ze ro ,  at which t ime the ma l -
function is en te red  into the sys tem.  If  the ins t ruc tor  has c l ea red  the malfunction,
the t ime- to -ac t iva te  counter  is r ese t  to ze ro  and cont ro l  re turned to the
execut ive p rog ram.

The second  s i tuat ion occu rs  when no t ime-dependent  malfunction is  being
d isp layed,  but the t ime for  such a malfunction is  impending. The t ime for each
t ime-dependen t  malfunct ion to be d isp layed  is s t o red  in  the compute r .  The
rout ine checks  the s to red  t ime -dependen t  ma l func t i ons ;  and i f  the t ime has
a r r i ved  to d isp lay the malfunct ion, an impending code is  genera ted ,  and the
time - to -ac t i va te  counter  is  set at T -90 seconds ,  The routine then returns to
the executive p rog ram,  and the next entry into the main  MIU routine wil l  fol low
the cou rse  desc r i bed  i n  the f i r s t  situation.

If  nei ther of the two a forement ioned situations ex i s t s ,  the MIU routine
checks  the malfunct ion word  i nse r t ed  f rom the MIU cont ro l  pane l .  Th is  ma l -
funct ion is g iven a validity check .  If the validity check  is passed ,  the computer
to which the malfunct ion app l ies  is  l oca ted  and a code number validity check is
made .  Upon accep tance ,  the malfunct ion add ress  is s t o red ;  this a lso  checks
whether  the mal funct ion has  been  en te red  p rev ious l y .  I f  so ,  an  en te red  code i s
gene ra ted ;  i f  no t ,  the mal funct ion becomes  ac t i ve ,  and the rout ine re tu rns  to
the execut ive p rog ram.

MIU Mas te r  C lea r  Rout ine .

The mas te r  c l ea r  routine is en te red  once each 50 m i l l i seconds  when the
mas te r  c l ea r  sense l ine is set by dep ress ing  the MASTER CLEAR ALL
SYSTEM swi tch .  The mas te r  c l ea r  routine is compr i sed  of five subrout ines
which wi l l  c l ea r  a l l  t ab les ,  c l ea r  a l l  ma l funct ions ,  set the t ime-to-activate
counter  to ze ro ,  and p resen t  a v isua l  indicat ion on the d isp lay pane l .

PLOTTERS AND RECORDERS PROGRAM.

The funct ion of the p lo t te rs  and r eco rde rs  p rog ram is  to provide a com-
p le te ly  f lex ib le capability to r eco rd  any s imulat ion pa rame te r  f rom pen
reco rde r  t r ansc r i p t i on  on the X - T and /o r  X - Y r eco rde rs .  Sec t ion  6 of
Vo lume II  of th is handbook inc ludes a l l  the pa rame te rs  and the i r  p rogram
symbols  which can be r eco rded .  Deta i led  operat ing p rocedu res  for  imp le -
menting th is  p rog ram are found in sec t i on  1 of Volume II.

The p lo t te rs  and r eco rde rs  p rog ram opera tes  in  two pa r t s .  The f i r s t
prov ides the input to the computer for  the se lec t ion  of the parameter ,  i t s
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locat ion and sca le  fac to r ,  and the part icular r eco rde r  and channel on which i t
is  to be r eco rded .  This information is  en te red  through the IOS typewr i ter
during the f r eeze  mode of operat ion or  during a p rem iss ion  setup.

The second  part  of the p rogram is the outputting of the parameter  to the
se lec ted  r eco rde r  or plot ter during the s imulated m iss i on .  This is  accom-
pl ished by extract ing the parameter  f rom i ts  ass igned  locat ion,  scal ing and
conditioning the pa rame te rs ,  i f  necessa ry ,  and s tor ing it in  the output s to rage
locat ion for  t r ansmiss ion  to the r eco rde r .

The reco rde r  p rogram opera tes  at an i terat ion rate of 20 t imes  per
second, regard less  of whether any parameter  has been selected for record ing
or not.  If  no parameters  have been se lec ted  fo r  reco rd ing ,  the p rogram
returns immediately to the executive program without further execut ion of the
reco rde r  p rog ram.

1 .7 .5  UTILITY SYSTEMS.

The utility sys tems provide the operat ing a ids ,  debugging a ids ,  p roces -
so rs ,  utility p rog rams ,  and l ibrary p rograms for  the computer complex.  In
addit ion, suppor t ,  maintenance, and development tasks  are a lso  cont ro l led  by
the utility sys tem.

1 .7 .6  LIBRARY OF PROGRAMS,

The following tables constitute the operational and maintenance programs
deve loped fo r  the use of the AMS.

Table 1 -81 .  Simulator Contro l  P rog rams

Program No. Program Name

28 Executive and cont ro l  sys tem
28A Superv i so ry  cont ro l
28B Interrupt and t iming contro l
28C Input/ output control
28D On- l ine data record ing
28F Step ahead
28G Simulator mas te r  control
30 Real - t ime input/output
30A DCE input/output
30B AMS computer  - t o -compu te r  t rans fe r
31 Malfunction inse r t i on  unit
31A Ini t ial izat ion rout ine
31B Keyboard simulator
31C Main routine and mas te r  c l ea r  routine
32 Preoperat iona l  and contro l  sys tem
34 Plo t ters  (X -Y ) ;  r eco rde rs  (X -T )
35 Utilities
38 Data re t r ieva l
40 Data poo l
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37
50
51
52
53
54
55
55A
55B
55C
55D
61
61A
61B
61C
61D
61E
66
71
72
T2A
72B
72C
72D

Program No.

6
21
21A
21B
21C
21D
22
23
24
25
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Table 1 -82 .  D iagnost ic  P rog rams

Program Name

Digi ta l  readout
Cent ra l  compu te r
Tape con t ro l  units and transports
. Ore  memory
Card  punch -ca rd  reade r  cont ro l
Line p r i n te r
Compu te r  conso le
D isp lays  and sw i tches
Typewr i te r
Pape r  tape punch
Paper  tape reade r
V isua l  sys tems
Rendezvous  se rvo
Star f ie ld
Sextant and t e l escope
Rendezvous  v ideo
M iss ion  e f f ec t  p ro j ec to r
Data conve rs i on  equipment and rea l - t ime  control box
T ra jec to r y  l ink ve r i f i ca t ion
Con t ro l  and ve r i f i ca t i on
Cont ro ls  and d i sp lays  ver i fy  - supe rv i so ry
Cont ro ls  and d isp lays verify - t iming contro l
Cont ro ls  and d isp lays  verify - I /O  cont ro l
Contro ls  and d isp lays verify - DCE contro ls  and displays

Table 1 -83 .  Interface-MSCC Programs

Prog ram Name

Launch-boos t  nonintegrated
Commun ica t i ons  and instrumentat ion
Antenna e f f ec t s
Power and switching logic
Cent ra l  t iming
Antenna e f fec ts  s tat ion locat ion
S- IVB  con t ro l  and p ropu ls ion  sys tem
IMCC in ter face ( integrated)
Up-data  link
Te lemet ry  system
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a 
W

N

Program No.

13
26
27
27A
27B
27C
27D
27E
27F
27G

Program No.

7
TA
7B
7C
7D
8
8A
8B
8C
9
9A
9B
9C

10
11
12
16
17
17A
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Table 1-84. Vehic le Dynamics Programs

Program Name

Equations of mot ion
Aerodynamic f o r ces  and moments
Weight and balance
Ephemer is  data

Table 1 -85 .  Simulator Ef fects P rog rams

Program Name

Smoke
Aura l
V i sua l
Sextant star f ie ld  image generator  dr ive signals
Te lescope  dr ive signals
Rendezvous  image
Star f ie ld  g lobe d r ive  s igna ls
M iss i on  e f fec ts  p ro jec to r
Occulat ion mask
Sun s imulator (sun image p ro jec to r )

Table 1-86. Vehicle Systems Programs

Program Name

Propu ls ion  sys tems
C/M r eac t i on  cont ro l  s ys tem
S/M reac t ion  contro l  system
Serv i ce  propu ls ion sys tem ( thermodynamics)
Propel lant  ut i l izat ion sys tem
Supplementary d isp lays
Data output
V isua l
True pos i t ion  and latitude
E lec t r i ca l  power sys tem
Log ic
D isp lays
Bus equat ions
Fuel  ce l l s
Space rad ia to rs
Sequence cont ro l  g roup -emergency  detec t ion sys tem
Caution and warning system
Environmental cont ro l  sys tem
Water



SMéT-2-02
|

| B
| |

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

9 Table 1-86. Vehic le Systems Programs (Cont) |

Program No. | Prog ram Name

17B Wa te r -g l yco l
17C Suit and cab in
17D Oxygen
18 Stabi l izat ion and cont ro l  sys tem
18A AGCU, FDAI,  BMAG
18B Power  and mode l og i c
18C Thrust  vector  contro l
18D Attitude contro l
19 Cryogen ic  s to rage  sys tem
19A Oxygen
19B Hydrogen
20 Guidance and navigat ion
20A IMU
20B IMU tempera tu re
20C E r ro r  warning
20D IMU-CDU
20E IMU-CDU di f ference
20F Mode se lec t  log ic

20G Op t i cs  CDU dr ive
20H AGC up-da ta  l ink

® 201 AGC execut ive
203 AGC input/output .
20K AGC pre launch
20L AGC boos t  moni tor
20M AGC coast
20N AGC prethrust ing
200 AGC thrust ing
20P AGC in- f l ight  alignment
200 AGC entry
20R AGC CSM abort
20S AGC subrout ines

1 -337 /1 -338



eSB

SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

SECTION 2

SIMULATOR SYSTEM

2.1  PURPOSE AND SCOPE,

This  sec t i on  of the ins t ruc to r  handbook is provided to fami l ia r i ze  the
ins t ruc tor  -opera to r  with the extent and manner of s imulat ion of spacec ra f t
sys tems  i n  the AMS. Such unders tand ing  is  requ i red  for th ree  pu rposes :

e To provide the i ns t ruc to r -ope ra to r  with enough s imula t ion mechan i -
zat ion data to ef fect ively in ter face with computer o r ien ted  simulator
des ign  and maintenance pe rsonne l

e To ef fect ively use s imulated malfunct ions and te lemet ry  data §n
‘acco rdance  with the syl labus outl ined in  sect ion 3 (AMS Utilization)
of th is volume and t ra in ing sess ions  desc r i bed  in  sec t i on  2 (Sess ion
Data) of Volume II. ’

e To  plan s imu la t i on / t ra in ing  runs above and beyond those  out l ined i n
the sy l labus .

® Simulat ion of al l  aspec t s  of spacec ra f t  dynamics and the s imulat ion
of each spacec ra f t  s ys tem rep resen ted  in  the AMS are desc r i bed  i n  this
sec t i on .  Data provided inc ludes the following:

e I l l us t ra ted  d i scuss ions  of the mechan iza t ion  and computer p rog rams
for the va r i ous  dynamics  and v i sua l  sys tems  of the AMS

® A spacec ra f t  s ys tem flow d iag ram i l l us t ra t ing  each sys tem be ing
s imula ted and dep ic t i ng  the s imu la ted  mal func t ions ,  con t ro l s  and
d i sp lays ,  and te lemet ry  ins t rumenta t ion  points

@ I l lust rated d iscussions of the mechanizat ion and computer programs
for  each spacec ra f t  s ys tem be ing  s imula ted in  the AMS,

Addit ional  in format ion desc r i b i ng  ce r ta in  aspec t s  of space flight and
spacec ra f t  s imulat ion are inc luded in  Volume II of th is  handbook.  A table
of s imulated spacec ra f t  mal funct ions for  each sys tem is i nc luded  as
sec t ion  5 (Malfunct ion Data) of Volume I I .  The table inc ludes the ident i fy ing
number o f  each  mal funct ion,  t i t l e ,  desc r i p t i on ,  and c rew  response  i n fo rma-
tion. A table of simulation output informat ion is prov ided as sect ion  6
(Simulat ion Output Data) of Volume II. The table is used to select  output
parameters  to be ass igned  to pen r eco rde rs ,  TM fault channe ls ,  on- l ine
dig i ta l  dev i ces ,  e t c .  The table de f ines  each  pa rame te r ,  p rov ides  co r re l a ted

computer add ress  and switching data ,  and inc ludes data for  use in  pen
reco rde r  sca l ing.
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SYSTEMS CONFIGURATION SUMMARY,

The spec i f i c  conf igurat ion of spacec ra f t  systems s imu la ted  by the
SE 012 modi f icat ion to the AMS are f ixed as a funct ion of the design data
f r eeze  es tab l i shed  at the P re l im inary  Des ign  Review (PDR)  22,
August  1965. As a function of spacec ra f t  des ign  developments  s ince  that
date ,  ce r ta in  d i f f e rences  ex i s t  be tween the AMS and the opera t iona l
spacec ra f t .  S ince the Apollo Opera t i ons  Handbook (SM2A-03) was not
cons t ra ined  by the PDR f r eeze ,  spacec ra f t  conf igurat ion def ined the re in
has a lso  p rog ressed  with spacec ra f t  des ign  deve lopments .  D i f fe rences  i n
controls and d isp lays configurat ion for S/C 012 (as of 15 January 1966),
the Apollo Opera t ions  Handbook (15 Oc tober  1965 rev i s i on ) ,  and the Apollo
Miss ion  Simulator SE 012 modif icat ion (PDR of 22 August 1965) are
ident i f ied in  table 2 -1 .  A more  de ta i led  ana lys i s  of the d i f fe rence  be tween
the AMS and S/C 012 (as def ined in the AOH) can be accompl ished by
compar ing the contents of th is volume of the ins t ruc tor  handbook with the
current  rev is ion  to SM2A-03 -SC012  (Apol lo  Opera t ions  Handbook) .

SIMULATED SPACECRAFT DYNAMICS,

The vehic le dynamics p rog rams  are provided to s imulate al l  dynamic
aspec t s  of the Apollo spacecra f t  and m iss i on .  Computat ions include the
equations of mot ion,  aerodynamics  coe f f i c ien ts ,  and we ights  and balance
as a function of GMT e lapse .  The funct ional output of the computat ions
include spacec ra f t  geograph ic  and ce les t i a l  pos i t i on  and at t i tude.  These
are man i fes ted  in  the AMS visual sys tems  and s imula ted spacec ra f t
i ns t rumen ts .  Computat ion of these cha rac te r i s t i c s  are cont inual ly updated
from s imulated spacec ra f t  thrust ing sys tems  inputs (SPS and RCS) ,  e l apsed
t ime ,  and the opera t ion  of o ther  spacec ra f t  systems which af fect  we ight
and ba lance of the vehicle.

EQUATIONS OF MOTION,

The equat ions of mot ion compute t rans la t iona l  movement  a long,  and
rotat ional  movement  about,  the th ree spacec ra f t  axes and the requ i red
convers ion  be tween the di f ferent  iner t ia l  r e fe rence  frames.

Simulated Coordinate Systems.

The coord inate sys tems  used i n  the spacec ra f t  computat ions and
simulated in  the AMS are the ear th - iner t ia l ,  ear th -o r ien ted  spacec ra f t
body and fixed body f r ames .  These  sys tems  are briefly desc r i bed  below
and are shown i n  f igure 2-1 .

The ear th- iner t ia l  ( Ig )  f rame has i ts  o r ig in  at the ear th  cen te r .  The
Ig  is used as a re fe rence point to identify the posi t ion of ce lest ia l  bodies.
The X jp -  and Yyg -axes  l ie  i n  the equator ia l  plane of the ear th  with the
Xig -ax is  lying along the vernal  equinox. The Zig -axis is  d i rec ted  through
the earth north po le .  The inert ia l  s ys tem axes are fixed with r espec t
to fixed s ta r s .
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‘ Tab le  2-1. Sys tems  Configuration Summary

Panel Ident i f icat ion

Apol lo M i ss i on
Simulator

Apollo
Spacecraft Simulated |Instructor-

012 Command Operator
February 15, 1966 Module Stat ion AOH - SC012 - AMS Compar ison

1A13 13 18A26 GLYCOL EVAP,  BACK PRESS,  HEAT- COOL sw
(AOH & AMS);  GLYCOL EVAP,  STEAM PRESS,
INCR - DECR sw (SC012).

1A14 14 18A24 CHECK FAIL 1t (AOH & AMS);  KEY RELEASE 1t
(SC012),

1A15 15 18A25 G /M RCS, A&B HELIUM ON-OFF sw (AOH &
AMS);  C /M-S /M  SEP A&B with guards  (SC012).

C /M  RCS, A&B PROPELLANTS sw (AOH & AMS);
C /M  RCS PRPLNT A&B sw (SC012).

1A16 16 18A27 MAIN CHUTE DEPLOY sw (AOH & AMS);  MAIN
DEPLOY sw (SC012).

MODE LES,  TWR JETT  - SPS MODE sw (AOH &
AMS) ;  LES MODE,  TWR JETT-SPS MODE A&B
sw (SCO012).

EDS AUTO-OFF  sw (AOH & AMS) ;  moved down
one row i n  SCO012.

C/M-S /M SEP sw (AOH & AMS);  de le ted  in SCO012
in favor of two sw i t ches  on panel 15,

1A17 17 18A13 HF ANTENNA sw (AOH & AMS); de le ted  in  SCO012.

1A19 19 18A30 UP TLM CMD sw (AOH & SC012);  switch not in
AMS,

1A20 20 18A34  VHF ANTENNA sw,  UPPER- LOWER-RECOVERY
(AOH & AMS) ;  VHF ANTENNA sw RECOVER-
UPPER- LOWER (SC012 ) .

1A24 24 17A5 MASTER EVENT SQ CONT,  PYRO ARM & LOGIC
sw,  no guard  in  AOH & AMS; guarded i n  SC012,

1A25 25 17A2 HF ANTENNA DEPLOY A&B sw (AOH & AMS);
ANTENNA DEPLOY A&B sw (SC012).

POST LANDING, BEACON LIGHTS sw (ACOH &
AMS);  rep laced  by MESC LOGIC ARM A&B sw
(SCO012).

FLOODLIGHTS & COUCH ATTEN MNA 7 MNB sw
(AOH & AMS);  COUCH ATTEN MNA & MNB
(SC012).

1A26 26 17A7 EDS SEQ LAMP TEST sw (AOH & AMS; POST
LDG BEACON LIGHTS sw (SC012).

C/M RCS HE DUMP sw (no guard in AOH & AMS);
guarded in SCO012,
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Table 2 -1 .

Panel Ident i f icat ion

Apollo
Spacecraft

012
February 15, 1966

Battery Vent Control

Electr ica l  Pwr C /B
| Panel

ECS Steam Duct
Hea te rs

Ins t  Pwr  Contro l

Uprighting System

In-flight Test
System

Surge Tank P ress
Rel ie f  Shutoff Valve

Gir th  Frame Shelf
Contro ls

Suit Demand P ress
Regulator Assy &
Temp Contr  Evap
Over r ide  Switch

Oxygen Control
Panel

None None

Sys tems Configuration Summary (Cont)

Apollo M iss i on
Simulated

Simulated | I ns t ruc to r -
Command | Operator

Module ~ Station AOH - SC012 - AMS Compar ison

None None DUMP HEATER sw (AOH, but not SC012);  panel
not  s imu la ted  in  AMS.

4 17A2 Variat ions in  nomenclature and C /B  locat ions
between AOH, SC012, and AMS.

AOH and SC012 ag ree ;  panel not simulated in
AMS.

None None Variat ions in C /B  numbering AOH to SC012;
panel  not simulated in AMS,

None None AOH and SC012 ag ree ;  panel not simulated in
AMS,

1 15A2  AOH and  AMS ag ree ;  SC012  has addi t ional  RCS
HEATERS sw.

None None AOH and SC012 ag ree ;  panel not s imulated in
AMS,

3 None COMPARTMENT PRESSURE REGULATOR,
CLOSE NORMAL - BOOST ENTRY - DUMP
(AOH & SCO012); CABIN PRESSURE REGULATOR
CLOSE - AUTO OPEN (AMS GLYCOL TO RAD
valve (AOH & AMS) ;  S /M  GLYCOL SHUTOFF
valve (SC012).

AOH and SC012 contain SUIT TEST valve and
REGULATOR SELECTOR sw, 1 -2 -1&2 -OFF .
AMS contains SUIT PRESS TO TEST sw and
REGULATOR SELECTOR sw i t ch ,  1 REG-BOTH  -
2 REG.

5 None

8 None S /M  SUPPLY REGULATOR, 1 -OFF-2 -1&2  (AOH
& AMS); MAIN REGULATOR PRESS TO ROTATE,
1-OFF-2-NORMAL (SC012).

TANK PRESSURE REGULATOR, SELECTOR
INLET, and SELECTOR  OUTLET ,  both OFF-1 -
1&2-2  (AOH & AMS).  WATER TANKS PRESSURE

+ REGULATOR SELECTOR  INLET AND RELIEF,
"GLYCOL TANKS PRESSURE REGULATOR
SELECTOR  INLET AND RELIEF, WATER TANKS
PRESSURE REGULATOR SELECTOR OUTLET,
GLYCOL TANKS PRESSURE REGULATOR
SELECTOR  OUTLET a l l  OFF-1-NORMAL-2
(SC012).

PLSS F ILL ,  CAUTION (AOH & AMS);  PLSS FILL,
CAUTION 900 PSI - CLOSE VALVE BEFORE
REMOVING CAP (SC012).
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Table 2-1. Sys tems  Conf igurat ion Summary (Cont)

Panel  Ident i f i ca t ion

Apollo M iss ion
Simulator

Apollo
Simulated | Instructor-Operations Spacecraf t

Handbook-AOH 012
October  15, 1965 February 15, 1966

9 Wa te r  Con t ro l  9
Pane l

10 Coolant  Contro l  10
Panel

LOWER EQPT BAY

3 Map & Data Viewer 3
Pnl

5 Opt i cs  Control 5
Pane l

9 Pyro Bat tery  9
Panel

10 Gas
Chromotograph

Command
Module

None

Operator
Station

None

None

16A2

16A12

17A8

None

AOH - SC012 - AMS Comparison

EMERGENCY INFLOW REGULATOR (AOH &
AMS);  EMERGENCY CABIN PRESSURE (SC012).

CABIN PRESSURE REGULATOR (AOH & AMS);
CABIN DEPRESS (SC012).

WASTE WATER SERVICING,  ON-OFF  (AOH &
AMS) ;  WASTE WATER SERVICING, OPEN-
CLOSE (5C012).

WASTE TANK SERVICING SHUTOFTF labe l  (AOH
& AMS) ;  labe l  de le ted  in  SC012 .

OVERBOARD PRESSURE RELIEF,  OFF-ON-
AUTO (AOH & AMS);  PRESSURE RELIEF OFF-1 -
BOTH-2  (SC012).

POTABLE TANK SHUTOFF,  ON-OFF (AOH &
AMS); POTABLE TANK INLET ,  OPEN-CLOSE
(SC012).

WASTE WATER S /M SUPPLY SHUTOFF,  ON-
OFF (AOH & AMS) ;  WASTE TANK INLET ,
OPEN- CLOSE (SC012).

SUIT EVAP GLYCOL ON -OFF  (AOH & AMS);
SUIT EVAP GLYCOL,  PUSH TO ENGAGE
(5C012).

Warning l ights  on AOH and AMS panels have been
changed; moved to a new panel and rearranged in
SCo012.

ASTRO SEXTANT DOORS INDICATOR & DRIVE
added  to SC012 ;  not  in  AOH o r  AMS.

OPT ICS  TRACK l i gh t  (AMS) ;  no t  l abe led  i n  AOH
or  SC012 .

PYRO B, HF ANT DEPLOY C /B  (AOH & AMS);
de le ted  in SC012. BAT C PWR POSTLANDING &
ENTRY,  BAT B PWR ENTRY & BAT A PWR
ENTRY (AMS);  BAT C PWR,  BAT B PWR, &
BAT A PWR (AOH & S5C012).

AMPL CAL (AOH) ;  l owe red  in  SC012, Panel not
simulated in  AMS.



2-6

SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

BODY X
OINT oN Fone] f t

VEHICLE | 
Xeg

[POINT oN
A VEHICLE

CENTER, AFTEp  ] [Ferenc ]OF GRAVITY

CENTER OF
EARTH

a J
EQUINO

JE .

Ta

(NORTH)

(EAST)
(TO CENTER OF EARTH)

YE
Xpp Yeq eA  "] t—_BODY X

AXIS

CENTER, AFT | \FB FRAME [ON VEHICLE[aia LD y
Zep B FRAME

TO FIXED PT CENTER OFGRAVITY
[ony 7 ON VEHICLE} ro FIXED PT

Figure 2 -1 .  Simulated Coordinate Sys tems
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The  ea r t h -o r i en ted  (E)  f rame i s  not  an i ne r t i a l  s ys tem.  The
E f rame is  used  for  the spacec ra f t  coord inate sys tem in  l oca l  ver t i ca l
mode .  I ts  o r i g i n  is  the cen te r  of mass  of the spacecra f t .  The Xp  ax is
is  d i r ec ted  toward the ea r t h ' s  magne t i c  north and w i l l  change i ts  d i r ec t i on
with changes  i n  lat i tude of the spacec ra f t ,  the Yr axis  is  d i r ec ted  toward
the ea r t h ' s  east  and wi l l  a lso change i t s  d i rec t i on  as the spacec ra f t  o rb i t s
the ea r th .  Both the XE and YE axes are perpend icu la r  to an ex tens ion  of
the ea r t h ' s  rad ius  and l ie  i n  a p lane which is  para l le l  to the ea r t h ' s  su r face
d i rec t l y  be low the spacec ra f t .  The E - f r ame  is shown tw ice  i n  f igure 2 -1
to i l lus t ra te the changes  occu r r i ng  in  the XE,  Yg,  and Z r  axis d i rec t ions
as the vehic le moves  about the ear th .

The point of o r ig in  of the spacecraf t  body frame (B frame) is the
spacecra f t ' s  center of gravity.  The Xp, YR, and ZB axes may be al igned
to arbi t rary points on the vehicle forming a 90-degree t r iad and will
change d i rec t ion  as the spacec ra f t  attitude changes .  Th i s  noninert ia l  sys tem
is used  as a re fe rence  to determine spacecra f t  attitude and attitude e r ro r s
with r espec t  to the iner t ia l  re fe rence  systems.

The fixed body (FB) frame also is a noninert ial sys tem.  The point of
or ig in  of th is r e fe rence  sys tem is the phys ica l  cen te r  of the command
module aft heat  sh ie ld .  The XB ,  YFB ,  and ZFB  axes co r respond  to the
X,  Y, and Z spacec ra f t  body axes .  The re fo re ,  the d i rec t ions  of the axes
wi l l  change with the vehic le  attitude changes jus t  as the B - f rame axes do.
Th is  is  i l l us t ra ted  by the two FB  f rames shown in  f igure 2-1,

EOM Program  Interface.

A block d iagram of the in te r face  be tween  the equat ions of mot ion and
other  p rog rams  within the AMS computer  is  shown in  f igure 2 -2 .  To com-
pute s imulated spacec ra f t  at t i tude, pos i t i on ,  and ve loc i ty  vec to r s ,  the
equat ions  cons ide r  the e f fec t  o f  RCS,  SPS,  S - IVB ,  LES ,  and l aunch  boos t
thrust  inputs on the s imu la ted  spacec ra f t  mass ,  i ne r t i a ,  and cen te r  of
gravity.

Severa l  output fac tors  from the equations of mot ion (EOM) are fed
back  into the p rog rams  providing inputs to the EOM to cont inuously update
the solut ion on the basis of continued thrust ing.  The factors  routed back to
inputting p rog rams  are a l t i tude,  veh ic le  ve loc i ty  (body ax i s ) ,  and re lat ive
ve loc i ty  to the aerodynamic  f o r ces  and moments  p rog ram,  and alt i tude
to the sequent ia l  events  contro l  sys tem p rog ram.  The funct ions of these
in te r faces  are as follows:

e The sequent ia l  events contro l  sys tem p rog ram uses s imulated S/C
. altitude to determine abort  mode and event  in i t iat ion.

® Aerodynamic fo rces  and moments p rog ram rece ive  body axis vehicle
veloci ty along with atmospher ic  ( re la t ive)  velocity and altitude.
These  te rms  are used  to compute a tmospher ic  ef fect  on vehic le
attitude simulat ion.  The resu l tant  t e rms  are then sent to the EOM
in  the form of aerodynamic fo rce  and moment vec to r s .
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@ The S - IVB  control  p rog ram rece i ves  vehic le attitude e r ro r  i n
the form of Euler angles.  Vehic le  ve loc i t ies ,  attitude d i rect ion
cos ines,  and rotational rates are also sent to the S- IVB control
block.

@ The SCS and G&N simulat ions rece ive  rotat ional ra tes  and acce le ra -
t ion  with r espec t  to the body axes f rom the EOM.  These  inputs
simulate the gy ros  and acce le rome te rs  in  the two sys tems .  In
addi t ion,  the G&N sys tem rece i ves  ea r t h  rad ius  vec to r ,  veh ic le
posi t ion,  and d i rec t ion cosines for use in simulat ing vehicle
location and attitude.

e The space rad ia to rs  p rog ram also uses ear th  rad ius vec to r ,  veh ic le
position, and d i rect ion cosines from the EOM to determine cool ing
ef f i c iency  s imulat ion.

® The same three EOM outputs, plus body axes rotat ional r a tes ,  are
f ed  to  va r i ous  v isua l  s imula t ion b locks  to  cont ro l  ou t - the-w indow and
opt ics  displays.

Computat ion of EOM.,

A block d iagram of the equations of motion is shown i n  f igure 2 -3 .  A
desc r ip t i on  of the operat ions per formed within these blocks is  the sub jec t
of the following paragraphs.

I n  the veh ic le  t rans la t ion  l oop ,  the e f fec t  of total  thrust  on  the mass
of the vehic le  is  computed to determine body axis acce le ra t i on  components.
Aerodynamic f o r ces  are a lso cons ide red  in  these ca lcu la t ions .  The X body
axis acce le ra t i on  is  made avai lable for  d isp lay  dur ing SPS f i r ing.  After
be ing  conver ted to the I f rame us ing  the I -  to B - f r ame  d i rec t i on  cosine,
the acce lera t ion  components are in tegrated to determine veloc i ty  com-
ponen ts .  A second  in tegra t ionwi th  t ime prov ides  veh ic le  pos i t i on  vec to r s
within the I frame. By  compar ing these va lues with ea r th  rad ius in forma-
t ion,  geomet r i c  altitude is  a lso prov ided.  Veh ic le  acce le ra t i on ,  velocity,
and pos i t ion are updated by GSSC dur ing the in tegra ted  mode ,  or  by the
launch boos t  tape dur ing nonintegrated mode.

Double p rec i s i on  computat ions wi l l  be per fo rmed on the veh ic le
t rans la t iona l  loop equat ions f rom orb i t  i nser t ion  (S - IVB  shutdown) to
re t rog rade  for  en t r y ,  except  dur ing  thrus t ing periods.

The tota l  thrust  used  i n  the veh ic le  t rans la t iona l  l oop  is  de te rmined
by the eng ine thrus t  components b lock .  These  computat ions cons ide r  al l
spacec ra f t  and S - IVB  boos te r  t h rus te r s  (S - IVB  ma in  eng ine ,  APS ,  SPS,

S/M RCS, and C/M RCS) with r espec t  to the veh ic le  p resen t  cen te r  of
gravity. Thrus t  moments  are a lso suppl ied f rom th is  b lock to the vehic le
rotat ional  loop for use i n  de termin ing body axis rotat ional  r a tes .  Other
rotat ional e f fects  are inc luded i n  the vehic le  ro ta t ional  loop computat ions
as shown in the block d iag ram.

2-9
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Figure 2-3. Equations of Motion Block Diagram
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Vehic le  pos i t i on  and ve loc i ty  out of the veh ic le  t rans la t iona l  loop ,  in
addi t ion to be ing  fed out of the EOM,  are sent  to the re la t ive  ve loc i ty  b lock .
He re  veh ic le  pos i t ion and veloc i ty  are compared  with ear th  ro ta t ion ra te  to
determine vehic le  ve loc i ty  with r espec t  to ear th  atmosphere.

The veh ic le  or ientat ion loop  prov ides  conve rs i ons  be tween  the
var ious vehic le  pos i t ion  re fe rence  f rames  as requ i red  for  computat ions
in  the other sec t i ons  of the equat ions of motion.

The t ranspos i t i on  equat ions are used  to compute the s imula ted pos i t ion
of the spacec ra f t  wi th r espec t  to the S - IVB-LEM combinat ion.  Th is  b lock
wil l  be effect ive only dur ing t ranspos i t ion  and docking simulation.

I n  the l im i t  c yc l e  b l ock ,  the s imu la ted  pos i t i on  of  the S - IVB-LEM,
wi th  r espec t  to the o ther  v i sua l  s imu la t ion  un i t s ,  is  ca lcu la ted .  Th i s
i n f o rma t i on  i s  f ed  to  the v isua l  s imu la t ion  sec t i on  of  the AMS to de te rm ine
the background for the S - IVB-LEM  dur ing t ranspos i t ion  and docking
s imu la t i on .

Thrus t ing  Sys tem Inputs.

The i n te r re la t i on  be tween  the equat ions  of mot ion and the thrust ing
inputs requ i res  some addit ional explanation. The information loop consists
of the equations of mot ion,  the G&N sys tem,  the SCS sys tem,  the RCS and/or
the SPS, and back to the EOM.,

The EOM p roduces  outputs which s imulate veh ic le  attitude and
attitude ra te .  Attitude is fed to both the G&N and the SCS. One of these
two sys tems  wi l l  provide an output of attitude e r ro r ,  dependent  upon the
attitude mode se lec ted  in  the SCM,  Veh ic le  ra tes  are sent to the SCS for
use in  the s imulat ion of the rate gy ros .  Attitude e r ro r s  f rom the G&N or  the
SCS are combined wi th the veh ic le  ra tes  i n  the SCS to prov ide attitude
co r rec t i on  commands to the RCS and /o r  the SPS,  Du r i ng  a de l ta  V, pitch
and yaw commands are sent to the SPS, Th is  causes  s imulat ion of co r -
responding SPS gimbal movement.  The gimbal angles are, in turn,  sent
back to the EOM where computat ions using SPS thrus t ,  gimbal angles,
and veh ic le  mass  de te rmine  SPS e f fec t  on veh ic le  att i tude and rate.

Dur ing  nonthrust ing t ime ,  al l  p i tch and yaw commands are sent to the
RCS. The C/M o r  S/M RCS s imu la tes  j e t  f i r i ngs  to co r rec t  the veh ic le
att i tude. Jet on - t ime  and jet  maximum thrust  for  each r eac t i on  jet  are sent
to the EOM.  The equat ions  of mo t ion  use these s i gna l s  i n  the same manner
as the SPS g imbal  ang les  and maximum th rus t  were  used .  That  i s ,  to
de te rmine  the e f fec t  of each jet  f i r i ng  on veh ic le  at t i tude and rate.

Ro l l  commands are sent to the RCS even dur ing SPS f i r ing s ince
the SPS is  i ncapab le  of co r rec t i ng  rol l  errors.

2 -11
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Ephemer i s  P rog ram,

The Ephemer is  program has four main  func t ions .  I t  ca lcu la tes  the
d i rec t i on  cos ines  for the ea r t h - t o - sun  radius vec to r ,  pos i t ions  vec to rs
for  the sun and moon,  r ight ascens ion  of the Greenw ich  mer i d i an ,  and the
t ransfer matr ix for the selenographic ( lunar)  re fe rence  sys tem.  These
calcu la t ions are made in  the ear th  i ne r t i a l  (Dg)  r e fe rence  f rame as
explained in paragraph 2 .3 .1 .1 .  The X axis of this re fe rence  sys tem is
al igned to the vernal  equinox. The ve rna l  equinox changes  s l ight ly  each
yea r  (approximately . 01 deg ree / y r ) .  The re fo re ,  th is  mus t  be compensated
for to ensure  an accura te  s imulat ion of any g iven launch date be tween
1 January 1966 and 1 January 1986.

The number of days, years ,  and centur ies f rom 1 January 1950 to
the launch da te ,  a re  used  to de te rmine  the pos i t i on  o f  the moon ,  sun ,  ea r t h
and s ta r s  in  iner t ia l  space .  Launch " t ime of day '  is  used  in  conjunction with
the above to compute the posi t ion of spec i f i c  points on ear th  with r espec t
to iner t ia l  space .  Th is  is  done by maintain ing the angle of the Greenw ich
meridian with r espec t  to the ve rna l  equinox. Other  p rog rams  use the
"Greenwich  hour angle' '  to determine the locat ion  in space of other spec i f i c
points on the ea r t h ' s  surface.

Once the ea r t h~ to~sun  rad ius vec to r ,  pos i t ion vec to r s  for the sun
and moon ,  and r ight  ascens ion  of the Greenw ich  mer id ian  have been es tab -
l i shed  for  a spec i f i c  launch date and t ime ,  the i r  fur ther  movement  i s  a
function of r ea l  t ime in  the computer.

Lunar l i b ra t ions ,  or apparent osc i l la t ions  of the moon's  sur face with
r espec t  to ea r th ,  are a lso s imu la ted  i n  the ephemer i s  p rog ram.  These
osc i l la t ions  are due to the e l l ip t ica l  o rb i t  of the moon about the ea r th  whi le
i t  ro tates at a constant  speed.  These  are ca l l ed  l i b ra t ions  i n  longitude.
Librat ions in lat i tude are caused by the moon's  axis of rotat ion being 6.5
deg rees  off the plane of i t s  o rb i t  about the ear th .

Simulat ion of these l ibrat ions is  requ i red  to a l low use of lunar land-
marks in  navigat ion s ight ings f rom the simulated command module.

AERODYNAMIC FORCES AND MOMENTS PROGRAM.

The aerodynamic  forces and moments program prov ides s imulat ion of
the e f fec ts  of spacec ra f t  motion through the a tmosphe re .  The resu l t s  of
the computations involved become fac to rs  in  the equat ions of motion.
The aerodynamic f o r ces  and moments  are appl icable only dur ing  phases
involving movement through the atmosphere ( launch,  en t ry ,  and suborbi ta l
abor t ) .  The aerodynamic forces and moments generated during launch-
boos t  are accounted for on the launch tapes and are not par t  of the ae ro -
dynamics f o r ces  and moments p rog ram.
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Figure 2-4 is a block d iagram of the aerodynamic forces and
moments  p rog ram.  Inputs to the p rog ram are shown a long  the le f t  of the
f igu re .  The th ree  conf igurat ions requ i r ing  s imula t ion  are as fo l lows :

eo Command module and se rv i ce  module
eo Command module and launch escape tower  ( cana rds  deployed)
eo Command module only.

Dynamic p ressu re  is determined as a function of s imulated altitude
and relative veloc i ty .  I t  is then used as one of the forces af fect ing
spacec ra f t  movement  dur ing en t r y .  The speed of sound is  a funct ion of
alt i tude only and is  used to de te rm ine  the mach number  f rom the re la t ive
veloci ty .  Both  the re la t ive ve loc i t y  and the mach number are used i n
computing body axis f o r ces  and moments.

The tota l  angle of a t tack,  as de te rm ined  f rom the var ious re lat ive
veloc i ty  inputs ,  i nc l udes  s i des l i p  (Y ax is )  whi le  the ang le  of a t tack compu-
tation inc ludes only X and Z body axis inpu ts .  Rota t iona l  and t rans la t iona l
aerodynamic  coe f f i c i en ts  a re  ca lcu la ted  f rom the bases  of  ang le  o f  attack,
mach  number ,  and veh ic le  configuration.

All  of the above t e rms ,  plus ro l l  angle and the e f fec ts  of parachute
deployment  on the veh ic le ,  are combined  to provide body ax is  ae rodynamic
fo rces  and body ax is  ae rodynamic  moments.

At a l t i tudes above 500, 000 fee t ;  aerodynamic f o r ces  and moments
wil l  not be ca lcu la ted .

I n  addi t ion to the bas i c  ae rodynamic  so lu t ion,  o ther  e f fec ts  are
accounted for in  the p rogram.  Such i tems as heat sh ie ld  je t t i son ,  LES
motors  on ,  e t c . ,  a re  sw i tched in to  the so lu t ion  by Boo lean  l og i c ,  as
required.

WEIGHT AND BALANCE PROGRAM.

The we igh t  and ba lance p rog ram s imu la tes  the mass  cha rac te r i s t i c s
of the veh ic le  dur ing al l  phases  of the s imula ted m iss i on  except  launch-
boos t .  Weight and ba lance cha rac te r i s t i cs  dur ing the l aunch~boos t  phase
are provided e i ther  by the p reprogramed tape (nonintegrated mode) or the
MSCC ( in tegrated mode).

F igure  2-5 is a block d iagram of the weights and balance solution.
Inputs inc lude the veh ic le  conf igurat ion and var ious  fac to rs  wh ich af fect
the total  mass  such as fue l ,  ox i d i ze r ,  c r yogen i cs ,  etc .  Outputs are fed
to the equat ions of motion v isua ls  and aerodynamics  f o r ces  and moments.
These  outputs cons i s t  of  to ta l  mass ,  moments  of i ne r t i a ,  p roduct  of  i ne r t i a ,
and cen te r  of gravity loca t ion .
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Figure 2-4. Aerodynamic Fo rces  and Moments Block Diagram
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Figure 2 -5 .  Weights and Balance B lock  Diagram
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The total mass  of the veh ic le  is  obta ined by adding the masses  of
the indiv idual vehic le  components .  The total mass  is updated f rom. com-
putat ions made i n  o ther  sys tem p rog rams  as a resu l t  of dep le t ion of con-
sumables  and changes  in  veh ic le  conf igurat ion due to veh ic le  component
sepa ra t i on  or  t r anspos i t i on .  The product  of the computat ion, veh ic le  total
mass ,  is  used  i n  determin ing moments of iner t ia  and i n  the equat ions of
motion.

Th ree  equations are used to compute moments of iner t ia  i n  the three
fixed body axes .  These  equat ions compare total  mass  veh ic le  conf igurat ion
and propel lant masses  to iner t ia  in  each ax is .  SPS propel lants are con-
s ide red  to be equally distr ibuted within their tanks, except when thrusting
when they set t le  to the bottom of the tank. The fixed body moments of
iner t ia  for the ent i re vehic le are the summation of the iner t ia  of all
individual i tems within the veh ic le .  The three resu l tants  are t rans fe r red
to the body axes on the bas i s  of instantaneous cen te r  of gravity.

Equations defining the locat ion of the vehic le center of gravity during
all m i ss i on  phases  are used to es tab l i sh  a re fe rence  point for  bas ing
moments  of iner t ia  and aerodynamic moments  i n  the aerodynamic f o r ces
and moments p rog ram.  Information used  to determine the locat ion of the
center  of gravity include vehic le conf igurat ion,  mass  of each ma jo r  vehic le
component ,  and mass  of propel lant i n  each of the var ious propel lant  tanks.

When i t  becomes  an impor tant  f ac to r ,  the product  of i ne r t i a  of the
command module is  provided. Only the X and Z body axes are considered,
as the Y axis component of ine r t ia  is  ins ign i f i can t .  The X -Z  product  of
ine r t ia  is  a constant  190 s lugs and wi l l  be provided dur ing  ent ry  when
drogue chutes are deployed or when 25, 000 feet alt i tude is reached.

S- IVB  ATTITUDE CONTROL SYSTEM SIMULATION.

The AMS simulat ion of the S - IVB  inc ludes only the iner t ia l  attitude
control  mode .  Th is  s imulat ion commences  at o rb i t  i n jec t ion ,  as the launch
boos t  tape s imula tes the S - IVB  output s igna ls  until o rb i t  is  a t ta ined.
Figure 2-6 is a block d iagram of the AMS simulation.

Vehic le  attitude f rom the equat ions of motion (EOM)  is  compared to
commanded vehic le  attitude. The resu l t ing  attitude e r ro r s  are fed to the
attitude e r ro r  ga in  sec t i on  of the S - IVB  p rog ram.  After be ing amplified by
the i r  r espec t i ve  ga in  factors, the p i tch,  yaw, and ro l l  att i tude e r ro r s  a re
sent through the mode contro l  b lock to the engine command s igna ls  block.

Simulated rate gyro s igna ls  f rom the EOM are modi f ied by the attitude
rate l imi ter  and attitude ra te  gain cont ro l  b l ocks .  Attitude e r ro r s  and
vehicle ra tes  are combined in  the engine command s igna ls  block to furnish
pitch, yaw, and rol l  commands.
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Figure 2-6. S- IVB Control  and Thrusting Systems Simulation

M
O

O
AA

N
VY

H
 Y

O
LO

N
YL

SN
I Y

O
LV

IN
W

IS
 N

O
IS

S
IW

 O
T

10
dV

Z2
0-

C
-1

9W
S



SM6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

The yaw and ro l l  commands are combined in  the yaw and rol l  summer.
The sum and d i f f e rences  between these  s i gna l s  a re  f ed - t o  the pseudo - ra te
modulat ion sys tem (PRMS) .

Pi tch  commands are fed direct ly from the engine command s ignals
b lock  to  the PRMS.  I n  the PRMS,  each  o f  the p i t ch ,  yaw ,  and ro l l  command
s igna ls  causes  an oppos ing  s igna l  (or  pseudo ra te)  p r i o r  to any actual  ra te
generat ion.  This s imulates the prohibit ion of any unnecessar i l y  rapid
changes  i n  attitude commands .  The p i tch ,  yaw,  and rol l  commands are
then sent to the APS se lec t  b lock where  they determine which of the s ix
APS engines are to be commanded on.

The s ix  APS eng ines  are pu lsed on and off i n  o rde r  to conserve
propel lants .  Th is  function is  s imulated by the APS swi tching mode block
work ing from the p i tch,  yaw,  and ro l l  commands out of the eng ine  command
s igna l s  b lock .  The resu l t i ng  pitch, yaw,  and ro l l  pu l se  dura t ion  s i gna l s
are fed to the APS propel lant  remaining and incrementa l  veh ic le  ra tes
blocks.

I n  the APS propel lant remaining b lock ,  eng ine-on  commands are com-
bined with pi tch, yaw, and rol l  pulse durations in an integrat ion p rocess  to
simulate total  APS propel lants remaining i n  APS-1  and APS-2 .  Boo lean
te rms ,  indicat ing propel lants a re ,  o r  are not,  avai lable i n  each APS sys -
tem are sent from the APS propel lant remaining block to the APS thrust
and inc rementa l  veh ic le  ra tes  blocks.

Engine  -on commands one through s ix ,  combined with constants for
engine thrust  and APS propel lant  remain ing boo leans ,  resu l t  i n  APS thrust
components in  the Y and Z body axes be ing  outputed from the APS thrust
block.

The veh ic le  cen te r  of gravity f rom the weight  and ba lance p rogram is
used with the vehic le moment arms block to determine the effect of p i tch
and yaw commands on veh ic le  at t i tude.  S ince  the rol l  moment  a rm  wi l l  not
vary  with veh ic le  configuration, i t  i s  not computed in  th is  block.

P i tch  and yaw moment  a rms ,  a long with the constant  ro l l  moment
arm,  are combined with moments of iner t ia ,  from the weights and balance
prog ram,  in  the e f fec t iveness pa ramete rs  block to determine the ef fect  of
f i r ing any one of the s ix  APS eng ines  at any time. These  e f f ec t s ,  plus
p i tch ,  yaw, ro l l  pu lse dura t ions ;  eng ine -on  commands ,  and APS propel lant
remaining booleans are all combined within the incrementa l  vehicle rates
block to calculate vehic le  ra tes  in  each  of the three axes .  These  outputs
are sent to the equations of mot ion p rog ram along with APS thrust signal.

STABIL IZATION AND CONTROL  SYSTEM,

SCS CONFIGURATION REFERENCE,

At the time of this wri t ing, the AMS SCS accurately simulates the
stabil ization and control system in SC012., F igures 2-7 through 2-9 are
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SCS ATTITUDE CONTROL SYSTEM MALFUNCTIONS
MODE CREW HAND MANUAL DIRECT
SELECT INPUT CONTROLS —— MALE. NO. MALFUNCTION DESCRIPTION MALF, NO, MALFUNCTION DESCRIPTION

006 066 101016 026 007 076 102 
:021 027 h i l  pe 077 SC 005 ROLL ROTATIONAL HAND CONTROLLER FAILS OPEN SC 065 TRANSLATIONAL CONTROL (-Y DIRECTION) FAILS OPEN023 034

025 9% PROPORTIONAL SC 006 PITCH ROTATIONAL HAND CONTROLLER FAILS OPEN $C 066 TRANSLATIONAL CONTROL (+Z DIRECTION) FAILS OPEN
a SC 007 YAW ROTATIONAL HAND CONTROLLER FAILS OPEN SC 076 ROTATIONAL CONTROL +P MICROSWITCH FAILS OPEN

4 8 9 [B I  10 SC 016 MINIMUM IMPULSE ENABLE SWITCH FAILS OPEN SC 077 ROTATIONAL CONTROL -Q MICROSWITCH FAILS OPENRATE SUMMING SUMMING SWITCHING JET
r GYRO POINT POINT peaMPLIFIER SELECTION SC 021 MONITOR MODE SELECT SWITCH FAILS OPEN SC 100 ROTATIONAL CONTROL +R MICROSWITCH FAILS OPENUDO RATE)

SC 022 SCS ATTITUDE CONTROL SELECT SWITCH FAILS OPEN SC 101 MIN. IMPULSE CONTROL - P MICROSWITCH FAILS OPEN
| SC 023 SCS LOCAL VERTICAL SELECT SWITCH FAILS OPEN $C 102 MINIMUM IMPULSE CONTROL - R MICROSWITCH FAILS OPEN041 106

8]
037 "063 7126. SC 024 G&N ATTITUDE CONTROL SELECT SWITCH FAILS OPEN SC 106 REACTION JET #9 FAILS OFF (5/M-C/M)

5 DEADBAND p SC 025 SCS AV MODE SELECT SWITCH FAILS OPEN SC 107 REACTION JET #10 FAILS ON (S/M-C/M)
. BMAG SELECTION | DEADBAND ATTITUDE SC 026 G&N AV MODE SELECT SWITCH FAILS OPEN SC 1M REACTION JET #10 FAILS OFF (S/M-C/M)

SC 027 SCS ENTRY MODE SELECT SWITCH FAILS OPEN SC 112 REACTION JET #11 FAILS ON (S/M-C/M)

SC 030 G&N ENTRY MODE SELECT SWITCH FAILS OPEN SC 113 REACTION JET #11 FAILS OFF (S/M-C/M)
ee  ee oe ee  ee ee ee ee v r  Ee  nr EE —— — — —— — — ——— am.  — — — — — ——

SC 034 "A&C ROLL" CHANNEL DISABLE SWITCH FAILS OPEN SC 114 REACTION JET #12 FAILS ON (S/M-C/M)
SCS ATTITUDE CONTROL SYSTEM TM SIGNAL SC 035 "B&D ROLL" CHANNEL DISABLE SWITCH FAILS OPEN SC 115 REACTION JET #12 FAILS OFF (S/M-C/M)

SIGNAL DESCRIPTION T/M CODE SC 036 0.05g SENSE BACKUP SWITCH FAILS OPEN SC 116 S/M REACTION JET #13 FAILS ON

VAW RATE CHiooty SC 037 DEADBAND SELECT SWITCH SHORTED TO 0.5° POS. SC 117 S/M REACTION JET #13 FAILS OFF
ROLL RATE CH2024V SC 04] REACTION JET #1 FAILS ON (SM-C/M) SC 121 S/M REACTION JET #14 FAILS ON
PITCH MONITOR ROTATION CONTROL CHO0025V |YAW MONITOR ROTATION CONTROL CH1025V SC 042 REACTION JET #1 FAILS OFF (5/M-C/M) SC 122 S/M REACTION JET #14 FAILS OFF
ROLL MONITOR ROTATION CONTROL CH2025V

SC 043 REACTION JET #2 FAILS ON (S/M-C/M) SC 123 S/M REACTION JET #15 FAILS ONPITCH INTEGRATOR/ATT, ERROR SUMMING CHO067V
YAW INTEGRATOR/ATT. ERROR SUMMING CH1067V SC 044 REACTION JET #2 FAILS OFF (S/M-C/M) SC 124 $/M REACTION JET #15 FAILS OFF
PITCH SCS ATTITUDE ERROR CH0075V SC 045 REACTION JET #3 FAILS ON (5/M-C/M) SC 125 S/M REACTION JET #16 FAILS ONYAW SCS ATTITUDE ERROR CH1075V
ROLL SCS ATTITUDE ERROR CH2075V SC 046 REACTION JET #3 FAILS OFF (S/M-C/M) SC 126 S/M REACTION JET #16 FAILS OFF

AMP. OUTPUT CH207ROLL ATTITUDE ERROR AMP. OU ov SC 047 REACTION JET #4 FAILS ON (S/M-C/M)
COMBINED ATTITUDE GYRO TEMP, CH2030T

SC 051 REACTION JET #4 FAILS OFF (S/M-C/M)ROLL ECA +Z TRANSLATION STICK CONDITION CH2081X
ROLL ECA -Z TRANSLATION STICK CONDITION CH2082X SC 052 REACTION JET #5 FAILS ON (S/M-C/M)ROLL ECA +Y TRANSLATION STICK CONDITION CH2083X

# -REACTION JET #9 SOLENOID DRIVER OUT CH2087X SC 053 REACTION JET 75 FAILS OFF (5/M-C/M)
REACTION JET #10 SOLENOID DRIVER OUT CH2088X p I

REACTION JET "ni SOLENOID DRIVER OUT CH2089X SC 054 REACTION JET #6 FAILS ON (S/M-C/M)
REACTION JET #12 SOLENOID DRIVER OUT CH2090X P
REACTION JET #13 SOLENOID DRIVER OUT CH2091X SC 055 REACTION JET #6 FAILS OFF (S/M-C/M)
REACTION JET #14 SOLENOID DRIVER OUT CH2092X 

|

REACTION JET #15 SOLENOID DRIVER OUT CH2093X SC 056 REACTION JET #7 FAILS ON (S/M-C/M)
REA ET #16 SOLENOID DRIVER OUTCTION J CH2094% SC 057 REACTION JET #7 FAILS OFF (S/M-C/M)
G&N DELTA V MODE CHO100X
SCS DELTA V MODE CH1100X SC 061 REACTION JET #8 FAILS ON (S/M-C/M)
SCS LOCAL VERTICAL CONTROL MODE CH1103X

SC 062 REACTION JET #8 FAILS OFF (S/M-C/M)

# _C/SC 063 REACTION JET #9 FAILS ON (S/M-C/M) SM-6T-2-02-332A

Figure 2-7. SCS Attitude Contro l  Subsystem
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ATTITUDE
ERROR (CDU)

02 ATTITUDE (G&N) ~ MIN. IMPULSE
ENABLE

\
1 ATTITUDE ERROR |

|. GYROTORQ
#4  GYRO TORQUING

COMMAND ATTITUDE | AUXBMAG'S | e  DECA
| ERRORS | Eca

] J ATTITUDE ERRORS hg |
ATTITUDE ATT vana ATTITUDE2] +H . ERRORS RATE PITCH, YAW & ROLL ROLL | SET

00  \ ATTITUDE ] ERRORS

| ROTATIONAL ATTITUDERGP 067 | 
SET &

RATE 07 FOAI GIMBAL
073 POS. DISPLAY
075 ) il -

SCS BMAG-AGCU-FDAI SUBSYSTEM T/IM SIGNALS SCS BMAG-AGCU-FDAI SUBSYSTEM MALFUNCTIONS
SIGNAL DESCRIPTION T/M CODE | MALF. NO. MALFUNCTION DESCRIPTION

1. PITCH POSITION FEEDBACK CHOO034H SC 001 YAW RATE GYRO FAILS OPEN

YAW POSITION FEEDBACK cHiozsH | C002 | YAW BMAG FAILS OPEN

2. COMBINED ATTITUDE GYRO SMRD CH2015V SC 003 PITCH BMAG FAILS OPEN
SC 004 PITCH RATE GYRO FAILS OPENCOMBINED RATE GYRO SMRD CH2026V 

|

SC 010 ROLL RATE GYRO FAILS OPEN
3. RESOLVER SIN OUTPUT-PITCH ATTITUDE | CH4100H

SC on ROLL BMAG FAILS OPEN
RESOLVER COS OUTPUT-PITCH ATTITUDE | CH4101H

SC 012 PITCH GIMBAL POSITION FAILS-ZERO O.P,
RESOLVER SIN OUTPUT-YAW ATTITUDE

So  (CHalo2H SC 013 YAW GIMBAL POSITION FAILS-ZERO O,P,

RESOLVER COS OUTPUT-YAW ATTITUDE | CH4103H | o-015 | ATTITUDE GYRO COUPLER UNIT FAILS OPEN

RESOLVER SIN OUTPUT-ROLL ATTITUDE | CH4104H | sc 032 | PITCH CHANNEL DISABLE SWITCH FAILS OPEN’

RESOLVER COS OUTPUT-ROLL ATTITUDE | CH4105H SC 033 | YAW CHANNEL DISABLE SWITCH FAILS OPEN

SC 034 | A&C ROLL CHANNEL DISABLE SWITCH FAILS OPEN

SC 035 | B&D ROLL CHANNEL DISABLE SWITCH FAILS OPEN

SC 067 | FDAI'ATTITUDE BALL FAILS-OPEN

SC 071 | FDAI ROLL ERROR FAILS OPEN

SC 072 | FDAI YAW ERROR FAILS OPEN

SC 073 | FDAI PITCH RATE FAILS OPEN

SC 074 | FDAI ROLL RATE FAILS OPEN

SC 075 | FDAI YAW RATE FAILS OPEN

SC 105 AGAP HEATER FAILURE - SHORTED
SM-6T-2-02-331A

Figure 2-8. BMAG-AGCU-FDAI  Subsystem
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014 103yd  
) 

] 
] 104  0

| | GIMBAL | GimeaLAV THRUST SPS POSITION | POSITION| AV DISPLAY | INDICATOR
& CONTROL

ENGINEON B

a

THRUST
ATTITUDE VECTOR ATTITUDE
CHG. COMM. CONTROL ERROR

LOGIC

(SCS)

SCS THRUST VECTOR CONTROL MALFUNCTIONS
MALF, NO, MALFUNCTION DESCRIPTION

SC 014 SCS ACCELEROMETER FAILS

SC 103 PITCH GIMBAL DRIVE FAILS

SC 104 YAW GIMBAL DRIVE FAILS

SCS THRUST VECTOR CONTROL SUBSYSTEM T/M SIGNALS
SIGNAL DESCRIPTION T/M CODE

1 PITCH THRUST VECTOR DIFFERENTIAL CLUTCH VOLTAGE H0047V
YAW THRUST VECTOR DIFFERENTIAL CLUTCH VOLTAGE H1047V

2 SPS SOLENOID DRIVER OUTPUT 1 H4320X
SPS SOLENOID DRIVER OUTPUT 2 H4321X

SM-6T-2-02-301A

Figure 2-9.  Thrust Vector Control  Subsystem
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block d i ag rams  of  the actual S /C  012 SCS subsys tems .  Mal funct ions and
te lemet ry  points s imulated by the AMS are shown i n  figure 2-7 at thei r
point of effect. |

SCS SIMULATION.

Simulation of the SCS is  accomp l i shed  by four computer programs.
These  are the power and mode cont ro l  log ic ,  attitude contro l  subsystems,
thrust  vec to r  contro l  subsys tems ,  and iner t ia l  senso rs  p rog rams .

Power  and Mode, Con t ro l  Logic.

The power  and mode contro l  l og i c  program computes the avai labi l i ty
of power to the var ious por t ions of the SCS. A block d iag ram of this
program is shown in f igure 2-10. I f  power is unavailable to the SCS control
swi tches due to EPS p rog ram outputs,  SCS simulat ion is  inhibited or t e r -
minated (whichever  is  appropr ia te ) .  Power  loading is computed on the
bas i s  of SCS swi tch  se lec t ion .  These  sw i t ch  se lec t i ons  are a lso  used  to
determine SCS opera t iona l  conf igurat ion modes  and SCS sys tem displays.
I n  addi t ion to  t hese  func t ions ,  th is  p rog ram accomp l i shes  the se lec t i on /
i so la t ion  of gy ros  in  acco rdance  with mode and switching selections.

Attitude Cont ro l  Subsys tem.

The attitude contro l  subsys tem  p rog ram,  as shown in  f igure 2-11,
de te rm ines  both attitude and ra te  deadbands and their  l imi ts  as d ic tated
by system mode and sys tem conf igurat ion,  The attitude deadband and
attitude e r ro r  are then compared  to de termine i f  an att i tude co r rec t i on  i s
requ i red .  I f  so, the p roper  r eac t i on  jet  f i r i ngs  are s imu la ted .  These
f i r i ngs  are l imi ted as a funct ion of ra te  e r ro r  af ter  ra te  deadband has been
deducted.  Reac t i on  jet  f i r ings  are con t ro l led  d i rec t l y  by the sw i tch ing
amp l i f i e r s .  The acce le ra t i on  ava i lab le  f rom each r eac t i on  jet  is  com-~-
puted and compared  to the acce le ra t i on  r equ i red  f rom each je t .  The
resu l tan t  is used  to de te rm ine  the on-off  t ime for the sw i t ch ing  amplifiers.
T rans la t i on  and ro tat ion commands f rom the hand con t ro l l e r s  are also
p rocessed  wi th in the att i tude cont ro l  p rog ram.  The main  outputs f rom th is
program are RCS reac t ion  jet solenoid on commands. |

Thrus t  Vec to r  Cont ro l  (TVC)  P rog ram.

The TVC p rog ram prov ides  s imulat ion of the th rus t  vec to r  cont ro l
por t ion  of the s tab i l i za t ion  and cont ro l  sys tem inc luding SPS eng ine  gimbal
pos i t i on ing  f rom G&N,  SCS,  and as t ronau t  manual  con t ro l  commands.
Provisions are inc luded for  automatic and manual SPS eng ine ign i t ion
commands.  F igure 2-12 i l lus t rates the TVC simulat ion in the AMS,
The THRUST ON command is sent  out dur ing SCS or G&N de l ta  V modes
one second  af ter  the THRUST ON swi tch  is  enabled.  The same group of
equat ions controls the turning off of thrust  as a funct ion of the THRUST
OFF swi tch or removal of a-c or d-c power from the TVC circuitry.
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Figure 2-10.
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SCS CONTROLS (SCS)
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Figure 2-11.
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" THRUSTON sw. | 1 ENGINE IGN. (SPS, EOM)
THRUST

scsAND GN]  ON | tHRusT ON LITE soM)
SCS PWR AND J ov MODE CONTROL —>
MODE CONT,

|_THRUST OFF SW. |

J .

+X BODY AXIS ACCEL, (EOM) | VELOCITY 1

GIMBAL MTR, ON
COMMANDS (SCM) I ~1 POWER LOADS (EPS)

GIMBAL '
DC PWR. (EPS) MTR PWR GIMBAL MTR ON

HN | SIGNALS (T/M, EOM)

GIMBAL
MTR PWR,
AVAIL.

GIMBAL POS, COMM, (SCS/G&N)

H/C COMMANDS (MANUAL) (SCM) GIMBAL ACTUATOR POSITION ACTUATOR ZA  FOSITION >

POSITION POSITION ’BODY AXIS ROT. RATES (EOM) co  NDS ACTUATOR RATE AND RATES
GIMBAL SET (SCM) 

: ACTUATOR COMMANDS
> SM-6T-2 -02 -389

Figure 2-12, Thrust Vector Control Subsystem Simulation
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#
The amount of veloci ty  ga ined during SPS f i r ing is obtained f rom the
equations of motion and is used to determine SPS cutoff t ime during SCS.
and G&N del ta  V modes.

Power  app l ied  to the four g imbal  mo to rs  is  con t ro l l ed  by the command
module switch pos i t ion  and e l ec t r i ca l  power  avai lab i l i ty .  S imulat ion of
power  loading is  a constant  value provided to the e l ec t r i ca l  power  sys tem
simulat ion p rog rams  when these  g imbal  mo to rs  are on. Attitude errors,
both f rom the SCS or  G&N and f rom manual  pos i t ion ing  of the ro ta t ion
cont ro l ,  are p rocessed  in  the TVC p rog ram to cause a co r respond ing
change i n  the SPS g imbal  pos i t i on  dur ing  any SPS f i r i ng .  The s imulated
gimbal pos i t i ons  are fed to i nd i ca to rs  both in  the SCM and at the 10S.
Gimbal  actuator acce le ra t i ons  and ra tes  are gene ra ted  wi th in the p rog ram
as a function of the G&N,  SCS, or  manual  g imbal  pos i t ion ing commands .
These  are t ransmi t ted  for  use in  the equat ions  of mo t ion .  All feedback
s igna ls  requ i red  to rea l i s t i ca l l y  s imulate the ope ra t i ons  of the th rus t
vec to r  cont ro l  subsys tem of  the SCS a re  gene ra ted  and used  wi th in  th is
program. Also, ce r ta in  of these feedback s ignals are fed to the PCM
te lemetry  for  use as ind icat ions of overal l  subsys tem operat ion.

Inert ia l  Senso rs  P rog ram.

The SCS iner t ia l  sensors program shown in f igure 2-13 processes
the rotation contro l  commands to the TVC and telemetry dur ing SPS firings.
Rate gyro  outputs are s imulated us ing  inputs f rom the equat ions of motion
and SCM swi tch pos i t i ons .  Based  on SCM switch pos i t i ons ,  the s imulated
body-mounted attitude gyro  (BMAG) outputs may be subst i tu ted for  the rate
gyro  s i gna l s .  Th is  backup function is accomp l i shed  by indiv idual axis
(p i tch,  yaw and ro l l ) .  The BMAGs simulat ion normal ly  suppl ies vehic le
att i tude. A s igna l  is  sent to the aura l  simulation p rog ram for each rate
gyro  and BMAG when each  gy ro  is ope ra t i ng .  Attitude set e r ro r ,  the
d i f fe rence be tween  commanded attitude and BMAG output, is s imu la ted
us ing  EOM s igna l s  and SCM att i tude set d ia l  ou tputs .  These  e r ro r  s ignals
are prov ided i n  the form of Eu le r  ang le ,  nav axis, and body ax is  compon-
en ts .  The G&N att i tude e r ro r s  are sent to the TVC and att i tude contro l
sys tem.  The attitude set e r ro r s  are used in s imulat ion of the AGCU attitude
e r ro r s ,  shaft  ang les ,  and to rquer  signals.

Based  on the norma l  o rb i ta l  p i tch  ra te ,  an orb i ta l  ra te  s igna l  is  sent
out to the att i tude contro l  sys tem dur ing  l oca l  ve r t i ca l  mode .  P rog ram ou t -
puts of  att i tude ra te ,  attitude e r ro r ,  and veh ic le  att i tude a re  fed  to the 10S
and SCM FDAI, Attitude set se l ec t i on  is  a lso fed to the IOS, AGAP tem-
pera ture  is  s imulated when AGAP power  is appl ied and the gy ro  hea te r s  are
opera t ing  normal ly .  When power is app l ied to each gy ro ,  an output is  sent
to te lemet ry  s imulat ing the spin motor  ro ta t ion de tec to r  s i gna l .  The value
of th is  s igna l  va r i es  with the d i f ferent  combinat ions of the p i tch,  yaw,  and
ro l l  gy ros  be ing energized.
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Figure 2-13, SCS Inertial Sensors Simulation
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VISUAL SYSTEMS.

The v isua l  sys tems  provide the AMS SCM with rea l i s t i c  scenes  of the
ea r th ,  moon ,  sun ,  s t a r s ,  and docking veh ic le  during a s imulated m iss i on .
These  scenes  are provided at the two landing windows, the two docking
windows,  and the t e l escope  and sextant optics.

These  v isual  d isp lays are  prov ided by the m iss ion  ef fects  p ro j ec to r s ,
ce les t ia l  sphe res ,  sextant op t i c s ,  t e l escope  op t i c s ,  and t ranspos i t ion image
gene ra to r .  A computer  p rogram controls each of these units,

MISSION EFFECTS PROJECTOR (MEP).

The MEPs  provide ear th scenes  at the four window displays and the
simulated t e l escope  v isual  d isplay.  The MEPs a lso provide sun image genera-
t ion at the four window d isp lays .  Each MEP prov ides the following scenes  and
e f f ec t s :

Earth orbi tal  scenes  in  co lor
Landing scenes in color (parachutes)
Distant  moon scenes
Sunr ise  e f fec ts
Hor i zon  contro l  ( l imb)
Day-night terminat ion
Solar  s imulat ion (excep t  for  t e l escope  MEP)
SCM pos i t ion  and attitude simulation.

Each of the five MEPs  cons i s t s  of a cent ra l  image generat ion assembly,
a t ransboundary (pe r iphe ra l  a rea  c loud cove r )  assemb ly ,  and a sun-shaft ing
assemb ly .  F igure 2 -14  i l l us t ra tes  the component par ts  of an MEP.  The image
genera t ion  assemb ly  se lec t s  the p rope r  f i lm and p ro j ec t s  the images  f rom
this f i lm onto the MEP sc reen .  The t ransboundary assemb ly  gene ra tes  cloud
scenes ,  and the sun image p ro jec to r  assemb ly  (p resen t  in  window MEP units
only) p rov ides  the sun images  for  the scenes  being v iewed.  Each of the
assemb l i es  uses a common pro jec t ion  sc reen  and sha res  e lec t ron i cs  cabinets
and power cab ine ts .  The image genera t ion  and t ransboundary assemb l i es  will
prov ide  an  en t i re  l imb - to - l imb  (ho r i zon - to -ho r i zon )  image ,  as v iewed f rom
orbital  altitudes.

The scenes  genera ted  in  the MEP are  p ro j ec ted  onto a sphe r i ca l  r ea r
p ro jec t i on  sc reen  which funct ions as the image input to the r espec t i ve  infinite
image system (IIS), or scanning telescope optics sys tem.  A separate MEP is
used  for  each window and for  the t e l escope .  The MEP for  the t e l escope  is
ident ical  to the window MEPs  in  al l  a reas ,  except  where spec i f ica l ly  s ta ted
o therw ise .

The ear th  scenes  are obtained f rom fi lm images  cen te red  on the nadir
fo r  orbi tal  scenes ,  or on the center  of the moon or parachute for d isc re te
scenes .  Nadir is  that point on ear th direct ly below the spacecraft.

/
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The scene that is  genera ted  within the MEP rep resen ts  the complete
image of the ear th  f rom l imb to l imb,  and as genera ted ,  is  independent of C /M
attitude. The scene is generated as a function of SCM nadir posit ion, SCM
al t i tude,  and sun  pos i t i on  re la t ive  to  the C /M .  The gene ra t i on  i s  the same  for
al l  f ive MEPs ,  The or ientat ion of th is gene ra ted  image (on the sc reen )  by the
scanning assembly  is unique for each window and the te lescope,  in accordance
with the d i rec t i on  of the opt ica l  axis of the viewing infinite image sys tem or
SCT opt ica l  sys tem re lat ive to the l ine to the nad i r .

Orbital  Scenes,

The image of the earth is generated from two separate films: one
represen t ing  the spec i f i c  ear th  image of the cent ra l  90 -deg ree  f ield of v iew
cen te red  on the nad i r ;  the second  fi lm rep resen ts  the pe r i phe ra l  ( t ransboundary)
a rea ,  The t ransboundary fi lm prov ides  a s imulated cloud cove r  image
extending f rom the l ine where the t ransboundary a rea  merges  with the cent ra l
a rea  (at 45 deg rees  f rom the nad i r )  out to the l imb of the ear th .  The cent ra l
a rea  image is  p rov ided  by a s t r i p  f i lm rep resen t i ng  a cont inuous band (or  map)
around the ear th .  Figure 2-15 i l lus t rates a typical sec t ion  of this f i lm.

When the simulated altitude is low enough so the total MEP image
represen ts  more  than the 90-degree f ie ld of view, the scene wil l be in the f ie ld
of v iew and the pe r iphe ra l  a rea  image wil l  be blanked out .  The per iphera l  area
image will also be blanked out of distant moon scenes and parachute displays,

The centra l  a rea  image genera t i on  path is  prov ided in  dupl icate so that
two f i lms can be pos i t i oned  for  viewing at the same t ime .  This pe rm i t s
t r ans fe r  f r om an  ear th  scene  to a moon  o r  parachute scene  within one second
as r equ i red  by the l ine of s ight  of a spec i f i c  window.

I f  the limb-to-limb scene to be generated is l ess  than 90 deg rees  as
v iewed f rom the spacec ra f t ' s  s imulated al t i tude, the per iphera l  a rea  c loud
scene  i s  added  to  the cen t ra l  a rea  by  a r i ng  m i r ro r  assemb ly .  A combined
ae r i a l  image is  f o rmed  at the day-night image  p lane.  At  this p lane,  the image
is p ro j ec ted  through the day-night te rmina tor .  The terminator is  a se rvo -
dr iven film sect ion  with al ternate l ight and dark areas.  The resultant image
output f rom the terminator  r ep resen ts  day or night scenes  as requ i red  by the
miss ion ,

Var ia t ions in  alt itude are s imulated by operat ion of var i foca l  assemb l i es
that change magnif icat ion between the f i lms and day-night image plane. A
simi lar  function is  approx imated for the pe r iphe ra l  a rea  c loud f i lms .  In
addit ion, the pe r i phe ra l  a rea  image genera t ion  path cont ro ls  the d iameter  of
the ear th  l imb by another var i foca l  lens assemb ly .  This comp le tes  the image
generat ion  por t ion of the MEP,

The MEPs  used  for  window image generat ion  each contain a separa te  sun
image gene ra to r ,  The sun image p ro jec to r  p ro jec t s  a br ight  spot ,  which
represents  the sun, onto the respec t i ve  MEP sc reen .  The pos i t ion  of th is spot
i s  se r vo  cont ro l led  so that SCM attitude changes  can  be s imu la ted .
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The centra l  area por t ion of the orbi ta l  scene is developed f rom f i lm s t r i p
sec t i ons ,  each represent ing  a 1000~-n -m i  wide s t r i p  around the ear th  cover ing
360 degrees longi tude. This al lows the film to be pos i t ioned in the film gate in
acco rdance  with the equat ions of mo t ion ,  which def ine the SCM pos i t i on .  The
fi lm sec t i ons  are sp l i ced  toge the r  to provide nine orb i ts  on the f i r s t  f i lm and
orb i t s  10 through 16, p lus orb i t  1 on the second  f i lm.  By computer  con t ro l  of
the f i lms ,  an unl imited number  of revolut ions is p rov ided .  The pe r i phe ra l  a rea
fi lm is  re tu rned  to i ts  ini t ial  point af ter  each day-n ight  t rans i t ion  so that i t  a lso
p rov ides  for  unl imi ted revolutions,

Boos t  Scenes ,

Af ter  launch escape  tower  j e t t i son  in  the s imulated launch boos t ,  the
MEPs wi l l  p rov ide  v iews  at 100 -n -m i  alt i tude to both  the rendezvous and
docking windows and the landing w indows.  The t e l escope  wil l  not be opera t iona l
dur ing the boos t  scene s ince the as t ro - sex tan t  doors  wi l l  be c l osed .  The orb i ta l
f i lm of each MEP wi l l  be dr iven to the point co r respond ing  to the launch s i te  as
par t  of the AMS in i t ia l izat ion p rocess .  Af ter  launch,  i t  wi l l  be d r i ven  to co r -
r espond  to the nad i r  pos i t i on  of the command module.  Since ea r th  scenes  will
not  be visible f rom the C /M  during ascen t  due to the requ i red  vehic le  attitude,
th is  e r ro r  in  s imulated alt i tude wi l l  not be visible.

This 100 -n -m i  altitude is  maintained in the MEPs until the s imulated
alt i tude actual ly  r eaches  100 n m i .  Beyond this point ,  the actua l  s imula ted
alt i tude wi l l  be dep i c ted  by al l  MEPs up to the maximum range of 215 n mi.
Solid moving cloud cover f i lm wil l  be dr iven during launch, and the sun image
p ro jec to r  wi l l  be functional in  o rde r  to s imulate sun shaft ing i f  command
module or ientat ion ca l l s  for  i t ,  These images  become  v i s ib le  as the LES CM
cove r  is  j e t t i soned .

As  par t  of in i t ia l i za t ion,  the lunar image f i lm wi l l  be dr iven to the
co r rec t  image for  the day of launch.  The lunar image to be shown by the MEP
is chosen by the compu te r ,  based  on ephemer i s  data.

Entry Scenes.

Dur ing ent ry  and landing maneuve rs ,  an ear th  scene f rom the orbital f i lm
sha l l  be p resen ted  in  the landing and rendezvous  and docking w indows.  This
scene  w i l l  i nc lude  the ea r t h ,  the so l i d  c loud  cove r ,  and the ho r i zon .  The v iews
avai lable at the landing windows wi l l  be essen t i a l l y  the same as those for
orbi ta l  f l ight s imu la t ion .  However ,  the MEPs wi l l  not dec rease  altitude to
less  than 100 m i l es .  Sun-shaft ing wi l l  continue until touchdown if  C /M
or ientat ion ca l l s  for  it.

When the s igna l  for  drogue chute deployment is r ece i ved ,  the MEPs will
shift f r om the orb i ta l  f i lm to the por t ion  of the midcourse  casse t t e  f i lm con-
taining drogue chute image ry .  The so l i d  c loud cove r  wi l l  be blanked out and
the d rogue chute image wi l l  be pos i t i oned  in  the window f ie ld  of v iew as a
function of spacec ra f t  attitude, Upon rece ip t  of the appropr ia te  s i gna l s ,  the
main  chutes are d isp layed  in the r ee fed  configuration, fol lowed by a d isplay of
them fully opened. The unfurling of the chutes will not be dynamically
s imulated,
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The t e l escope  wil l not be operational during re -en t r y  s ince the as t ro -
sextant doo rs  wil l  be c l osed .

Moon Scenes .

The MEP will provide window and t e l escope  v iews of the moon .  However,
the moon wil l not be shown simultaneously with the earth in any one MEP,
Simultaneous v iews of the moon  and ear th  are poss ib l e  in  sepa ra te  MEPs .

The moon scenes wil l  cons is t  of 30 independent images ,  each represent ing
a daily change i n  the phase of the moon .

If  an ear th  scene v is ib le  through any window should shift to mo re  than
5 degrees outside that window's  f ie ld of v iew, or i f  the ear th is dark because
the spacec ra f t  is  l oca ted  on the night side and the window line of s igh t  to the
moon  is  within the f ie ld  of v iew, the MEP p ro jec t i on  for  that window shi f ts f rom
the orbi ta l  f i lm to the moon  scene .  If the moon scene is being p ro j ec ted  and a
sunlit  ear th  l imb comes  into the f ie ld  of v iew,  the p ro jec to r  shif ts to provide
the ear th  scene .  Only a smal l  interrupt ion of the v isua l  scene wil l  be
experienced.

Fo r  the t e l escope  display, i f  the ear th  is  be ing d isp layed and the v is ib le
port ion of the scene (out to the limb) decreases to less than 25 degrees of the
f ield of view, the moon scene wi l l  be switched in. If the lunar scene is being
p ro jec ted  and the ea r t h  comes  into view up to 30 deg rees  of the 60 deg ree  field
of  v iew,  the p ro j ec t i on  wi l l  be sh i f ted to  p rov ide  the ea r t h  scene .  These  f i gu res
were chosen because earth landmarks can be t racked  up to a maximum angle
off nadir  of 35 deg rees ;  at 215 m i l es  a l t i tude,  approximate ly  the l as t  25 deg rees
of the ear th  l imb is  p resen ted  as so l i d  c loud cove r .  Thus ,  the ear th  scene wil l
not d i sappear  until the l as t  ear th detai l  has d i sappea red  under the so l id  c loud
cove r ,  On the other hand, i f  lunar s ight ings are being made ,  the moon  can be
t racked  with the t e l escope  unti l i t  is  jus t  tangent to the ea r th .

The image pos i t ioned  in  the filmy gate is de te rmined  by ephemer i s  data .
Window line of s igh t ,  obtained f rom the s ta r f i e l d  d isp lay sys tem together  with
l ine of sight to the moon, are used to determine the angle between the moon and
the window line of s igh t .  The so l id  moving c loud cove r  is  blanked off during
moon d isp lay .

Infinity Image Sys tem.

The m iss i on  e f f ec t s  p ro j ec to r ,  the ce les t i a l  image gene ra to r ,  and the
rendezvous  image  d isp lay  unit a l l  feed the i r  v i sua l  outputs to the infinity image
sys tem (IIS) where  they are combined to furn ish an accu ra te  compos i t e  d isp lay
at the respec t ive  SCM window or telescope op t i cs .  One of the five IISs is
i c t u redin figure 2-16. The concave m i r ro r s  lend the i l lus ion that the visual

images transmitted to the SCM are an infinite d is tance f rom the w indows.  The
d is tance between the rendezvous and docking s imulator  CRT and the ref lect ing
m i r ro r  and focus ing  m i r ro r  is  dec reased  as the s imulated ta rge t  range
decreases f rom 150 feet.

Id



-—
 

S
n

TR
E

 
T

e
y

 
TF

 W
EN

7 
9

¢
-¢

I na l i l  BCI Ep .  Rl
IES. SN wRTFs

RENDEZVOUS IMAGE DISPLAY UNIT

MOVABLE
CRT

—————

l L

[
COMMAND
MODUL \ |

:

|EXIT WINDOW J
r e

/

OPTICAL
VIEWING AXIS

REAR PROJECTION MEP SCREEN’

Figure 2-16. Infinity Image System

SRE A \

STARFIELD DISPLAY UNIT

FOCUSING
MIRROR

MISSION
EFFECTS
PROJECTOR

SM-6T-2-02-1888

M
O

O
IA

N
VY

H
 J

O
 LD

O
NY

LS
NI

 Y
O

LV
IN

W
IS

 N
O

IS
S

IW
 O

T
IO

dY

20
-C

-1
9W

S

L
o

C
U

TE
R

 
T

a 
a

e



a . oo f

SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

SOLAR EFFECTS SIMULATION.

The sun-shaft ing assembly  provides simulat ion of sun ef fects  to the MEP
sc reen .  Although a sun-shaf t ing assemb ly  is  physical ly packaged within each
of  the window MEPs ,  i t  i s  not a par t  o f ,  and does  not in te r face with, the cen t ra l
image generat ion  assembly  or the transboundary assembly .  The sun-shaft ing
assemb ly  output is  p ro jec ted  d i rec t l y  and independently onto the MEP output
sc reen .

The sun-shaf t ing simulat ion is inc luded in  the AMS to fami l iar ize c rew
members  with p rob lems  in spacecra f t  opera t ion  resul t ing f rom poor  visibi l i ty
due to d i rec t  or  r e f l ec ted  sunl ight .  The s imulated sun is  of suf f ic ientbr i l l iance
to cause momentary b l indness  (approximately 5 seconds )  i f  viewed directly.

The ma jo r  components of the sun-shaft ing assemb ly  include a high
intensity lamp,  a p ro jec t ion  l ens ,  and a scanning m i r ro r  mounted in  a gimbal
assemb ly  providing two deg rees  of f reedom (p i tch  and yaw) .  Operat ion of the
scanning m i r ro r  is  s imi la r  to that desc r i bed  for  the scanning m i r ro r  in  the
cent ra l  image genera t ion .  However ,  ro l l  mot ion is  not s imulated s ince  the sun
is  symmet r i ca l .

The sun image at a g iven window cons i s t s  of the p ro jec t ion  of a f ixed
d iamete r  pinhole sou rce  of high intensity l ight on the rea r  p ro jec t ion  sc reen  of
the MEP assoc ia ted  with a g iven window. The image d iameter  on the sc reen
is  32 a rc  minutes +10 percent.

Because  the d is tance  f rom the l ight sou rce  to di f ferent points on the rea r
pro jec t ion  sc reen  va r i es  s l ight ly ,  the p ro jec t ion  of the l ight sou rce  mus t  be
kept in  focus  as i t  scans ac ross  the sc reen .  This is  accomp l i shed  by d isp lac ing
the p ro jec t ion  l ens .  A so la r  blanking shutter is  prov ided to avoid re f lec t ions
of the s t rong l ight when the d isp layed  sun image is  outs ide the f ie ld  of v iew.

Occul tat ion of the sun occu rs  whenever it would appear  behind any of the
ob jec ts  v is ib le  out the window ( i . e . ,  ea r th ,  moon ,  LEM) .  A ro ta ry ,  contro l led
shut te r ,  operat ing in  conjunct ion with computer  s igna ls ,  is  used  to contro l
sunlight and i ts  occul tat ion,  The pos i t ion  of the sun image is  con t ro l led  by
inputs f rom the ephemer is  and the vehic le  attitude f rom the equations of motion.

- 2 .5 .3  STARFIELD DISPLAY.

| The s tar f ie ld  d isp lay  provides a s te l la r  background for  the scenes  v iewed
| f rom the SCM windows and t e l escope .  The star f ie ld makes  poss ib l e  the
4 recogni t ion of var ious constel lat ions or stars:  for use as navigational aids.

| The d isp lay  provides 997 s ta r s  in  t rue re la t i ve  pos i t i on  and in  re la t ive  b r igh t -
| ness to the nea res t  magnitude f rom -1 to +5. When the earth or moon  appears
] in  the line of sight to the s tar f ie ld ,  those stars that are behind the ear th or

5 moon are blanked out by an occu l ta t ion  unit.

The s tar f ie ld  d isp lay contains a ce les t i a l  sphere  mounted in a 3 -ax i s
g imbal  sys tem,  the i l luminat ion uni t ,  and ea r t h  occu l ta t ion uni t .  A second
occul tat ion unit is  prov ided for the docking windows.  This unit is  used  to
prevent  s ta r s  f rom appear ing through the docking veh ic le .

(
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The op t i ca l  p ro j ec t i on  of the infinity image sys tem and the mounting of
the ce les t i a l  sphe re  are so des igned  that the ro l l  ax is  is  a l igned with the window
line of s igh t .  The p ro jec t i on  at the SCM windows appea rs  as i t  would i f  the
obse rve r  we re  p l aced  at the cen te r  of the sphe re  looking outward along the r o l l
ax i s .  The ce les t i a l  sphe re  conta ins 997 s imula ted s ta r s  of va r ious  magnitudes.
S ta rs  are s imulated by va r ious  s i zed  s ta i n l ess  s tee l  ba l l s  imbedded  i n  the
su r face  of the sphe re .  These ba l l s  range  in size f r om 1 /32  inch to 3 /8  inch.
By i l luminating the sphe re  with an external ly  l oca ted  point sou rce  of l ight,  the
b r i gh tness  magnitude of the va r ious  s ta r s  is  s imula ted by the s ize of the ball.
Ce r ta i n  s imu la ted  s ta r s  have been go ld  p la ted to more  faithfully r ep roduce  the
t rue  co lo r  of the actual  s t a r .

To p roper l y  pos i t ion  the s ta r f ie ld  g l obe ,  i t  is necessa ry  to f ind the d i r ec -
t i on  of the l ine of s igh t  f rom each window and through the t e l escope .  This
de te rm ines  which point on the ce les t i a l  sphe re  is to be d i rec t l y  in  f ront  of the
v i ewe r .  The or ienta t ion of the ce les t i a l  sphe re  about the l ine of s igh t  is
de te rm ined  by the s imu la ted  veh ic le  att i tude with r espec t  to the I r  f r ame,  and
the pos i t i on  of each window and the sex tan t / t e l escope  with r espec t  to the S /C
body axes .  A s igna l  f low d iag ram showing genera t ion  of the ce les t i a l  sphere
d r i ve  s igna ls  is i l l us t ra ted  in f igure 2 -17 .  D i rec t ion  cos ines  rep resen t i ng  the
angular  re la t ionsh ip  be tween  the spacec ra f t  body (B) f rame and the ea r t h -
cen te red  iner t ia l  r e fe rence  ( Ig )  f rame are r ece i ved  f rom the equations of
mo t ion .  These d i rec t i on  cos ines  are then conver ted  f rom the Ig  f rame to the
ec l i p t i c  r e fe rence  f rame by changing the Y and Z axes 23 .5  deg rees  (the angle
be tween  the ea r t h ' s  equator  and the so la r  o rb i t  of the ea r t h ) .  The att i tude of
each window and the t e l escope  op t ics  in  the ec l ip t i c  f rame are computed on the
bas i s  of the SCM at t i tude,  the I g - t o -ec l i p t i c  f rame conve rs ion ,  and the locat ion
of each window in the veh i c l e .  The sine and cos ine  of the w indow- to-ec l ip t i c
f r ame  ang les  are the dr iv ing s i gna l s  for  the ce les t ia l  spheres.

Occu l ta t ion  Mask .

The sou rce  of illumination for  the ce les t i a l  d isp lay is a 500 -wa t t ,  high-
p ressu re  mercu ry  a rc  lamp.  The l ight sou rce ,  which is  essen t ia l l y  a point
sou rce ,  is r e l ayed  to a foca l  plane near  the su r face  of the f i r s t  ce l es t i a l  sphere
beamsp l i t t e r .  Wi th in  the r e l ay  op t i c s ,  t he re  i s  a co l l ima ted  sec t i on  where  the
ear th  occu l ta t ion  d isc  is  p l aced .  In the rendezvous  and docking windows there
is  a second  co l l imated  l ight  sec t i on  where  the LEM occul t ing d isc  and an
addit ional  i n te rmed ia te  f oca l  plane are l oca ted .

The re lay  sys tem is  so des igned  that the occul t ing d isc  p l aces  a shadow
on  the ce les t i a l  sphe re ,  provid ing a sha rp  image  of the d i sc  even  when i t  i s  off
the v iewing ax i s .  The necessa ry  angular mapping d is to r t i on  requ i red  to
p ro jec t  a c i r c l e  onto the ce les t i a l  sphe re  f rom an o f f -ax is  pos i t ion  is a lso
inco rpo ra ted  in  the re lay  op t i c s .

The comple te  ce les t i a l  d isp lay sys tem is packaged in  th ree  sec t i ons :  the
ce les t i a l  sphe re ,  the i l l umina tor ,  and the se rvoe lec t ron i cs  chass i s .  The
sphe re  and i l luminator are mounted on the s t ructura l  f rame of the infinity
imaging sys tem.  The e l ec t ron i cs  por t ion  is l oca ted  in  the e lec t ron ic  equipment
cabinet  assoc ia ted  with each window.
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Figure 2-17. Celest ia l  Sphere Drive
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An  occu l ta t ion mask  i s  p rov ided  fo r  each  window and the scanning
te lescope opt ics to furn ish ear th  occul ta t ion.

The occul tat ion mask  cons i s t s  of mylar  tape wound onto a bobbin ,  The
bobbin is loca ted  in the path of col l imated light in the starf ie ld  i l lumination
opt ics  with i ts  ax is  pa ra l l e l  to the opt ical  ax i s .  The bobbin can e i ther  take on
f i lm to s imulate a dec rease  in  al t i tude, or  le t  off f i lm to s imulate an i nc rease
in altitude. The amount of mylar  tape on the occul ta t ion  unit spoo l  r ep resen ts
the c i rcu lar  cross sect ion  of the earth as i t  would appear when viewed f rom
the spacec ra f t  at a co r respond ing  altitude. The re la t ionsh ip  of the occul ta t ion
mask  with r espec t  to i ts  ce les t i a l  sphe re  is shown in  f igure 2 -18 .

The occu l ta t ion sys tem has assoc ia ted  with i t  t h ree  se rvo  systems,
r e fe r red  to  as the X -ax i s ,  Y -ax i s ,  and Z -ax i s  se rvos .  The X -ax i s  se rvo
cont ro ls  the l i near  d i sp lacemen t  of the occul tat ion mask  normal to the opt ica l
axis and in  a ve r t i ca l  direction re fe renced  to the window. The Y -ax i s  se rvo  is
s im i l a r  to  the X -ax i s ,  excep t  i t s  mot ion  i s  in  the ho r i zon ta l  d i r ec t i on .  The
Z-ax i s  se rvo  is  an angular dr ive which con t ro ls  winding of the mylar tape ,  thus
changing the d iameter  of the d isc  and, consequent ly,  the shadowed a rea  on the
ce les t i a l  sphe re .

The LEM and ear th  occult ing mechan isms  are essen t ia l l y  ident ica l ,  The
only area of d i f ference is in limiting sizes of the subtended area, being
6 degrees to 87 degrees for LEM occultat ion and 6 degrees to 168 degrees for
ear th occul tat ion.

Since the diameter of the ear th as v iewed f rom different windows and
f r om the scanning t e l escope  is  the same ,  a s ingle s ignal  is  used  to dr ive the
Z-ax i s  se rvos  fo r  the f ive ea r th  occul ta t ion masks .  F igure 2-19 is a block
diagram of the occul tat ion  mask drive generation. Also included in this
d iagram are the fast dr ive computations.

SCANNING TELESCOPE AND SEXTANT VISUALS.

The scanning t e l escope  and sextant v i sua l s  simulat ion inc ludes percep tua l
images  as seen through these uni ts and hardware components  located in  the
SCM lower  equipment bay .  The compos i t e  assemb ly  of sex tan t / t e lescope
op t i cs  and image input assemb l i es  is  mounted on a r ig id  boom suspended  f rom
the overhead catwalk. Th is  a l lows the SCM to be l owe red  away f rom i t  and
t rave rse  beneath  i t ,

Scanning Telescope Simulat ion.

The s imulated t e l escope  cons i s t s  of a re t i c le  a r rangement  along with a
f ixed opt ica l  sys tem which permits simultaneous viewing of the s ta r f ie ld  and
the MEP.  F igu re  2 -20  i l l us t ra tes  the op t i cs  used in  s imulat ing the spacec ra f t
t e l escope .  The t e l escope  v iew- f ie ld  mot ion  resu l t ing  f rom te lescope  trunnion
opera t ion  or spacec ra f t  attitude changes is  s imula ted  by  moving the images.
Sun blinding is not incorpora ted in  the t e l escope  s imulat ion,  but an indicat ion
of a l i ne -o f - s i gh t  app roach  to the sun ' s  pos i t ion is p rov ided  by lighting within
the t e l escope  optics.
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Figure 2-18. Occultation Unit/ Celest ia l  Sphere
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Figure 2-19. Occultation Mask Drive Generat ion

M
O

O
IA

N
V

H
 Y

O
LO

N
YL

SN
I Y

¥O
LV

IN
W

IS
 N

O
IS

S
IW

 O
T

10
dV

20
-C

-1
9W

S
-@

®
.



N \} > v4

oh [)
a )

MIRROR | " ws
hr Ow =!J 51° w 5 2

\ \ MIRROR = Zp Q
Z|  53  p
3 O Q Q

STAR MIRROR |Z  08  Z
SPHERE 3'% SE  3315 z 3i OBJECTIVE 212 5% S

7 ”  | LENS ERECTOR LENS | oa  Vv

BEAM SPLITTER ASSY

MIRROR : \

: TA) TA EAY AY wll Yo  nH WI
| AU  AL / Vi iH  IN] NK  1\Y -

a ==  MIRROR
ERECTOR LENS ps  ==  OPTICAL

ERECTOR LENS & | ==  BRIDGE ASSY!~~  5 ELECTRONICS CABINET
MIRROR P r

TESTMIRROR ERECTOR LENS ~1 pane, | TELESCOPE TELESCOPE TELESCOPE TELESCOPE
- LEFT RIGHT VERTICAL TETICLE
py  & OCCULTING | OCCULTING | OCCULTING= POWER | ~ srrvo SERVO

|

= | SERVO | SERVO= PANEL

| |
I !

1) A 0 )

\ MIRROR | A

MiRRor OBJECTIVE LENS - |

- { s  - - -
\ oT  e l  -

AR SUNSHAFTING

0 -O  ==—_ TO EYEPIECE

MEP

OCCULTING ERECTOR
ASSEMBLY g RETICLE “ROTATING RETICLE ~~ LENS

ILLUMINATION ASSEMBLY |

SM-6T-2-02-424

Figure 2-20. Telescope Functional Diagram
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Landmark and s tar f ie ld  scenes  for  t e l escope  viewing are  prov ided through
the t e l escope  MEP in much the same manner as the window d i sp lays .  The
pos i t i on  of the t e l escope  op t i cs  in  the spacecra f t  l im i ts  the t e l escope  view at
ext reme trunnion ang les .  This l imitat ion is s imulated by occul tat ion b lades
contro l led f rom the computer  p rog ram as shown in f igure 2 -21 .

The s imulated t e l escope  shaft  and trunnion axis measu remen ts  are p ro -
v ided by the sex tan t / t e l escope  p rog ram to the image generat ion equipment.
The mechanica l  accu racy  of the s imulated te l escope  is  dependent upon opt ical
alignment, r e t i c l e - sha f t  ax is  alignment, and the alignment of these  to the
s ta r f ie ld  and MEP.  The tota l  displacement of t e l escope  scenes  due to these
mechanica l  e r ro r s  is £4 a rc  minutes.

Sextant Simulation.

Visual  simulat ion of the sextant is  contro l led by the sex tan t / te lescope
program using rea l - t ime  vehic le dynamics .  Signals f rom the p rogram contro l
scene  movemen t ,  scene  se lec t i on ,  shaf t  r eadou ts ,  l ight ing con t ro l  f o r  sun
re f lec t ion ,  and image  center ing for  the s imulated sextant op t i c s .  Sextant
optics simulation commences when the as t ro -sex tan t  doors are opened,
Figure  2-22  i l l us t ra tes  the sextant op t i cs  s imulat ion and assoc ia ted  controls,
To permi t  angular measu remen ts  with a deg ree  of accu racy  commensurate
with the requ i rements  of navigation sighting or  IMU alignment, overa l l  r epea t -
ability of sextant measuremen ts  fo r  s ta r  s ight ings is  £7 a rc  seconds ,  and s ta r
to landmark is £15 a rc  seconds .  These f i gu res  include a l l  f ac to r s  due to
image reso lu t ion ,  posi t ioning,  and degradat ion caused  by t ime ,  maintenance,
e tc .  Ret ic le positioning accuracy  within the sextant is  the same as that for  the
te l escope ,  0 .5  deg ree .  Image mot ion ra tes  for  the sextant are 0 .7  deg ree  per
second ,  maximum, and 3 .0  a rc  seconds  per  second ,  minimum. These al low
the s imulated sextant mot ions to be compat ib le with S /C  minimum impulse
rates.

Since spec i f i c  landmark images  are not obse rved  through the sextant
until they are c lear ly  ident i f ied and loca ted  by the t e l escope ,  only fixed images
contained on a s l i de  encompass ing  a 4 -deg ree  so l i d  angle are used  in  the s imu-
lat ion.  Sl ide se lec t i on  of appropr ia te  landmark images  occu rs  whenever  the
te l escope  l ine of s ight  fa l ls  within the cen te r  2 .2  deg rees  of any f ixed landmark
image p la te ;  o the rw i se ,  no scene is avai lable to the sextant .  Image plate
se lec t ion  is pe r f o rmed  by the sex tan t / t e l escope  p rog ram when op t ics  are
al igned to within 2 degrees of the center of an avai lable s l ide.  The sl ides are
pos i t ioned so that the sextant and t e l escope  l ines  of s igh t  co r respond .  Fl ight
c rew  cont ro l  commands are p rocessed  by the computer  to modify image
pos i t i on  so that p rope r  landmark image al ignment occu rs  dur ing SCM attitude
changes or changes in  trunnion ang le .  Th is  is  accomp l i shed  in  the op t i cs
sys tem by rhomboid scanne rs  for  both landmarks and s ta r f ie ld  v i ews .  Land-
mark  scenes  ( s l i des )  are r es t r i c t ed  to a p lane l oca ted  within 30 deg rees  of the
nad i r .  These s l i des  wi l l  contain spec i f i c  unobscured  landmarks containing
moon  and ear th  phase l ighting e f f ec t s .  In  a l l ,  a total of 90 s l i de  images  are
available for  sextant usage during ear th  and moon  landmark s igh t ings .
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Figure 2-21. Telescope Optic Drive Generation Flow Diagram
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Figure 2 -22 .  AMS Sextant Functional Diagram
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Star scenes  for  the sextant are deve loped  by a navigational s tar  gene ra to r ,
Th is  genera to r  uses a s ing le  output through a var iab le -dens i ty  f i l ter  and
focus ing  network to p roduce  the appropr ia te  navigat ional s tar  of the p rope r
magnitude. Assoc ia ted  ce les t i a l  s ta r  backgrounds are deve loped  by a s tar f ie ld
pattern gene ra to r .  This genera to r  ope ra tes  by rotat ing two opaque d i scs  in
di f ferent d i r ec t i ons .  These d i scs  have ho les  in  them which,  at ce r ta in  pos i -
t i ons ,  a l ign and a l low l ight to pass through, forming the va r ious  s ta r f ie ld
backgrounds requ i red  for  navigat ion s ta r s .  The pos i t ions  of these d i scs  are
determined by the sex tan t / t e lescope  p rog ram.  The two scenes  are then
combined via a beam spl i t ter  and p resen ted  to the s imulated sextant var iable
l i ne -o f - s i gh t  optics. There are  28 di f ferent navigation s ta r s  avai lable i n  the
AMS through the sextant s tar f ie ld  generator.

Contro l  of the sextant op t ics  simulat ion is maintained by the sextant/
telescope program as shown in f igure 2-23,

RENDEZVOUS IMAGE GENERATION SYSTEM.

The rendezvous image generat ion sys tem al lows simulat ion of CSM
t ranspos i t ion  and docking with the S - IVB .  It prov ides visual s imulat ion of the
S - IVB  with the LEM adapter  panels  dep loyed  us ing a mode l ,  re lat ive motion
simulat ion,  and two TV camera  and display sys tems .  The rendezvous  image
wil l  be v is ib le  only in  the two SCM docking windows.  F igure 2 -24  i l l us t ra tes
the rendezvous  image genera t ion  sys tem.  When v iewed f rom the SCM via the
infinity image  sys tem,  the S - IVB  wil l  appear  to have the p rope r  att i tude,
illumination, and size relat ive to the f ield of view f rom each of the docking
windows.  Movement of the mode l  in  i ts  th ree-g imba l  sys tem s imula tes  the
three  axes of rotat ional  mot ion of the spacec ra f t  with r espec t  to the S - IVB .
Relat ive t rans lat ional  mot ion be tween  the spacec ra f t  and the S - IVB  is  s imulated
by pitching or yawing the TV cameras  to s imulate Y and Z body ax is  t rans la -
t ion.  During Y-  or  Z -ax i s  t rans la t ion,  the S - IVB  mode l  moves  through the
same angle as do the TV cameras .  This g i ves  the i l lus ion of t ranslat ional
movement without any ro ta t ion.  X -ax is  t rans la t ion is s imulated by movement
of the TV cameras  along the camera  ca r r i age  ra i l s .  The camera  car r iage
has 86.92 inches of t rave l  available which corresponds to approximately
150 feet  at the sca le  of 20 to 1, When the s imulated d is tance between the
spacec ra f t  and the S - IVB  exceeds  150 fee t ,  the window image is  made smaller
by reducing the r os te r  s ize on the d isp lay CRTs .

The IIS causes  v isual  images  to appear  at infinity; however ,  the docking
mode l  wil l  appear  to be at infinity only at d is tances  g rea te r  than 150 feet.
Fo r  accura te  s imulat ion of ranges  less  than 150 fee t ,  the rendezvous  image
genera to r  mus t  cause the f oca l  point of the v i ewe r ' s  eyes to change as the
s imulated range va r i es .  This is  accomp l i shed  by phys ica l ly  moving the
docking window CRTs  forward as the S - IVB  range dec feases .  Us ing  this
method,  foca l  d i s t ances  as c lose  as 64 inches may be s imulated.  The CRTs
have a maximum t rave l  of 5 i nches ;  bu t ,  due to  the focus ing  m i r ro r s ,  th is
5 - i nch  movement wil l  change the foca l  d is tance f rom 150 feet  down to 64 i nches .

In  o rde r  to maintain p roper  clarity of the model  image at the docking
window, focus ing  l enses  on the TV cameras  are mechanical ly adjusted as the
camera  ca r r iage  moves  within i ts  l im i t s .  To simulate the S - IVB  in  a docked
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Figure 2-24. Rendezvous Image Model  Complex
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pos i t ion ,  a 35 mm s l ide  p ro jec to r  and TV camera are prov ided for  each
docking window. The d isp layed  image is  sca led  to co r respond  to the actual
window scene of the docked S - IVB  (approximately 5 feet) .  When simulation of
separa t ion  is  des i r ed ,  the s l ide viewing camera  output is  r emoved  and rep laced
by the model  viewing camera  output into the v ideo  preamplifier.

Model i l lumination cons i s t s  of two high intensity lamps represent ing  the
sun and four lamps represen t ing  re f l ec ted  ear th  l ight .  The two high-intensity
sun lamps are mounted in  a two-degree-of- f reedom gimbal sys tem.  The
system uses one gimbal whose center of rotat ion is the d i rec t  line of sight along
the camera  ra i l s .  The second  deg ree  of f reedom of the s imulated sun is
obtained by mounting the sun lamps on a ca r r i age  which t rans la tes  around an
arc  of the g imbal .  This a l lows rea l i s t i c  s imulat ion of the sun ' s  pos i t ion
relat ive to the mode l  and spacec ra f t .  T rans la t ion and rotat ion of the sun lamps
are l imited as shown in f igure 2-25, and contro l led  by inputs from the equations
of mot ion and ephemer i s .  Because  of the length of t ime requ i red  to br ing these
lamps to maximum light leve l  (6 to 8 m inu tes ) ,  they are p rog ramed  on approx i -
mately 8 minutes before  viewing of the model  under simulated sunlight is
requ i red .  Because  of the l imitat ion in the sun ' s  translational se rvo  travel,
rendezvous simulation with the sun direct ly in front of or behind the C /M  is not
possible.

The beams  of the sun lamps over lap  and prov ide an ext remely  high
intensity light pattern on the S- IVB model .  The simulation of the sun by means
of two lamps tends to b lend the shadows to the extent that the mode l  suppor t
arms do not cast dist inguishable shadows i f  they in terpose between the sun
s imu la to rs  and the t a rge t  vehic le mode l .  This pe rm i t s  the p lacement  of the
sun at any posit ion  between the observat ion  port  through which the camera  lens
v iews the mode l  and 120 deg rees  f rom that po in t .  The a rm  on which the sun is
mounted is also free to move in a c i rcu lar  path around the l ine-o f -s ight  axis.
This axis is without l imit, thereby providing full coverage of simulated sun
pos i t ion  over  a spher i ca l  segmen t  about 120 deg rees  h igh .  The sun 's  move -
ment along these axes is contro l led  by the same signals as the sun-shafting
simulator  in the MEPs .  The servo dr ive s ignals are brought in through sl ip
r ings mounted on the partit ion between the model  and camera areas.  The
rendezvous and docking simulat ion is  cont ro l led  by the v isuals  p rograms in  the
AMS,  as shown in  f igure 2 -26 ,

GUIDANCE AND CONTROL (G&N)  SYSTEM,

G&N SYSTEM CONFIGURATION REFERENCE,

The G&N system simulated in the AMS c lose ly  approximates the G&N
system proposed for SC 012 at the t ime of the AMS data f reeze .  Changes in
SC 012 AGC design since that t ime have left the var iat ions between SC 012 and
AMS major  modes l i s ted  in table 2-2,
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SUN SIMULATION
GIMBAL TRANSLATIONAL
AXIS
(120°)

SUN
SIMULATION
LAMPS
(MAX. ANGLE)

SUN
SIMULATION
LAMPS
(MIN
ANGLE)

° \

\ CAMERA TRACK
AXIS

CENTER OF
MODEL ROTATION SUN GIMBAL ROTATIONAL

AXIS (360°)

FOR SIMULATED RANGES GREATER THAN 36 FEET, LAMPS MAY TRANSVERSE FROM
10° FROM CAMERA TRACK TO 130° FROM CAMERA TRACK AS SHOWN ABOVE,

FOR SIMULATED RANGES OF LESS THAN 36 FEET, LAMPS ARE STATIONARY
AT 45° SM-6T-2-02-429

Figure 2-25. Rendezvous Sun Lighting Simulation
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Table 2 -2 .  Major  Mode D i f fe rences

Mode
No. AMS SC 012

00 No dif ference

01 None G&N Start-up and checkout

02 Gyrocompas sing Init ial ization

03 None Gy rocompass ing

04 Inert ial  re ference Opt ical  ver i f icat ion of azimuth

05 None Inertial re ference

11, 12 No di f ference

17 None LET abort

21, 22,
23, 27, No di f ference
31, 32

33 None SP S minimum impulse

41, 42 No di f ference

43 None SPS minimum impulse

46, 47,
51, 52,
53, 61, No difference

62

63 Pos t -0 ,  05g phase Init ialization

64 None Pos t -0 .  05g phase

65 Prefinal phase “ Upcontrol

66 Final phase Bal l is t ic  phase

67 None Final phase

71, 72, :

73 No difference

74 Contingency orbi t  inser t ion Contingency orbi t  inser t ion  1st burn

75 None Contingency orbi t  inser t ion  2nd burn

2-53



2 .6 .2

2 .6 .3

2 .6 .3 .1

2-54

SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

In  the o ther  por t ions of the G&N s imulat ion,  there is no s igni f icant
variat ion f rom the SC 012 G&N sys tem opera t i on .

F igu res  2-27, 2-28 and 2-29 are d iagrams of the actual SC 012 Iner t ia l
subsys tem,  AGC,  and optical subsys tem,  respect ive ly .  Ident i f ied on these
drawings are  te lemet ry  po in ts  and s imulated mal funct ions.  These  malfunctions
are  marked  on the d iag rams at the point  where  they wi l l  apparent ly be ef fect ive
in the AMS simulat ion of the G&N,

G&N SYSTEM SIMULATION.

The G&N sys tem cons i s t s  of t h ree  subsystems as fo l lows:

Iner t ia l  subsys tem (ISS)
Apol lo guidance computer (AGC) subsystem

eo Opt ics subsystem (OSS).

A block diagram depicting the overal l  G&N system simulations is shown in
f igure  2-30,

ISS SIMULATION.

For  the pu rpose  of s imulat ion,  the ISS i s  divided into six sec t i ons  as
fol lows:

Iner t ia l  measu remen t  unit ( IMU)  simulat ion
IMU mode  switching simulat ion
IMU coupling display unit (CDU) d i f ference signals simulation
Er ro r  warning simulat ion
IMU tempera tu re  cont ro l  s imulat ion
Iner t ia l  CDU dr ive s ignals s imulat ion,

IMU Simulat ion.

Cons tan ts  are  es tab l i shed  in  the IMU program to simulate the IMU stable
member ,  Once these constants  are  es tab l i shed ,  they form a re fe rence  f rame
from which a l l  G&N navigation ang les  are de r i ved .  Dr i f t  r a tes  and component
fa i lure e f fec ts  a re  inc luded in the computat ion of the stable member  alignment,
I t  is assumed in the computat ions that the s tab i l iza t ion loops  are  capable of
maintaining the iner t ia l  or ientat ion of this re fe rence  during all s imulated
changes in veh ic le  a t t i tude,  no ma t te r  what the ra te  of change i s .  The locat ion o f
the S/C body axes with r espec t  to the G&N stab le  member  re fe rence  f rame are
desc r i bed  in  the fo rm of Eu ler  ang les .  These  Eu le r  ang les  s imulate the inner,
midd le ,  and outer  gimbal ang les  in the IMU.  The gimbal ang les  are changed
in r esponse  to body axis ro ta t iona l  ra te  s igna ls  from the equat ions of mot ion
(EOM) .  Pos i t i on  of the gimbals are  computed cont inuously during an AMS run
even when the G&N power -o f f  condit ion is s imulated.  F igure  2-31 is a block
d iagram of the IMU simulat ion.  Only the so l i d  b locks  a re  pa r t  of the IMU
simulat ion.

The power -o f f  condi t ions b lock de te rm ines  the s imulated gimbal  ang les
when the ISS is  in  a standby condi t ion,  IMU mode  switching de te rm ines  when
this standby condi t ion ex i s t s .  The operat ional  condi t ions and malfunction
e f fec ts  b lock  de te rm ines  when the s imulated IMU is opera t iona l  and norma l
opera t ion  is poss ib l e .  The ef fect  of any G&N power  fa i lure on IMU opera t ion
is  a lso  ca lcu la ted  he re .

The coarse al ign torquing block simulates torquing of the IMU gimbals
during coarse alignment to the posi t ion reg i s te red  in the iner t ia l  CDUs. The
IMU mode switching log i c  prov ides these  iner t ia l  CDU ang les .  The f ine al ign
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TELEMETRY POINTS

SIGNAL DESCRIPTION

1 X AXIS PIPA SIGNAL GENERATOR OUTPUT

INNER GIMBAL ASSY 1X RESOLVER SINE OUTPUT
INNER GIMBAL ASSY 1X RESOLVER COSINE OUTPUT
MIDDLE GIMBAL ASSY 1X RESOLVER SINE OUTPUT
MIDDLE GIMBAL ASSY 1X RESOLVER COSINE QUTPUT
OUTER GIMBAL ASSY 1X RESOLVER SINE QUTPUT
OUTER GIMBAL ASSY 1X RESOLVER COSINE OUTPUT

3 OUTER GIMBAL ASSY SERVO ERROR
INNER GIMBAL ASSY TORQUE MOTOR INPUT
MIDDLE GIMBAL ASSY TORQUE MOTOR INPUT
OUTER GIMBAL ASSY TORQUE MOTOR INPUT

4 PIPA TEMPERATURE
IRIG TEMPERATURE
IMU HEATER CURRENT
IMU BLOWER CURRENT

5 IMU +28 VDC OPERATE
IMU +28 VDC STANDBY

6 IMU DELAY LIGHT
IMU FAIL
CDU FAIL
GIMBAL LOCK WARNING
IMU DELAY LIGHT
IMU TEMPERATURE LIGHT
COMPUTER POWER FAIL LIGHT
PIPA FAIL
ERROR DETECT

7 IMU PRESSURE LIGHT

8 POWER SERVO AMP TEMP 1
POWER SERVO AMP TEMP 2
POWER SERVO AMP TEMP 3

9 IGA CDU IX RES ERROR
MGA CDU IX RES ERROR
OGA CDU IX RES ERROR

TORQUING
COMMANDFINE ALIGN < FROM AGC

TO MALIF,
DETECT,

TIMING PULSES
ACCELEROMETER FROM AGC

LOOP CHANGES IN
VELOCITY TO
AGC

Figure 2 -27 .

T/M CODE

CG2001V

CG2112v
CG2113V
CG2142v
CG2143V
cG2172v
CG2173V

CG2167v
CG2110V
CG2140V
CG2170V

CG2300T
CG2301T
CG2302C
CG2303C

CG1503X
CGI1513X

CG5007X
CG5001X
CG5002X
CG5003X
CG5008X
CG5006X
CG5030X
CG5000X
CG5005X

CG5004X

CG6020T
CG6021T
CG6022T

CG2206V
CG2236V
CG2266V

MALF, NO.

GN-021
GN=-022
GN-023
GN-024
GN-025
GN-026
GN-027
GN-030
GN-031
GN-032
GN-033
GN-034
GN-035
GN-036
GN-037
GN-040
GN-041
GN-051
GN-052
GN-053
GN=-054
GN-055
GN-056
GN-057
GN-060
GN-061
GN-062
GN-063
GN-071
GN~072
GN-073
GN-112

GN-i113

GN-114
GN-115
GN-116
GN-117
GN-120
GN-121
GN-127

GN-130

GN-131

GN-132

INERTIAL SUBSYSTEM MALFUNCTIONS

MALFUNCTION DESCRIPTION

ZERO ENCODER LAMP FAILURE
COARSE ALIGN MODE LAMP FAILURE
CDU MANUAL MODE LAMP FAILURE
ENTRY MODE LAMP FAILURE
28 VDC FAILURE TO MANUAL MODE LATCHING RELAY
IMU TEMPERATURE WARNING LIGHT POWER FAILURE
IMU TEMPERATURE CONTROL RELAY FAILURE (OPEN)
AGC PWR FAIL INDICATOR POWER FAILURE
CDU FAIL LIGHT POWER FAILURE
AGC ZERO ENCODER RELAY FAILURE
AGC COARSE ALIGN RELAY FAILURE
AGC FINE ALIGN RELAY FAILURE
ATTITUDE CONTROL RELAY FAILURE
AGC ENTRY RELAY FAILURE
28V, 800 CPS 1% POWER FAILURE
28V, 3200 CPS POWER FAILURE
ENCODER EXCITATION (25.6 KC) FAILURE
IMU BLOWER #1 FAILURE
IMU BLOWER #2 FAILURE
PIPA HEATER POWER FAILURE
IMU CONTROL HEATER FAILURE
IMU CONTROL HEATER CONTINUALLY ON
IMU BACK-UP TEMPERATURE FAILURE
IMU BACKUP TEMPERATURE CONTROL CONTINUALLY ON
3200 CPS MAGNETIC AMPLIFIER EXCITATION FAILURE
IMU TEMPERATURE ALARM FAILURE (K1)
IMU TEMPERATURE ALARM (K2) FAILURE
IMU TEMPERATURE (K2) FAILED CLOSED
IMU 28V, 800 CPS 5% POWER SUPPLY FAILURE
IMU 28V, 800 CPS GYRO WHEEL POWER FAILURE
CDU ERROR SIGNAL GREATER THAN 5.4 VOLTS
IMU CONTROL TRANSFER SWITCH FAILURE (IN
COMPUTER POSITION)
IMU CONTROL TRANSFER SWITCH FAILURE (IN
MANUAL POSITION)
CDU ROLL INC/DEC SWITCH FAILS OPEN IN INC POSITION
CDU ROLL INC/DEC SWITCH FAILS OPEN IN DEC POSITION
CDU PITCH INC/DEC SWITCH FAILS OPEN IN INC POSITION
CDU PITCH INC/DEC SWITCH FAILS OPEN IN DEC POSITION
CDU YAW INC/DEC SWITCH FAILS OPEN IN INC POSITION
CDU YAW INC/DEC SWITCH FAILS OPEN IN DEC POSITION
40 SECOND TIME DELAY; FAILS RELAY IN DEENERGIZED
POSITION
IMU-CDU DIFFERENCE INDICATOR FAILURE; OUTER GIMBAL
POINTER FAILS AT ZERO
IMU-CDU DIFFERENCE INDICATOR FAILURE; INNER GIMBAL
POINTER FAILS AT ZERO
IMU-CDU DIFFERENCE INDICATOR FAILURE; MIDDLE GIMBAL
POINTER FAILS AT ZERO

SM-6T-2-02-333A

Inert ial  Subsystem
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REAL TIME WORD

TIMING PULSES

045
| CONTROLCONTROL PULSES . PULSES a WORD

INCREMENTAL PRIORITY SEQUENCE ORDER A S MEMORY
PULSES REQUESTS GENERATOR CODE DDRESS BANK

o hag | J .

PRIORITY
CONTROL

ADDRESS

INCREMENTAL PULSES o

WORD IR

KEYBOARD WORDS CENTRAL
PROCESSOR | COMMAND AND

010 RATE PULSES _

015
007 014
om 017
RAN 013g  020

DISPLAY & DISPLAY & DISPLAY WORDS AND ALARMS
KEYBOARD KEYBOARD

(MAIN) (LEB)

COMMAND WORDS
+2.5 VDC

—p TO T/M

y +3 VDC
+28 VDC POWER TO COMPUTER

SUPPLIES | +13 VDC SUBSYSTEM

[0 ]  a W003
004
005

TELEMETRY POINTS COMPUTER MALFUNCTIONS

NO] SIGNAL DESCRIPTION T/M CODE MALF NO. MALFUNCTION DESCRIPTION

GN-001 UP-DATA LINK BLOCKED1 28 VDC SUPPLY2 | Acc + voc iM  GN-002 | UP-DATA LINK BLOCK FAILURE
3 AGC ALARM 1 CO5020% GN-003 AGC-13 VDC POWER FAILURE

AGC ALARM 3 CG30ZIX GN-005 AGC 28 VDC POWER FAILURE
AGC ALARM 4 CO5023X GN-006 AGC OSCILLATOR FAILURE
AGC ALARM 5 C05024X GN-007 MAIN DSKY DISPLAY POWER FAILURE
AGC ALARM 6 CO5025X GN-010 LEB DSKY DISPLAY POWER FAILURE
AGC ALARM 7 COR026X GN=-011 MAIN KEYBOARD POWER FAILURE
AOC ALARM © CO5027X GN-012 LEE KEYBOARD POWER FAILURE
OC ALARM CO5028X GN-013 DSKY FLASHER FAILURE
AGC ALARM 10 COBO GN-014 MAIN DSKY DISPLAY FAILURE (3RD DIGIT "4%)

4 COMPUTER DIGITAL DATA 40 BTSs | coo001 GN-015 LEB DSKY DISPLAY .FAILURE (3RD DIGIT "8")
pu AGC TEMPERATURE MONITOR | Co4300T GN-016 LEB DSKY DISPLAY- FAILURE (5TH DIGIT "0")

| 
co r l ov  GN-017 LEB KEYBOARD (KEY "5") FAILURE

6 2.5 VDC TELEMETRY B1A5 GN-020 | LEB KEYBOARD (KEY “8") FAILURE
GN-042 AGC INTERRUPTER 30 MILLISECONDS
GN-043 AGC IN ENDLESS LOOPGN-044 AGC PARITY FAILURE

COUNTER INCREMENT IN PROGRESS 30 M SEC

Figure 2-28.

GN-045
Fo

SM-6T-2-02-334A

G&N Computer Subsystem
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torquing block, during IMU. fine alignment, to rques  the gimbals to the pos i -
t ion establ ished in the inflight alignment—fine al ign mode. These angles
are, again,  control led through the IMU mode switching l og i c .

The calculate actual gimbal ang les  block p rov ides  the mathematics
necessary to calculate the change in gimbal ang les  as p resc r i bed  in  the
blocks explained above.  The EOM prov ides  th is  b lock with body axis ro ta-
tional rate Euler ang les.  The simulated torquing of the gimbals is accom-
p l ished in the gimbal torquing block.

To this point, all gimbal angles have been computed in the I ;  frame.
The Ig  to SM direct ion cosines block, through transformation matrices,
conver ts  these Ip  f rame angles to stable member (SM) inner, middle,  and
outer gimbal angles.

The actual gimbal ang les  b lock p rov ides  s imulat ion of the angles
deve loped  by the IMU gimbal r eso l ve rs .  During prelaunch,  these ang les
are set by  the prelaunch alignment sec t ion .  F rom that t ime on, they are
calculated,by the IMU program and are fed out through this block.

The pulsed integrat ing pendulous acce le rometer  (PIPA) calculat ions
block s imulates the changes in  vehicle veloci ty  due to app l ied  f o r ces  such
as thrust  or  d rag .  The PIPA b lock  r ece i ves  these  acce le ra t ions  f rom the
EOM, in tegrates the accelerat ions to obtain a velocity, and prov ides  the
AGC with a number of pulses represent ing  a d i sc re te  amount of veloci ty
change.  Th is  d isc re te  amount, ca l led the PIPA sca le  fac tor ,  is normally
determined by three AGC condit ions: f ine, normal,  and emergency.
However,  in the AMS, only the normal scale factor is avai lable. The
counte rs  in  the AGC that r eco rd  the output of the PIPAs supply the i r  out-
puts to the launch boos t  moni tor ,  powered  f l ight, and entry  programs,

IMU Mode Switching Simulation.

This p rogram simulates the operat ion of re lays in  the ISS for se lect ion
of co r rec t  operat ing modes.  Mode se lect ion  and t ime delays are implemented
with software logic rather than re lays .  The ISS modes are as follows:

Zero  encode
Coarse align
Manual CDU
Fine a l ign
Attitude contro l
Entry.

Figure 2-32 is  a block d iagram of the IMU mode switching simulation.

The turn-on  t imer delay re lay block simulates the 40-second delay
t ime r  re lay .  Upon the act ivat ion of the iner t ia l  subsys tem,  the t imer  is
ini t ial ized. The delay may be overr idden  by depress ing  the MANUAL ALIGN
pushbutton on the SCM IMU mode control  panel.
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064
65
066

TRUNNION FEEDBACK
046.

SHAFT FEEDBACK 4 %47

Figure 2 -29 .

AGC OR DIRECT DRIVE RATE > » A TRUNNION ANGLE OPTICAL SUBSYSTEM MALFUNCTIONSLOWER D&C PANEL TRACKER
TRUNNION NALF. MALFUNCTION DESCRIPTIONRESOLVED INTEGRATING 3 :

DRIVE RATE LOOP GN-046 | SEXTANT TRUNNION MOTOR DRIVE AMPLIFIER FAILUREDRIVE RATES 
| Cbu GN-047 | SEXTANT SHAFT MOTOR DRIVE AMPLIFIER FAILURE

> > 
| MODE GN-050 | TELESCOPE SHAFT AND TRUNNION MOTOR DRIVE AMPL FAILSGaN MODE DRIVE RATE 4 4 SWITCHING GN-064 | OPTICS 28 V, 800 cps, 5%, POWER SUPPLY FAILUREINDICATOR SWITCHNG RESOLUTION 067 » & 25° GN-065 | OPTICS 28 V, 800 cps, 1%, POWER SUPPLY FAILURE

CONTROL v > GN=-066 | OPTICS 25. 6 KC POWER SUPPLY FAILUREPANEL GN-067 | OPTICS TRUNNION CDU MOTOR EXCITATION FAILURE
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Figure  2 -30 .  G&N System Simulation
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Inertial Measurement Unit Block Diagram
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The IMU t ime delay re lay  which is used  to l ight the warning indicator
at the MAP/DATA VIEWER is activated by the turn-on  t imer delay relay.

The latching re lay block computes the simulated status of the following
r e l ays :

Ze ro  encode latching re lay
Coarse al ign latching re lay
CDU manual latching re lay
Fine align latching relay
Attitude control  mode relay
Entry mode relay.

This is done by using inter lock log ic ,  mode select pushbuttons, the t ransfer
switch pos i t i on ,  and the 40 -second  t ime delay.  Also used wil l  be inputs from
the malfunction inser t ion  unit for  failing the power  to these  latching re lays .

The mode re lays block computes the state of the following relays:

Ze ro  encode mode re lay
Coa rse  a l ign mode re lay
CDU manual mode relay
Fine al ign mode re lay
Entry mode relay.

This will be done by using latching relay inputs, computer commands, the
t rans fer  switch pos i t ion ,  40 -second  t ime delay,  and inputs f rom the SCS and
IMU power l og i c .  These mode re lay outputs are used by most p rog rams  of
the ISS, |

The mode light act ivat ion  block prov ides  the d i sc re tes  to the l ights
behind the mode select pushbuttons on the SCM IMU Mode Control  Panel.
These  d i sc re tes  are prov ided when l ight power is available and the co r res -
ponding mode re lays  are  energized.

IMU-CDU Dif ference Signals Simulation.

The IMU-CDU difference represen ts  the e r ro r  between the IMU gimbal
and the CDU encoder  or ien ta t ions .  Th is  e r ro r  is  computed for each axis at 20

t imes  per  second and is  fed to the following po in t s :

e IMU p rog ram for use in  coa rse  a l ignment
eo IMU-CDU e r ro r  mete rs
e Stabi l izat ion and con t ro l  sys tem for  use as s t ee r i ng  commands,

Figure 2-33 is a b lock d iagram of the IMU-CDU di f ference s igna ls  simulation.

The reso l ve r  exc i ta t ion  b lock  de te rm ines  i f  IMU pos i t i ona l  r eso l ve r
exc i ta t ion is  ava i lab le .  The exi tat ion wi l l  be p resen t  when the 800 -cyc le

power is avai lable at the IMU and the zero encode mode re lay is not energized.
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Figure 2-33. IMU-CDU  Dif ference Signals
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The outputs of the IMU gimbal r eso l ve rs  are computed in the IMU
reso l ve r  outputs b lock.  These outputs wil l be e i ther  zero or the actual
gimbal  ang le ,  depend ing on whether  the r eso l ve r  exci tat ion is or is not
p resen t ,

The IMU-CDU  reso l ve r  d i f ferences b lock s imulates the outputs from
the one -speed  comput ing reso l ve rs  loca ted  on the CDUs., Fo r  the inner  and
middle gimbal  CDUs ,  th is  is s t r i c t l y  the d i f fe rence be tween  the s i ng le - speed
r eso l ve rs  on the IMU and CDU. Normally, the difference between the s ing le -
speed reso l ve rs  for the outer g imbal  wi l l  also be the output, provid ing there
is exc i ta t ion p resen t .  However ,  i f  the en t r y  mode is  se lec ted ,  the ou ter
g imbal  d i f fe rence becomes  the d i f ference be tween  the s i ng le - speed  reso l ve r
on  the IMU and the 16 -speed  reso l ve r  on the CDU,

Since the me te rs  which d isp lay  the IMU-CDU  di f ferences in the S/C do
not have l inear  movemen ts ,  i t  is necessa ry  to vary  the ga in  fac tor  of the D /A
conve r te r s  feed ing the IMU-CDU di f ference me te rs  in  the AMS, Th is  is
accompl ished  in a rea l i s t i c  manner by the IMU-CDU  meter  dr ive b lock .

The s teer ing  s ignals b lock uses the IMU-CDU  di f ference s ignals to
genera te  s teer ing s i gna l s .  It makes  the necessa ry  t rans format ions  to p ro -
vide the s tee r i ng  signals to the SCS in  both the body axis and the en t r y  ax is
coord inate  sys tems .  Th i s  is accomp l i shed  by f i r s t  p rocess ing  the s igna ls
through a yaw-p i tch  reso l ve r  wh ich  is equal  to the ou te r  gimbal ang le .  This
wi l l  y ie ld  both the en t r y  and the body  p i tch  e r ro r  and the yaw en t r y  error.
Next,  the s i gna l s  are fed through a fixed reso lu t i on  t ransformat ion matr ix
which y i e lds  yaw body e r ro r  and ro l l  body e r ro r .  Rol l  ent ry  e r ro r  is the
same as ro l l  g imbal  e r ro r  and, t he re fo re ,  needs no p rocess ing .

E r ro r  Warn ing Simulation. .

The pu rpose  of the e r ro r  warning sec t i on  is to s imulate the fa i lure
detect ion  c i rcu i t  outputs to the AGC and to the MAP/DATA VIEWER indica-
t o r s  as wel l  as the signal condi t ion ing c i rcu i t  outputs  to telemetry.
F igure 2-34  is a b lock  d iagram of the e r ro r  warning sec t i on  of the ISS.
All e r ro r  warn ing ind ica t ions  are the d i r ec t  or ind i rec t  resu l t  of a ma l -
funct ion i nse r t i on  f rom the M IU ,

The fol lowing fa i l u res ,  when i nse r t ed  from the MIU, are fed to the
AGC for  ope ra t i ons  within the compu te r :

eo CDU fa i l—ind ica tes  loss  of encode r  exc i ta t ion  and any CDU e r ro r
out of spec i f i c  tolerance.

eo PIPA fa i l—ind ica tes  any PIPA e r ro r  out of tolerance.

eo IMU fa i l—ind ica tes  any gimbal se rvo  e r ro r  out of t o l e rance ,  l oss
of 800 cps wheel supply exci tat ion, loss of 3200 cps ducosyn
exc i ta t ion ,  o r  g imbal  l ock  cond i t ion  ex i s t i ng .
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Figure 2-34, E r ro r -Warn ing  Flow Chart
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AGC power  fa i l—simulateg.  fai lure of the 3, 13, or  28 -vo l t  power
supp l i es  fo r  the AGC.  (AGC fai l  i s  not an input to the compu te r .  )

G&N e r ro r —a composi te indicat ing AGC power fa i lure,  CDU
fai lure,  PIPA fa i lure,  or IMU fa i lure,  as explained previously,

Gimbal lock  condi t ion—simulates the angle between the middle and
outer gimbal exceeding £60 deg rees .  This  is a potent ial  gimbal
l ock  condi t ion.

IMU temperature warning —simulated ene rg i z i ng  of the temperature
alarm re lay  i n  the tempera ture  contro l  unit,

CDU zero encoder —simulates energ iz ing  of the zero encode mode
re lay  and any one of the CDUs not zeroed.

The fol lowing fa i lu res  are outputs from the AGC:

A CDU {fail is s imulated i f .  the AGC is operat ional  and has a CDU
fail input with nei ther  the zero encode mode re lay  nor the five
al ign mode re lays  ene rg i zed ,  or  i f  any of these  re lays  are ene rg i zed
and the CDU fail pe rs i s t s  for  30 seconds,

An  IMU fail output is  s imulated i f  the AGC is operat iona l  and there
is e i t he r  an IMU fail input while the mode re l ay  is  de -ene rg i zed  or
IMU fai l  pe rs i s t s  for  30 seconds  whi le the mode re lay  is  ene rg i zed .

A PIPA fail output is simulated i f  there is a PIPA fail input to the
AGC and the AGC is operational.

When a CDU fai l  or IMU fail output is p resen t ,  the change des i r ed
mode se t t ings  b lock wil l  command a change in the p resen t  command mode
set t ing,

The IMU 40 -second  delay t imer  is used by the IMU mode swi tching

program to determine the state of the IMU delay re lay.  Its output indicates
that power  has been app l ied  to the inert ia l  subsys tem for  40 seconds.

The fol lowing lamp ind icators  on the MAP/DATA VIEWER il luminate
i f  lamp power is available and the CHECK CONDITIONS lamp pushbutton
is  dep ressed  or the co r respond ing  fa i lure is  t r ue :

G&N e r ro r
IMU fail
CDU fail
PIPA fai l
Gimbal lock
AGC power  fail
Tempera tu re  warning
Zero encode warning
IMU re lay warning.
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A lso ,  th ree  spa re  warn ing l amps  wil l  r ece i ve  l og i ca l  ones i f  lamp power  is

avai lable and the CHECK CONDITIONS lamps  pushbutton i s  dep ressed .  Indi-

cator malfunctions from the MIU are also i nse r ted  in this b lock.  The
COOLANT CHECK lamps rece i ve  a log ica l  one if lamp power is avai lable
and the check  coo lant  pushbutton is  depressed.

The G&N sys tem condit ions the fol lowing s igna ls  for te lemet ry  t rans -

m iss i on  i f  the T /M  5 -vo l t  re fe rence  is  within tolerance:

PIPA fail s ignal
IMU fail s ignal
CDU fail s igna l
AGC power fail s ignal
PIPA temperature
IRIG tempera tu re

The following signals f rom the power logic port ion of the IMU mode switching
prog ram are condit ioned and sent to telemetry from th is  point:

e IMU +28 -vo l t  dc opera te
eo IMU +28 -vo l t  dc standby

IMU Temperature Control  Simulation.

The IMU tempera tu re  cont ro l  maintains the IMU tempera ture  within

p resc r i bed  l im i t s .  It u t i l i zes  a p r imary  mode and th ree  backup modes  of

opera t ion  for  use in  the event  of p r imary  c i rcu i t ry  fa i l u re .  F igure 2-35

is a b lock d iagram of the IMU temperature control s imul>t ion.

In  the hea te r  and b lower  operat iona l  po in ts  and re lay log ic  block,

compar isons  are made to determine b lower  speed, heater  d iss ipat ion
necessa ry  for p rope r  operat ing cond i t ions ,  re lay  l og i c  to determine p rope r

hea te r  act ivat ion (which hea te r  wi l l  be ope ra t i ng ) ,  and which mode conf igura-

t ion  is  be ing  s imula ted.

The thermostat  and mercury  switch block s imulates actual tempera-
ture senso r  l og i c  and the thermosta t  and mercu ry  switch cond i t ions .

The relay logic b lock contro ls se lec t ion  of the temperature control
mode.  It a lso p rov ides  a temperature out of l imi ts  signal to the e r ro r

warning sec t ion .

The mode in which the sys tem is  p resen t l y  opera t ing  is determined

in the temperature control  mode b lock .  In the auto/overr ide mode,
automatic switching to emergency  mode is accomp l i shed  when the t empera -

ture goes out of limits,

In the malfunct ion i nse r t i on  b lock,  the e f fec ts  are determined for

malfunctions which alter calculations of heat generated.
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The input power block calculates the total heat generated  in  the IMU,
It also sends out the simulated current  dra in  to the mode switching log ic
p rogram.

The temperature of the ECS coolant is rece ived  by the heat t rans fer red
to the coo lant .  Based  on th is  temperature  and the calculat ion of input power,
the amount of heat  t r ans fe r red  to the coolant  i s  then determined and sent to
the ECS,

The IRIG and PIPA temperatures  b lock determines the corresponding
t empera tu res  based  on input power and input coolant  tempera tu re .  The
resul tant  is  used within the IMU temperature  cont ro l  sec t ion .

The ga in  button calculation b l ock  normally passes  IRIG and PIPA
t empera tu res  to the e r ro r  warning p rog ram and, internal ly,  to the hea te r
and b lower  opera t iona l  po in ts  and re l ay  l og i c  b lock .  When the IRIG gain
button i n  the SCM is dep ressed ,  an out of to le rance tempera ture  s igna l  is
substi tuted for the normal  IRIG temperature  s ignal .  This causes an IRIG
TEMP indicat ion i n  the SCM and at the IOS,  The same p rocess  is  used  for
the PIPA tempera tu re  button. A normal button is a lso  prov ided in  the SCM
to subst i tute normal  read ings  for  the actual temperature  inputs.

Inert ial CDU Dr i ve  Signal Simulation.

Th is  p rog ram computes  the s igna ls  necessa ry  to dr ive the three
coupl ing d isp lay  units (CDUs)  assoc ia ted  with the iner t ia l  measurement
unit ang les .  Th i s  r equ i res  that a d ig i ta l  to analog conve r te r  and a d ig i ta l
to r eso l ve r  conver te r  for  each CDU be used  as inputs to the se rvo  loop
dr iv ing  the CDU, A shaft encoder in each loop feeds back the actual angle
of the CDU to c lose  the l oop .  A l so ,  th is p rov ides  information which al lows
updating of the s to rage  a reas  in the s imulated AGC a l located for the gimbal
angle pos i t ions .  The iner t ia l  CDU dr ive s ignals p rog ram  also ac t iva tes  the
disp lays at the IOS which co r respond  to the IMU-CDUs ,  opt ics CDUs and
t e lescope  shaft  and trunnion readou ts ,  F igure  2-36 is a b lock d iagram of
inert ial  CDU dr ive simulat ion,

The Inert ial CDU motor  excitat ion block computes the availabil i ty of
exci tat ion to the mo to r .  Excitat ion is  avai lable whenever  the ISS is on
CDU manual,  the mode has not been se lec ted ,  or the s lew swi tches are
engaged.

The des i r ed  CDU pos i t i ons  b lock  de te rmines  the pos i t ion  to which
each CDU will be d r i ven  on the bases  of the power  ava i lab le ,  mode se lec ted ,
and al ignments in progress.

The commanded CDU pos i t ion  b lock computes the commanded posi t ion
of the CDU on the bases of the availability of motor excitation, the slew
switch pos i t i ons ,  and p resen t  pos i t ion  of the CDU.
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The CDU d isp lays  in the SCM are control led  by the digi tal  to analog
(D /A )  conver te r  and the d ig i ta l  to r eso l ve r  (D /R )  conve r te rs  in  the inert ia l
CDU D /A  and D /R  conve r te rs  b lock .

The update gimbal angles block per fo rms the same function as the
r eso l ve rs  on the spacecra f t  CDU,  It updates the AGC ang les  represent ing
the inner ,  middle, and outer gimbal ang les  by the amount they are  changed
during the p rev ious  i terat ion,  p rov id ing  the encoder  exc i tat ion is  present.

The CDU repea te r  dr ive b lock p rov ides  updating of the IOS repea te rs
for  the inert ia l  CDU pos i t i ons ,  opt ica l  CDU pos i t i ons ,  and the Te lescope
Shaft Pos i t ion  ind icator  pos i t i ons .  An output is  p rov ided  eve ry  0 .1  second
from this b lock .  Since there are  seven  values being updated, each d isp lay
at the 10S is  updated eve ry  0 .7  second .

The CDU ze ro  check b lock  p rov ides  a constant check on the output
of the CDUs dur ing the zero encode mode. It is commanded by the e r ro r
warning program to turn off the SCM ZERO ENCODER LIGHT when all
t h ree  ICDUs  a re  at  ze ro .

The alignment continuity b lock  p rov ides  d i sc re tes  to the al ignment
p rogram,  indicating when the commanded gimbal ang les  have been  reached.
This is  necessa ry  s ince  t he re  is  a ce r ta in  o rde r  for torquing the gimbals
in the alignment procedures to avoid gimbal lock condi t ions.

AGC SUBSYSTEM SIMULATION.

The simulated Apollo guidance computer (AGC) per forms the data
process ing  requi red  to accompl ish guidance and navigation tasks during
the fol lowing m iss i on  periods:

Prelaunch
Boos t
Coas t
Prethrust ing
Thrus t i ng
In-flight al ignment
Entry
Boos t  aborts.

To accompl ish  these tasks,  the astronaut d i rec ts  the AGC's activity
through use of the d isp lay  and keyboard (DSKY) .  The AGC communicates
the resu l t  of its computat ions to the astronaut through the DSKY data
disp lay .  Dur ing the per formance of i t s  t asks ,  the s imulated AGC uses
inputs f rom, and p rov ides  outputs to, var ious simulated S/C systems
including the G&N opt ics and inert ial subsystems.

In  simulating the AGC, the AMS uses p rog rams  c l ose l y  approximating
those in the actual SC 012 AGC at the t ime of the AMS data f reeze .  For
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purposes of explanation, the AGC simulation is divided into the following
pa r t s :

AGC executive program simulation
AGC input/output ( I /O )  simulation
AGC updata l ink simulation
AGC major  mode programs simulation
AGC subrout ines simulation.

The AGC execut ive p rog ram cont ro ls  opera t ion  and sequenc ing  of al l
other AGC p rog rams .  The AGC I /O  program t ranslates astronaut keyboard
inputs into data usable by the AGC and conver ts  for astronaut d isp lay the
computed or  s t o red  AGC pa rame te rs .  The updata l ink program al lows the
AMS ins t ruc to r ,  us ing  the IOS keyboard,  to s imulate updata f rom ear th
during the nonintegrated mode. The major mode p rograms are m iss i on
phase o r ien ted  contro l  p rog rams  which schedule the AGC subrout ines
to p rov ide  a work ing m iss i on  p rog ram.  The ma jo r  modes assoc ia ted  with
each m iss i on  phase are l i s ted  in sect ion 1 of Volume II. The major mode
p rog rams  and the f i r s t  23 subrout ines communicate with the astronaut by
way of the DSKY.  The f i r s t  23 subrout ines are  pr imar i ly  control  and log ic
p rog rams ;  howeve r ,  they are less  comprehens ive  in nature than the major
modes and are usually common to more than one m iss i on  phase and major
mode .  Rout ines 24 to 84 are pr imar i ly  computat ional type rout ines and
have no d i rec t  interface with the astronaut.  These rout ines and combina-
t ions  t he reo f  are equivalent to SC 012 AGC tasks  and jobs.

AGC Executive Program Simulation.

For  pu rposes  of d i scuss ion ,  the execut ive p rog ram is  d iv ided into
r ea l - t ime  and nonrea l - t ime  sec t i ons ;  r ea l  t ime meaning a fixed set  o f

equat ions are executed at a constant  rate of 20 t imes  per second .  The
rea l - t ime por t ion  of the p rog ram execu tes  the ' ' i n te r rup t ' '  mode tasks  and
cer ta in  other t asks  such as downlink d isp lay upda tes ,  e tc .  A lso be ing
moni tored in  rea l  t ime are jobs peculiar to the simulator such as malfunction
inse r t i on  rese t  and s tep .ahead .

After real - t ime equations are processed,  the executive turns control
over  to the m i ss i on  p rog ram or to the I /O  p rog ram if  DSKY act ivi ty is
requ i red .  This per iod  is the nonreal - t ime por t ion  which is  the simulator
equivalent of the AGC while it is computing uninterruptedly.

The execut ive p rog ram con t ro ls  the nonrea l - t ime  computat ions by
t rans fe r r ing  cont ro l  to the appropr ia te point in  the cur ren t  ma jo r  mode p ro -
gram.  The executive program basic routines are the wait l i s t  and the pr ior i ty
l i s t ,  Wa i t  l i s t  is  a rout ine which enables sho r t  durat ion tasks  to be executed
as a function of time. Ma jo r  mode  and I/O p rog rams  p lace  tasks  on the wait
l i s t  and spec i fy  the t ime at which they are  to be execu ted .  A countdown c lock
is  set and dec remen ted  for  each task  by the execut ive p rog ram rea l - t ime
por t ion,  When the c lock  reaches  ze ro ,  the task  is executed  in  rea l  time,
Reading the acce le rome te rs  during thrust ing and set t ing  up a long computational
job on the pr ior i ty  l i s t  a re  typical tasks  executed f rom the wait l i s t ,



2.6 .4 .2

2 .6 .4 .3

SM6T=-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

The p r io r i t y  l i s t  is a tool by which the execut ive p rogram sequences
jobs dur ing nonreal  t ime.  The p r io r i t y  l i s t  sequences  long durat ion jobs as
a funct ion of the re lat ive impor tance of each  job r eques t  cur rent ly  appear ing
on the p r i o r i t y  l i s t .  Jobs are  p l aced  on the p r io r i t y  l i s t  in  a number of
ways .  The as t ronaut  ac t i va tes  the p r io r i t y  l i s t  through the DSKY by r eques t -
ing a major  mode or a rout ine. Thereaf ter ,  the major  mode and/or  rout ines
use i t  by  f i l l ing the wait l i s t  with jobs to be executed.  For per iod ic  long-
durat ion jobs the wait  l i s t  may  be used to re i te ra te  a command at spec i f i ed
t imes  caus ing  the job to cont inue.

In summary, the rea l - t ime  por t ion  of the p rog ram is  execu ted  f i r s t
followed by the nonrea l - t ime p rog ram.  In the nonrea l - t ime p rog ram,  the
job of h ighes t  p r io r i t y  is executed f i r s t ,  and computat ion is  cont inued until
al l  the jobs on the p r io r i t y  l i s t  are executed or until the s imulator  rea l - t ime
inter rupt  s igna l  is  r ece i ved .  At  that t ime,  the AGC interrupt  routine s to res
the loca t ion  where  the nonreal - t ime job was in ter rupted so that contro l  may
be t r ans fe r red  to that point  i n  the p rog ram when the job is resumed.

AGC Input/Output ( I /O)  Simulation.

Inputs from the DSKY are sampled by the executive p rogram at 20
samp les  per second .  When a key code occu rs ,  the key code is s to red
immediately by the execut ive p rog ram and a p r io r i t y  is es tab l i shed  fo r
the I /O  p rogram.  The DSKY request  is then se rv i ced  by the I /O routine
CHARIN, or charac ter  in  rout ine.

Outputs to the DSKYs  are r ece i ved  by the I/O NVSUB rout ine.  I f
the I /O  is "BUSY, ' the request  is placed on a wait l i s t  and is executed
when the as t ronaut  or AGC rout ine cur rent ly  us ing  the I /O  f in ishes with
the d i sp lays .  The d isp lays  remain  busy  for  10 seconds  fol lowing each I /O
activity to ensu re  that d isp layed data are v i s ib le  to the astronaut.

In genera l  the I/O i s  cha rac te r i zed  by the same capabil i ty as AGC
PINBALL, except  for  the external machine add ress  to spec i f ied  l og i c  which
is not  simulated.

AGC Up-Data  Link Simulation.

The AGC up-data  link (UDL) p rog ram  prov ides p rocess ing  for any
UDL input r ece i ved  by the execut ive p rog ram in e i ther  in tegrated or  non-
in tegrated  modes.  The p rogram  is cal led by executive pr ior i ty  and operates
in  nonrea l  time.

Operat ion of the UDL p rog ram and the resul tant  AGC response  is
determined  by the IOS UDL panel mode se lect ion and the cur rent  AGC major
mode. In al l  cases except dur ing opt ics scor ing  as explained subsequently,
the UDL p rogram will command the AGC I /O  program to decode the UDL
key inputs ,  execute the verb funct ions,  and dr ive the SCM DSKY and re la ted
IOS displays.
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The operat ional modes prov ided by the UDL p rogram in conjunction
with the executive program are the integrated mode and the nonintegrated
mode.

With the integrated  mode selected from the IOS UDL panel and the
AGC in major mode 27 (ground update),  the UDL program will be cal led
(by pr io r i ty )  after executive recogni t ion of each key code input. The up-
data messages are generated by MSCC at the rate of approximately 9 key
code charac te rs  per  second .  |

With the nonintegrated mode se lec ted  from the 10S UDL panel  and the
G&N key depressed,  the UDL program  will be cal led by the executive program
in the same manner as during the in tegrated  mode, except that the key code
inputs are generated at the IOS UDL panel keyboard.  The instructor  may
dupl icate any SCM DSKY en t r i es  f rom that panel  by se lec t ing  the G&N up-data
key followed by the p rope r  noun, ve rb ,  and numer ic information. In  addit ion
to G&N update,  AGC c lock  al ignment (CTE) ,  op t i cs  sco r i ng  (da ta  display),
and real - t ime commands (RTC) may be init iated through the UDL program
in  conjunction with the UDL panel keyboard on the IOS.

By  enter ing the ve rb  codes for  e i ther  ' "AGCS c l ock  alignment' or  "RVT
update' '  from the UDL panel of the IOS, the UDL program will init iate a
routine which co l l ec ts  and sca les  the necessa ry  data (pos i t i on  and ve loc i ty
from equations of motion and t ime from the central  timing program) ,  forms
key codes for each data d ig i t ,  and sends these to the I/O p rog ram at a rate
of 7 cha rac te rs  per  second .

By enter ing verb codes in the IOS UDL keyboard represent ing  an
expected type of opt ics sighting (landmark, s tar ,  e tc . )  and the star and/or
landmark numbers assoc ia ted  with the s ight ing,  the IOS ins t ruc to r  may set
the v isual  system up to measure  the t r a i nee ' s  sighting accuracy.  The UDL
program p rov ides  the XYZ  coord ina tes  of the s igh ted  ob jec t ( s )  and p rov ides
a flag indicating the type of s ight ing to the v isual  p rogram.  No SCM disp lays
are act ivated,  nor is  the AGC I/O p rog ram cal led as a result of I0S  op t i cs
sco r ing  en t r i es .  The sco r ing  may  be v iewed f rom the IOS TEL  SEXTANT
DISPLAY. This is cal led data d isp lay  and is init iated by depress ing  the
DATA DISPLAY button on the IOS UDL panel.

AGC Major Mode Programs Simulation.

One of the functions of the AGC program is the simulation of the IMU,
including the gimbal angles, f rom 60 seconds pr io r  to l i f t -off  until lift-off,
This function cons is ts  of two major modes:  major  mode 02, prelaunch gyro-
compass ing ;  and major  mode 04, prelaunch inert ia l  reference.

Major  mode 02 in i t ia l izes the IMU stable member orientat ion so
that at launch, the Z axis is a long loca l  ver t ica l  (down) ,  the X axis  points
downrange, and the Y axis completes the r ight-handed t r iad.  The co r res -
ponding inert ial coupl ing d isp lay  units in the SCS are dr iven to these va lues.
Since the stable member is rotating with the vehicle until after rece ip t  of a
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guidance re fe rence  re l ease  s igna l ,  the gimbal ang les  wil l  not change;  t he re -
fore,  they are read in as constants at major  mode init ial izat ion. Upon:
rece ip t  of guidance re ference re lease ,  control  is t ransfer red to major
mode 04.

Major  mode 04, prelaunch inert ia l  r e fe rence ,  is  d isp layed to the
astronaut and confirms rece ip t  of the guidance re fe rence  re l ease  signal.
Th is  s igna l  is a lso  sent downl ine, te rmina tes  the gy rocompass ing  rout ine,
and al lows the s imulated IMU stable member  to go i ne r t i a l .  Th is  is  accom-
pl ished  by activating the IMU simulation p rogram.  Upon rece ip t  of the l i f t -
off signal, the average  g routine is ca l led to be done in  2 seconds  therea f te r .
Ma jor  mode  04 then terminates i t se l f  and ca l ls  major  mode 11, boos t
monitor p re -LET  je t t i son ,

Upon rece ip t  of the l i f t-off s ignal  the AGC will d isplay major mode 11,
in i t iate DSKY boos te r  moni tor  d i sp lays  and d r i ve  the IMU CDUs  to the

s to red  polynomial .  h i s to ry  assoc ia ted  with the Saturn att i tudes dur ing launch
and ascent .  The attitude e r ro r  needles on the FDAI wil l  then indicate the
CSM axes, the d i f fe rence be tween simulated CSM attitude f rom the launch
boost tape programmed Saturn att i tude. The FDAI ball  is s laved to the
IMU and ind icates total att i tude. The DSKY wi l l  d isp lay  alt i tude, inert ia l

velocity magnitude, and the angle of the inert ial  veloci ty  vector  above the
local  horizontal.

At l i f t -of f  p lus 171 seconds ,  the AGC will terminate major  mode 11
funct ions,  d isp lay ma jo r  mode 12, and init iate the pos t -LET  je t t i son  boos t
monitor funct ions.  The simulated ISS is swi tched to fine a l ign mode,
thereby nulling the FDAI attitude e r ro r  indicat ions.  The FDAI ball wil l
continue to indicate total attitude. The AGC wil l  compute for DSKY d isp lay
the fol lowing three quantit ies assoc ia ted  with instantaneous Saturn shutdown:
Delta V, r equ i red  fo r  SPS inse r t i on  of the CSM into o rb i t ;  maximum g,
p red ic ted  fo r  f ree - fa l l  and ent ry  at 1 /2  full l i f t ;  and f ree- fa l l  t ime to
300, 000 feet  a l t i tude.  Also at ini t iat ion of major  mode 12, the AGC will
start  monitor ing vehicle thrust and the S - IVB/CSM separat ion  (abor t )
s igna l .

In major  mode 21, CSM loca l  ver t ica l ,  the G&N system holds the
spacecra f t  attitude f ixed with r espec t  to loca l  ver t ica l  axes. The space -
craft negat ive Y axis  wil l  be held i n  the d i rec t ion  of the orbi tal  angular
momentum vec tor  and the p i tch attitude wil l be held to the value i nse r t ed
by the p i lo t  via the DSKY keyboard.

Landmark t racking (major  mode 22) accompl ishes CSM orbital
navigation by t racking of known landmarks using the SCT. A sight ing mark
is obtained by the as t ronaut  on the known landmark.  The iner t ia l  and
opt ical  CDU angles,  t ime,  and the latitude and longitude of the landmark
entered  into the AGC by  the astronaut  are  used by the orbi ta l  parameter
update routine to calculate the orbital  parameter  changes. The changes
are d isp layed in order for the ast ronaut /  ground to decide upon the i r
validity be fo re  incorpora t ion into the AGC calciilation of S/C pos i t i on  and
veloci ty.  The astronaut may d i rec t  the computer to automatically point
the SCT to the landmark or the acquis i t ion may be made manually.
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The s tar - lunar  landmark measurement ,  major  mode 23, is  avai lable
for t raining purposes only. The AGC does not use the data except for display
and te lemetry  pu rposes .  Acquis i t ion of the s ight ing ta rge ts  is  assumed  to be

per formed manually.

Information is  i nse r ted  into the AGC by way of the digi ta l  uplink by
t ransm iss ion  f rom the ground while the AGC is  in  AGC update, major  mode 27.
The AGC wil l  be programed to accept the following uplink inputs:

eo Li f t -of f

eo AGC c lock  alignment

eo Pos i t i on ,  ve loc i ty ,  and t ime data

e Prethrust  orbital  change data cons is t i ng  of the fol lowing: latitude
of pe r i gee  or apogee ,  longitude of pe r i gee  or apogee ,  maximum
delta V, pitch t r im,  yaw t r im,  and time of ignit ion.

® Prethrust  return to earth data consist ing of the following: latitude
of landing s i t e ,  longitude of landing s i t e ,  maneuver ,  pi tch t r im,
yaw t r im,  delta V tailoff.

Maneuvers  in  earth orb i t  are set up i n  the p re thrus t  orbi t  change

maneuvers ,  ma jo r  mode 31, by i nse r t i ng  the following ta rge t  data into the
AGC:  SPS igni t ion t ime ,  des i r ed  apogee or pe r i gee  alt i tude, altitude and
longitude of des i r ed  apogee or per igee ,  maximum allowable delta V, SPS
engine tr im angles,  and delta V tai loff .  The AGC will extrapolate the
navigat ion state vec to r  forward to igni t ion t ime,  compute the des i r ed
t ra jec to ry ,  and d isp lay  the fol lowing de r i ved  data :  pe r i gee  or  apogee
altitude, requ i red  del ta V, and m iss  d is tance f rom the des i r ed  apogee
or per igee locat ion.  This data load p rocess  is repeated.as often as des i red
to obtain a sat is factory  set of de r i ved  data.  The data may be loaded by  the
c rew  us ing ca r r y -on  data or maneuver  requi rements  deve loped from a
ground t rack  plot and present  orbi t  charac te r i s t i cs ,  Alternatively, the
ground may  load the data by way of the upl ink in  ma jo r  mode 27 or via
the voice l ink for inser t ioh  by the crew.

After complet ion of the t a rge t  data load, the AGC wil l  d i sp lay  t ime -

to- ign i t ion,  and the crew will p roceed  when ready with the IMU alignment
mode(s ) ,  i f  requ i red .  After alignment, the des i r ed  body attitude for
thrust ing wil l  be calculated and obtained via the attitude maneuver routine.

Prethrust ing,  re tu rn  to ear th  (ma jo r  mode 32), sets up the re tu rn
to ear th  or deorb i t  maneuver in  a manner s im i la r  to the ear th  o rb i t
maneuvers  desc r i bed  fo r  major  mode 31. The fol lowing t a rge t  data mus t

be inser ted  into the AGC for this mode: latitude and longitude of the
des i r ed  splash point ,  deorb i t  delta V, SPS engine t r im angles and delta V
ta i l -of f .  The AGC will compute and disp lay the  following data :  SPS
igni t ion t ime ,  m iss  d is tance f rom the des i r ed  sp lash  point (no ou t -o f -p lane
thrust  is  used ) ,  and entry path angle.  Th is  data load p rocess  may  be
repea ted  as often as des i r ed  to obtain a sa t is fac tory  set of data. The a l te r -

nate methods of developing and loading the target  data available in ma jor
mode 31 are available here also.
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After complet ion of t a rge t  data loading,  the AGC wil l  d i sp lay  the t ime
to igni t ion,  and the c rew  wil l  p roceed  when ready with IMU al ignment.  The
thrust ing body attitude is then set up as in  mode 31.

Major  mode 41 con t ro ls  th rus t ing  for orb i t  change maneuve rs ,  and
ma jo r  mode 42 con t ro ls  thrus t ing for the re tu rn  to ear th  maneuver .  These

modes  moni tor  the ul lage maneuver p r i o r  to SPS igni t ion,  command SPS

igni t ion, and init iate thrust  vector  contro ls  and delta V monitor rout ine.
In  the case of re tu rn  to ear th ,  the f ree  fall in terrupt  rout ine is enabled and

the ave rage  g equat ions continue to be computed af ter  engine shutdown.
After SPS shutdown, the orbital parameters  will be d isplayed and the free
fall t ra jec to ry  initialized.

The G&N standby SPS monitor (ma jo r  mode 46) moni tors all SPS
burns  not under G&N contro l  in  o rde r  to maintain t ra jec to ry  information.
The ave rage  g computat ions are a lso  used  for moni tor ing pu rposes .  After
the th rus t -o f f  flag is  sent out by the de l ta  V monitor rout ine,  the in tegrat ion

is terminated and f ree  fall orbi tal  in tegrat ion is updated.

The G&N standby RCS monitor (major  mode 47) per fo rms the same
funct ions for RCS f i r ings as does major  mode 46 for SPS burns.

Alignment of the IMU to a known spat ial  or ienta t ion is  requ i red  p r i o r
to landmark t rack ing ,  powered  flight, ent ry  guidance,  and attitude maneuvers.
A pe r fo rmed  or ientat ion is  def ined by the ma jo r  mode i n  p rocess  at the t ime
IMU in-flight al ignment is in i t ia ted.  Alignment to th is  p re fe r red  or ientat ion
may be bypassed  i f  the AGC is expl ic i t ly so ins t ruc ted  by the c rew in o rde r
to expedi te a maneuver .  It ts a lways essen t i a l ,  howeve r ,  that the ex is t ing
IMU or ientat ion be s to red  in the AGC f rom a p rev ious  alignment p rocess
which has been fo l lowed by continuous ope ra t i on  of the IMU. The AGCs
knowledge of IMU or ienta t ion conta ins a drift e r ro r  roughly p ropor t iona l
to the amount of t ime s ince  the l as t  a l ignment.  It is a lso  essen t i a l  that,

whenever  al ignment is bypassed ,  the c rew  ensu re  that subsequent  usage
of the IMU will not result i n  an excess i ve  middle gimbal angle (approx imate ly
15 deg rees  for  powered  flight guidance and 60 deg rees  for other functions).

The IMU in-f l ight alignment p rogram consists of three major  modes and
assoc ia ted  subrou t ines .  The ma jo r  modes  are ma jo r  mode 51, IMU or ienta -
t ion  de te rmina t ion ;  major  mode 52 ,  S - IVB / IMU a l i gn ;  and ma jo r  mode  53,

CSM/IMU a l ign.  Each major  mode has a major  mode d i sp lay  which ind ica tes
the ope ra t i on  in  process.

Major  mode 51, IMU or ientat ion determinat ion, is used when the IMU
spat ia l  or ientat ion is  unknown, such as just  after IMU tu rn -on ,  af ter a
pe r iod  of d r i f t ,  or  af ter  the IMU has l os t  s tabi l izat ion due to gimbal l ock
or a seve re  power  t r ans ien t ,  Th is  mode de te rm ines  the iner t ia l  or ientat ion

of the IMU stable member  with r espec t  to the fixed ce les t i a l  re fe rence
sys tem ut i l iz ing s tar  s ight ing information. The navigator  t r acks  and marks
two known s ta rs  us ing  the op t i c s  and i nse r t s  the d i rec t ion  of the star  l i nes
of sight into the computer .  Working from th is ,  the AGC determines the
IMU or ientat ion.  Upon complet ion of i ts l as t  rout ine,  ma jor  mode 51 t e r -
minates i t se l f  and t rans fe rs  control  to the AGC idl ing major  mode.
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Major  mode 52, S- IVB/ IMU align, is speci f ical ly  designed for IMU
alignment during the pe r i od  when the CSM is  at tached to the S - IVB .  Th is
alignment is made to b r i ng  the IMU gimbal angles to the pre launch or ien ta-
t ion. In this mode, no CSM attitude maneuvers can be per fo rmed.  It is
assumed  upon enter ing th is ma jo r  mode that the IMU wil l  be inert ial ly
s tab i l ized at a known orientation with r espec t  to the ce les t ia l  r e fe rence
sys tem,  the S- IVB wil l  be controll ing the spacecraf t  attitude in ei ther local
vert ical  mode or s ight ing attitude mode,  the des i r ed  IMU or ientat ion (i.e.,
the prelaunch IMU or ientat ion)  is  s to red  in the AGC and will not r esu l t  in
gimbal lock  for  any of the p rep rog ramed  S-IVB at t i tudes,  and the ma jor
mode wil l  normally be cal led by the ast ronaut  by DSKY entry.  Upon comple-
t ion of i ts computat ions, major  mode 52 terminates i tsel f  and cal ls  the AGC
idling major  mode.

Major  mode 53, CSM/IMU al ign,  i s  a fine alignment p rocess  in  which
the IMU or ientat ion is  p rec i se l y  determined by sextant tracking and t r immed
to the p re fe r red  or ientat ion by torquing the gy ros .  Its pu rpose  is to a l ign
the IMU and the CSM to a final or ientat ion spec i f ied  by a p rev ious  ma jor
mode. In this p rocess ,  the stars are automatically selected and acqui red.
A lso ,  spacec ra f t  maneuvers to permi t  s ta r  acqu is i t ion  and to obtain the
CSM attitude ca l led for in  the governing major  mode are  automatical ly
per fo rmed and in tegra ted with the star  t rack ing t asks .  It is  assumed  that
upon enter ing this major mode the CSM and S-IVB have been separated,
that the IMU is inert ial ly s tabi l ized at a known or ientat ion, that a des i r ed
final p lat form or ientat ion and a des i r ed  final vehic le  attitude have been
prev ious ly  spec i f ied  and stored in the AGC, and that an inter im vehicle
attitude may  be necessa ry  in  o rder  to al low s tar  s i gh t i ngs .  The s tar
s ight ings mus t  be taken after the platform has been coa rse  al igned due to
the i naccu rac ies  inherent in  the coa rse  a l ign p rocedu re .  Upon complet ion
of the fine alignment, major  mode 53 is  terminated and the AGC idl ing
major  mode is  ca l led.

The step ahead inhibit is  set at the s tar t  of C /M-S /M  separa t ion
maneuver, major  mode 61. Time to free fall and the veloci ty  to deorbi t
are computed un less  a boos t  abor t  is  in  p rocess .  Then the computer
determines the attitude requ i red for  C /M-S /M  separa t ion .  A rout ine is
cal led next which per forms this attitude maneuver.  Then the major  mode
is updated to 62.

C /M-S /M  separat ion  and preentry maneuvers ,  major  mode 62, will
enable a routine to compute the gimbal angle attitude after separat ion.
The routine performing entry init ial ization is also enabled by major  mode 62.
When 0. 05 g is simulated, the major  mode switches to major mode 63.

Majo r  mode 63, pos t -0 .5 -gphase ,  waits for a keyboard d isp lay  p r io r i t y
to indicate ro l l  angle and maximum g's to the astronaut.  The entry equations
are solved using input s teer ing  commands. When drag exceeds a spec i f ied
leve l ,  the major  mode is switched to 65.
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Major mode 65, prefinal phase, switches in the final phase Boolean
and major  mode 66.

Major  mode 66, final phase ,  swi tches the d i sp lays  to indicate la tera l
m iss  e r ro r  and bank ang le .  The ent ry  equat ions are solved until d rogue
chute deployment.

In  the even t  of a LET  abor t ,  the G&N has no cont ro l  function. The
sys tem will continue dr iv ing the FDAI ball  and will continue the P re -LET
j e t t i son boos t  monitor DSKY d i sp lays .  Upon rece ip t  of the C /M-S /M
SEPARATION signal  the ISS wil l  be switched to Fine Align Mode thereby
nulling the FDAI attitude e r ro r  needles,

The f i r s t  abor t  burn ,  major  mode 71, mon i to rs  the S - IVB /CSM
separat ion and the f i r s t  SPS manual burn which is used to a r res t  tumbling
and inc rease  the S- IVB/CSM separat ion d is tance.

The available means  of a safe abor t  wil l be ca lcu la ted and d isplayed
to the astronaut and to the ground through the abort  mode se lec t ion ,  major
mode 72. The abort  mode is then selected by the astronaut  from the three
types avai lable.  These  are abort  to d i sc re te  recove ry  a rea ,  contingency
orb i t  i nse r t ion ,  or f ree  fall to continuous recove ry  area.

The AGC wi l l  indicate to  the as t ronaut  which cho i ce  i t  cons ide rs

feasible by one of the following:

e Flashing reg i s te r  R1 i f  thrust ing to the d i sc re te  recove ry  a rea
is feasible

e Flashing reg i s te r  R2 i f  contingency orb i t  insert ion  is feasible

° Steadying the d isp lays  i f  f ree  fall to the continuous recove ry  a rea
is the only a l ternat ive.

The d i sc re te  recove ry  a rea  is l oca ted  at 29 .50  deg rees  north latitude
and 29 deg rees  wes t  longi tude.  The continuous recovery  a rea  extends f rom
launch point  (approx imate ly  78 deg rees  wes t  longi tude) to 47 deg rees  wes t
longitude.

The contingency orbi t  is def ined as pe r i gee  equal to altitude at t ime
of abort  (mus t  be g rea te r  than 300,  000 fee t )  and apogee of 105 n mi.

Thrus t  to the d i sc re te  recove ry  a rea ,  ma jo r  mode 73, maneuvers
the S/C to the attitude spec i f ied  by the SCM abor t  mode se lec t i on  p rog ram
for SPS ignit ion. This mode also p repares  the S/C system to count down,
in i t iate,  contro l ,  moni tor ,  and to terminate a boos t  abort thrust  to the
continuous recovery  a rea  i f  the ast ronaut  should make that cho i ce .
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Cont ingency orb i t  i nse r t i on ,  major  mode 74, maneuvers  the S/C to the
attitude spec i f i ed  by the CSM abort  mode se lec t ion  p rog ram for SPS ignition.
This mode a lso  p repa res  the s imulated AGC to count down, in i t ia te,  con t ro l ,
moni tor ,  and termindte  a boos t  abort thrust  to cont ingency orbi t  i nse r t i on
if the astronaut  should make that cho ice .

AGC Subrout ines Simulation.

The re  are  84 subrout ines in the AMS simulation of the AGC.  These
subrout ines are  o rgan ized  in the p rope r  o rde r  for each major  mode .  A
s ing le  subroutine may  be used i n  seve ra l  major  modes  as they a re  not
m iss i on  phase oriented.

OPTICS SUBSYSTEM SIMULATION,

G&N opt ics subsystem simulation (OSS) acts as an interface between
the G&N op t i cs  con t ro ls  in  the lower  equipment bay of the SCM and the visual
sys tems,  AGC, and d isp lays .  In the AMS, the OSS consis ts  of an opt ics
CDU dr ive  p rog ram.  The t e l escope  and sextant ( pa r t  of the OSS in  SC 012)
are s imulated as par t  of the visuals. |

The main purpose of the opt ics CDU is to convert  hand contro l ler
inputs to usable shaft and trunnion angular pos i t ions to the SCM displays
and angular pos i t ion  commands to the sextant and telescope programs.
Figure 2-37 is a block d iagram of the opt ics CDU dr ive simulat ion.

The maximum hand cont ro l le r  r a tes  l imi ts  the ra tes  for  the trunnion
and shaft CDU d r i ves  which may be commanded through the hand cont ro l le r .

The hand cont ro l ler  output r a tes  b lock computes  the actual shaft and
trunnion rates which are being commanded by the hand control ler  when it
is  out of i t s  detent pos i t i on .

If the mode switch is  in  the d i rec t  pos i t ion ,  the incrementa l  commands
to the CDU b lock  wil l genera te  commands to change the pos i t i on  of the CDU
by integrat ing the rates solved for in the hand control ler output ra tes .  If
i t  is in  the r eso l ved  pos i t i on ,  the ra tes  will f i r s t  be r eso l ved  into the p rope r
f rame and then integrated.

The commanded shaft and trunnion CDU angles are calculated by the
cor respond ing  block based on incremental  commands and the mode selected
by the ast ronaut .  In the manual mode, the last commanded angle is changed
by the amount des igna ted  by the incrementa l  commands to CDU blocks.
In the ze ro  op t i c s  mode ,  the commanded CDU ang les  are dec reased  in  a
spec i f ic  order  ending with all three CDUs pos i t ioned to zero. This a l lows
rea l i s t i c  ind icator  opera t ion  to the astronaut.

The shaft and trunnion CDU motor  excitat ion b lock  es tab l i shes  power
availabil i ty to the motor - tachs  on the opt ical  CDUs, This is a function of the
mode selected and pos i t ion  of the hand cont ro l le r .
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The des i r ed  pos i t i on  of the CDUs for the op t i cs  shaft and trunnion is o

calculated in  the des i r ed  CDU pos i t i on  b lock .  I f  power  is app l ied  to the
motor - tach  unit by the shaft and t runnion CDU motor  exci tat ion b lock ,  the
commanded angle becomes the des i red  angle in the des i r ed  CDU pos i t ion
block.  If power is not avai lable, then the des i red  angle is the p resent
pos i t ion  of the CDU. This information is obtained via the encoder posi-
t ional feedback.

The D /R  and D /A  converter  b locks compute the outputs to the D /R
conver te rs  and D /A  conver te rs  for use in  dr iv ing the SCM CDUs to the
des i red  CDU angle.

The te lescope  power  available block p rov ides  simulated power  output
when 800 cps +1 pe rcen t  op t i cs  power  is  avai lable and power  to the t e l escope
is not malfunctioned.

The des i r ed  t e l escope  repea te r  ang les  outputs to the t e l escope  pos i t i on
ind ica to rs .  Th is  enables the ast ronaut  to see where the t e l escope  is pos i -
t ioned with r espec t  to the navigat ional  base .  The des i r ed  pos i t i on  for the
shaft r epea te r  is the same as the pos i t i on  of the shaft CDU when there is
power  to the t e l escope .  When there  is  no power ,  the shaft ind icator  wi l l
be f r ozen  i n  the pos i t i on  i t  was in  when power  was removed ,  unless the
ast ronaut  has engaged  his un i ve rsa l  too l  and repos i t i oned  the ind ica to r .
Operat ion of the trunnion repeater  is s imi lar  to that of the shaft except
that the te lescope is of fset to e i ther  0 or 25 degrees by use of the slave
telescope switch in the SCM lower equipment bay. In this case, the o
des i r ed  pos i t ion  is that commanded by the slave telescope switch.

The t e l escope  repea te r  D /A  conve r te r s  r ece i ve  the des i r ed  t e l escope
repea te r  ang les ,  conver ts  them to analog s i gna l s ,  and sends these analog
s igna ls  to dr ive the t e l escope  pos i t i on  ind ica to rs .

The telescope l ine of sight b lock computes the IOS and shaft and
trunnion angles of the telescope which are sent to the v isual  subsystem for
use in pos i t ion ing  the displays.

If the slave telescope switch is in the 0 or 25-degree offset pos i t ion ,
the shaft and trunnion angles are the same as the telescope posit ional
indicator encode r  feedback.  Th is  will a lso  be t rue i f  the t e l escope  has
no power ,

I f  t e l escope  power  is on and the s lave t e l escope  swi tch is in  the s tar
IOS pos i t i on ,  the shaft and trunnion angle outputs to the v isua l  sys tem are
dependent upon shaft and trunnion CDU mo to r  exci tat ion avai labi l i ty.  The
commanded shaft and trunnion CDU angles wil l  then be the output f rom the
t e l escope  l ine of s igh t  b lock ,  I f  t e l escope  power  is not avai lable,  the CDU
angles recorded  by the encoder posi t ional  feedback wil l dr ive the v isual
sys tem.
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Sextant shaft and trunnion I1.OS ang les  are computed in  the sextant
l ine of sight b lock for output to the v isual  sys tem.  If sextant shaft and
trunnion CDU moto r  exc i ta t ion  is  r emoved ,  the sextant LOS wi l l  be f r ozen

in  i ts  p resen t  pos i t i on ,

Normally, the sextant LOS is determined  by the encoder-pos i t ioned
feedback.  When the opt ica l  CDU is  d r iven  by ei ther the hand cont ro l le r
or the ze ro  op t i c s  mode ,  the ang les  sent to the v isua l  sys tem are com-
manded shaft and trunnion CDU angles.

The update shaft and trunnion ang les  b lock  updates  the CDU shaft and
trunnion angles s to red  in  the AGC. When the AGC is on and operat ing,  and
the encoder exci tat ion is p resent  from the power log ic ,  the change in CDU
pos i t i on  is calculated and added to the p rev ious  pos i t i on  as s to red  i n  the AGC.

SEQUENTIAL EVENTS CONTROL SYSTEM (SECS) .

The sequence cont ro l  g roup  cons i s t s  of the mas te r  even ts  sequence
contro l  (MESC), the ear th landing sys tem cont ro l le r  (ELSC) ,  the se rv i ce
module je t t i son  cont ro l le r  (SMJC) ,  and the command module reac t ion  con-
t ro l  system contro l ler  (C /M  RCSC). The purpose of these units is to
control  the sequenc ing  of ce r ta in  m iss i on  events  as follows:

Launch escape  tower  j e t t i son
LES low, medium, and high altitude abor ts
SPS abort
C/M-S /M separa t ion
C/M descent  sequence.

SEQUENTIAL EVENTS CONTROL SYSTEM CONFIGURATION REFERENCE.

The SECS simulation i n  the AMS is  ve ry  c lose  to the SECS in  SC 012.
There is, however ,  a MAIN DEPLOY AUTO MAN switch on panel 16 of
SC 012 which is not included in the AMS, This switch wil l be used to
inhibit automat ic ma in  chute deployment dur ing abo r t s  ini t iated be low
5000 fee t .  Th i s  is  done to ensu re  that the spacec ra f t  does not dri f t  back
over  land p r i o r  to touchdown. When manual chute deployment is se lec ted
in such an abor t ,  the MAIN DEPLOY switch (panel 5) will be depressed at
an altitude of 2000 feet .  F igure 2-38 is a b lock  d iagram of the SC 012
SECS. Malfunction te lemetry  points simulated by the AMS are shown in
the f igure  at thei r  po in t  of ef fect ,

SEQUENCING EVENTS CONTROL SYSTEM,

The spacec ra f t  sequencer  and the s imulated sequencer  p rov ide  iden-
t ical  sets of in te r re la ted  e lec t r i ca l  impu l ses  on the bas i s  of c rew  activity,
events  i n  o ther  sys tems ,  and e l apsed  time. The re fo re ,  a functional
desc r i p t i on  of one is  a lso  a functional desc r ip t i on  of the o ther ,  and
f igure  2-38 is a b lock  d iagram of the sequenc ing sys tems  simulat ion as
well as the sys tem simulated.
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| 2 . 7 .2 .1  Launch-Boost  and S-1IV Separation Sequences.

P r i o r  to launch, the MECS is  enabled  by the c rew  member by means
of the MECS c i rcu i t  b reake rs  and ARM swi tches (MECS PYRO and MECS
LOGIC) .  A simulated launch and ascen t  to orbi t  is  desc r i bed  as fo l l ows .

At  T -4  seconds  the launch vehic le  eng ines  are ign i ted.  The eight
| L./V ENGINE l ights wil l extinguish upon simulation of 90 -percen t  thrust in

each engine. At T -0 all L./V ENGINE l ights will be extinguished, and the
LIFTOFF indicator  wil l  i l luminate, simulating launch. At T +5 seconds,
the LIFTOFF indicator will ext inguish, as it is no longer needed. During
the ascen t ,  at T +42 seconds ,  the c rew  member  at s tat ion 1 backs  up the
d isab l ing of the auto-ox id izer  dump by posi t ioning the OX DUMP switch f rom
AUTO OX DUMP to RCS CMD AUTO,

At T +2 minutes ,  both the 2 ENGINE OUT switch and the L./V RATES
EXCESSIVE switch should be p laced  in  the OFF pos i t i ons .  At  approximately
T +2 minu tes ,  20 seconds ,  L /V  ENGINE l ights 5 through 8 i l luminate fol lowed

by L/V ENGINE l ights  1 through 4 at  T +2 minu tes ,  26 seconds .  Two sec -

onds la ter ,  all LL/V ENGINE l ights ext inguish, except L./V ENGINE 1. This
indicator monjtors S- IVB thrust ing and wi l l  again ext inguish when the S-IVB
90 pe rcen t  of maximum thrus t  is  simulated at approximately T +2 minutes,
30 seconds .  The TWR JETT switch should be act ivated at T +2 minutes,
50 seconds .  Th is  causes  simulation of LES  tower  and motor  remova l .  The
EDS switch, panel 16, should then be placed in the OFF pos i t ion.  Upon orbi t
attainment, at approximately T +10 minutes,  L./V ENGINE 1 l ight  illuminates
simulating S-IVB shutdown. It will remain i l luminated until S-IVB separa-
t ion.  Th is  separa t ion  is  accompl i shed  by  se lec t ing  an attitude hold mode ,
p lac ing the RCS CMD switch to the ON pos i t i on ,  commanding a +X translation,
and p ress ing  the ADAP SEP switch. The crew member should then place the
EDS POWER switch and the two MSCE swi tches (PYRO and LOGIC), panel
25, to the OFF position.

2 .7 .2 .2  Earth Landing Sequence.

A normal descent from orbit  is accompl ished  by, f i r s t ,  performing a
G&N, SCS, or manual d i rec t  entry .  This is fol lowed by a manual activation
of the ELS  through the ELS  LOGIC switch,  panel 8, at an altitude of 50, 000
f ee t .  When the al t i tude dec reases  to  24, 000 f ee t ,  a 0 .4 - second  t imer  i s

s tar ted .  The runout of th is t imer causes  the apex cove r  to j e t t i son ,  Two
seconds la te r ,  the two drogue chutes are deployed. No ELS events occur
between drogue deployment and main chute deployment at 10, 000 feet.

Apex cover  je t t i son ,  drogue chute deployment,  and main chute dep loy -
ment all have manual backup switches on panels ,  After main chute deploy-
ment ,  the remaining C /M  RCS fuel and ox id i ze r  are to be burned.  Th is  is
accomplished through the C /M RCS JETT  DUMP swi tch.  Aural cues in  the
AMS simulate th is  burn ing.  When all propel lants  have been  burned,  the
helium in the C /M  RCS is jet t isoned through use of the C /M RCS JETT
PURGE switch, This is indicated by decreas ing  helium p ressu re  and C /M
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SEQUENCING SYSTEM T/M SIGNALS

SIGNAL DESCRIPTION

ELS SEQ START RELAY CLOSE A&B

BOOSTER CUTOFF SIGNAL A&B

LAUNCH ESCAPE/PITCH CONT MTR FIRE INITIATE A&B

CANARD DEPLOY A&B

ADAPTER SEP A&B

HAND CONTROLLER INPUT A&B

DIRECT ULLAGE ON A&B

FWD HEAT SHIELD JETT A&B

EDS AUTO ABORT ENABLE A&B

LES DC VOLTAGE PYRO BUS A&B

LES DC VOLTAGE LOGIC BUS A&B

EDS ABORT LOGIC INPUT 1, 2, &3

EDS ABORT LOGIC OUT A&B

TOWER JETTISON A&B

LES ABORT INITIATE SIGNAL A&B

CM-SM SEP RELAY CLOSE A&B

ADAPT SEP RELAY CLOSE A&B

RCS ACTIVATE SIGNAL A&B

CM RCS PRESSURIZED SIGNAL A&B

DROGUE DEPLOY RELAY CLOSE A&B

MAIN CHUTE DEPLOY-DROGUE RELEASE RELAY CLOSE A&B

BARO SWITCH LOCKIN RELAY A&B (25K FT BARO SW)

BAROMETRIC PRESSURE STATIC REFERENCE
MAIN CHUTE DISCONNECT RELAYS A&B

T/M CODE

CD0037X
CD0038X
CDO0044X
CD0045X
CDOI01X
CD0102X
CD0120X
CD0121X
CD0127X
CD0128X
CD0130X
CDO131X
CDO140X
CD0141X
CD0230X
CD0231X
CDO315X
CD0316X
CD0005V
CDO0006V
CD0200V
CDo201V
CDO132v
CDO0133V
CD0134V
CDO0135X
CDO0136X
CDO0105X
CDO106X
CD0002X
CD0062X
CD0023X
CD0024X
CDO125X
CDO126X
CDO170X
CDO171X
CDO173X
CDO174X
CE0001X
CE0002X
CE0003X
CE0004X
CE0007X
CE0008X
CEQ035P
CE0321X
CE0322X
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MALFUNCTION NO,

GS-001
GS-002
G 5-003
GS-004
GS-005
GS-006
GS-007
GS-010
GS-011
GS-012
GS-013
GS-014
GS-015
GS-016
GS-117
GS-020
GS-045
GS-046
GS-047
GS-050
GS-051
GS-054
GS-055
GS-070
GS-071
GS-072
GS-073
GS-074
CS-200
CS$-201
CS-202
CS-203
CS5-204
CS-205
C5-206
CS-207
CS5-210
CS=-211
CS-212
Cs-213
CsS-214
CS-215
CS-216
Cs-217
CS-220
CS-221
Cs-222
CS-223
CS-224
CS5-225
CS-226
CS-227
CS-230
CS-231
CS-232
CS-233
CS-250
CS5-251

SEQUENCING MALFUNCTIONS
MALFUNCTION DESCRIPTION

24,000 FOOT BARO SWITCHES FAIL OPEN
TIME DELAY SWITCHES BEFORE DROGUE DEPLOY RELAYS FAIL (OPEN RELAY CIRCUIT)
10,000 FOOT BARO SWITCHES FAIL OPEN
SIVB/CSM STAGING FAILURE
ELS XISTOR SWITCHES FAIL TO FIRE
BAROMETRIC ALTIMETER FAIL (NO RESPONSE TO ALTITUDE CHANGES)
BAROMETRIC ALTIMETER FAIL (ZERO INDICATION)
APEX COVER FAILS TO JETTISON
RCS CONTROL LATCHING RELAY FAILS TO CLOSE DURING SPS ABORT
ANTENNA RELAY FAILS OPEN
RCS COMMAND SWITCH FAILS TO OPERATE TO CONTROL RELAY WHEN IN ON POSITION
AUTOMATIC TRANSFER FUNCTION FAILURE
OXIDIZER DUMP/RCS CMD SWITCH FAILS OPEN IN THE RCS CMS POSITION
MAIN CHUTE FAILS TO DEPLOY AUTOMATICALLY
CANARDS FAIL TO DEPLOY AUTOMATICALLY
ANGLE OF ATTACK INDICATOR FAILS TO ZERO
ESCAPE TOWER FAILS TO JETTISON DURING LES ABORT (MISSION SEQUENCE FAILURES)
TRANSLATIONAL CONTROLLER ABORT CIRCUITRY FAILURE
MISSION SEQUENCER FAILS TO ARM ELS LOGIC DURING A LES ABORT
C/M-S/M SEP BOLT FAILS
LES TOWER JETTISON MOTOR HOT-WIRE IGNITION FAIL
SPS ABORT PROGRAMMER 1.7 SECOND TIME DELAYS SWITCHES FAIL OPEN
LES MOTOR FIRE XISTOR SWITCHES FAIL OPEN
SCS = RCS CONTROL RELAY DRIVERS A&B FAIL TO TURN "ON"
SCS = RCS CONTROL RELAY DRIVERS A&B FAIL TO TURN "OFF"
C/M RCS PRESSURIZE MOTOR SWITCH SYSTEM A FAIL (OPEN WIRE)
C/M RCS PRESSURIZE MOTOR SWITCH SYSTEM B FAIL (OPEN WIRE)
ESCAPE TOWER SEPARATION XISTOR SWITCHES XISTOR FAIL
999 SEC TIMER STOP
ABORT REQUEST LIGHT FAIL ON OR SHORTED
ABORT REQUEST LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 1 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 1 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 2 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 2 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 3 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 3 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 4 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 4 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 5 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 5 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 6 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 6 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 7 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 7 LIGHT FAIL OFF OR OPEN WIRE
BOOSTER ENGINE NO. 8 LIGHT FAIL ON OR SHORTED
BOOSTER ENGINE NO. 8 LIGHT FAIL OFF OR OPEN WIRE
L/V RATES LIGHT FAIL ON OR SHORTED
L/V RATES LIGHT FAIL OFF OR OPEN WIRE
L/V GUIDANCE LIGHT FAIL ON OR SHORTED
L/V GUIDANCE LIGHT FAIL OFF OR OPEN WIRE
LIFT-OFF LIGHT FAIL ON OR SHORTED
LIFT-OFF LIGHT FAIL OFF OR OPEN WIRE
EDS FAILS TO INITIATE A 2-ENGINE OUT ABORT
AUTO ABORT ENABLE RELAY FAILURE
DIGITAL EVENT TIMER FAILS TO START
INSTRUCTOR INITIATED ABORT
INSTRUCTOR AUTO ABORT INHIBIT

SM-6T-2-02-368

Figure 2-38. Sequencing Systems
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RCS A, C /M  RCS B, and MASTER CAUTION l ights ,  Nei ther  the CM RCS
JETT DUMP nor the CM RCS JETT PURGE switch is act ive unless the CM
RCS JETT  LOGIC switch is on. Th is  swi tch should be turned on p r i o r  to
C/M-S /M  separa t i on  a f te r  deorb i t  del ta V ,

Abort Sequences.

If an abor t  is  to occur  during ascen t ,  i t  wi l l  be in i t ia ted by one of th ree
cond i t ions :  EDS,  through automatic abor t ;  c rew  act ion in  r esponse  to an

abor t  reques t  l ight ,  or c rew  act ion in r esponse  to observab le  spacec ra f t

cond i t ions .  EDS abo r t s  may  be accomp l i shed  only by  us i ng  boos te r  tapes
p lus  appropr ia te  malfunct ions, or boos te r  tapes reflecting app rop r ia te  mal-

funct ions.  These  malfunct ions include L /V  excess i ve  ra tes ,  L /V  guidance
malfunct ion, L /V  two eng ines  out, and boos te r  b reakup.  Crew p rocedures

cal l  for d isabl ing the two -eng ine -ou t  and L /V - ra tes  automatic abor t  p r i o r
to S - IB /S - IVB  s tag ing .  At launch escape  tower  j e t t i son ,  a l l  EDS automatic

aborts  are d isabled automatically.

Dur ing an abor t ,  nei ther  the c rew  nor the IOS opera to r  r ece i ves  any
d i rec t  ind icat ion of an abort  occu r rence  unless the abo r t  is  the resu l t  of an
abor t  r eques t .  At  LES  abor t  in i t iat ion, the c rew  and the 10S ope ra to r  wil l
r ece i ve  aural  cues ,  through the in te rcom,  indicating the escape  tower
f i r ing.  At the same t ime,  LES MTR FIRE and C /M-S /M  separat ion  will
be simulated. The FDAI will also indicate rapid changes in S/C attitude
during the abor t .  The C /M  RCS is  p ressu r i zed  by  the abor t  s igna l ,  and
a rap id  i nc rease  in  sys tem p ressu re  indicat ion is visible.

Ox id izer  dump beg ins  as the sys tem becomes  p ressu r i zed  dur ing
abor ts  ini t iated be fo re  T +42 seconds  ( low alt i tude abo r t s ) .  Th is  is  ind i -
cated by dec reas ing  C /M  RCS helium p ressu re .  E leven  seconds  after the
abort  is in i t ia ted,  the LES  canards are dep loyed.  Th is  wil l occu r  in  al l
LES aborts regardless of alt i tude. The LES tower is automatical ly jet t i -
soned 14 seconds  after low alt i tude abor t  in i t ia t ion.  Th is  wil l  be mani fested
in the SCM by aural  cues simulat ing py ro techn ics  and uncover ing  of command
module windows s imulat ing boos t  cove r  removal  with the t owe r .  I f  the tower
is not j e t t i soned  automatical ly at th is  t ime,  the c rew  member  should manually
ove r r i de  the funct ion by p lac ing the ABORT SYSTEM MODE switch to the
TWR JETT SPS MODE pos i t ion .  Drogue chute deployment at 16 seconds
a f te r  abort  ini t iat ion is s imulated in  the AMS by aural cues simulat ing
drogue mor tar  f i re  and by signals sent out of the EL SC to the EOM and
AFM p rog rams ,  Main chute deployment at 28 seconds  a f ter  abor t  init iat ion
1s s imulated in  the same way as d rogue chute deployment .  Both d rogue
chute and main  chute deployment have manual backup sw i tches  on pane l  16
of the SCM. During low altitude aborts init iated more than 42 seconds after
l i f t -of f ,  the sequence  of even ts  wil l be the same as above except  that main
chutes wil l  dep loy  at 10, 000 feet  ra ther  than as a t imed funct ion.  A l so
C /M RCS ox id izer  is  not dumped at abor t  in i t iat ion but wi l l  be burned,  along
with RCS fuel ,  af ter  main chute deployment. From main chute deployment
to touchdown, low altitude abor ts  ini t iated more  than 42 seconds  after l i f t -
off are  the same as the normal  entry sequence.
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During medium altitude abor ts  (24, 000 feet  to 120, 000 fee t ) ,  the LET
is not j e t t i soned  until altitude dec reases  to 24, 000 fee t .  Four  seconds  after
tower  j e t t i son ,  drogue chutes a re  deployed. From this point on, the sequence
of events wil l be the same as those in a normal entry,

During high altitude (120, 000 feet to TWR JETT)  aborts the LET should
be manually je t t i soned  between 6 and 15 seconds  af ter  abor t  initiation. The
C/M should be manually or iented to the entry attitude and the SCS or G&N
entry mode selected.  From this point on, the sequence of events will be
the same as those in  a normal entry,

If an abort is ini t iated after tower je t t ison,  it automatically becomes
an SPS abor t .  Al l  SPS abor ts  mus t  be manually ini t iated f rom the command
module.  Th is  immediately causes  boos te r  engine shutdown and a d i rec t
u l lage.  After a 1 .7 - second  delay,  to allow boos te r  thrust  to decay,  adapter
separa t ion  is  commanded. Roll stabi l izat ion is  enabled 0.8 second  l a te r .
After a normal ul lage maneuver,  the SPS engine is manually f i red.  From
this point on, the normal entry p rocedu res  a re  fo l lowed.

The MECS automatically pe r fo rms  C /M-S /M  separat ion during all
abor ts ,  except  SPS abor t s .  Th is  entai ls p ressu r i z i ng  the C /M  RCS, t r ans -
ferr ing SCS attitude commands to the C /M  RCS, and initiating C /M-S /M
physical  separat ion.  In order  for the C /M RCS to rece ive  SCS attitude
commands,  the CM RCS JETT switch must  be on. In  case of SPS abort  or
normal  en t ry ,  C /M-S /M  sepa ra t i on  i s  manual ly in i t ia ted through the

C/M-S /M SEP switch (panel 5).

2.8 TELECOMMUNICATIONS SYSTEMS,

2 .8 .1  TELECOMMUNICATIONS SYSTEMS CONFIGURATION REFERENCE,

The telecommunications sys tems simulated in the AMS c lose ly
approximate those AF 012. An explanation of the di f ferences between
AF 012 and the AMS fo l lows,

The HF ANTENNA switch, panel 17 of the AMS command module,
is  i n  S/C 012, Th is  is caused  by  the delet ion of the H -F  orbital  communi-
cat ions capabi l i ty .  The AMS has no UP TLM CMD swi tch.  This swi tch
i s  l o ca ted  on  panel  19 of  S /C  012 and i s  used  to  r ese t  t hose  rea l - t ime

commands for which the command module has con t ro l s .  This al lows the
spacecraf t  systems to return to the status selected  by the command
module swi tches.  Only 10 tracking stat ions are simulated in the AMS.
They are  l i s t ed  in  table 3-5 and geograph ica l l y  i l lus t ra ted  i n  f i gu res  3 -4
through 3 -19 .

The computer wil l  de termine when each simulated stat ion may t r ans -
mit to or rece ive  from the vehicle on the basis of their relat ive pos i t ions .
Although a Co rpus  Chr is t i  ground stat ion is s imulated,  no actual s tat ion is
located at that point .  The locat ions of the inser t ion ,  in ject ion,  and reent ry
sh ips are at var iance with planned locat ions for  these  sh ips  during
Miss ion  204A,
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F igu re  2-39 is  a b lock  d iag ram of the spacec ra f t  telecommunications

sys tems  s imu la ted  by the AMS,  The f igure  inc ludes the R -F  ca r r i e r  sys tems

( t r ansm i t  and r ece i ve )  and the modula t ing ,  demodulat ing,  cod ing ,  decoding,

antenna,  swi tch ing sys tems  used  to accomp l i sh  the up -da ta  l ink to the PCM

t e leme t ry ,  and the voice l i nks  be tween  the spacec ra f t  and MSFN,  A lso

inc luded in the d i ag ram are the s imu la ted  te lecommun ica t ions  malfunctions

and the i r  po in t  of e f fec t  in  the s imu la to r  equiva lent  of the sys tem.

TELECOMMUNICATIONS SYSTEMS  SIMULATION,

The AMS s imula t ion  of the te lecommun ica t ions  sys tems  is accomp l i shed

by comple te  s imulat ion of modulat ion in te l l i gence  but does not inc lude actual

or s imu la ted  R -F  cha rac te r i s t i c s ,  Howeve r ,  a capab i l i t y  is p rov ided  to

s imulate  the e f fec ts  of actual  rad io sys tem at tenuat ion,  d i s t o r t i on ,  and i n t e r -

f e rence  on modulat ion i n te l l i gence .  A l so ,  mal funct ion s imulat ion inc ludes

the fa i lure of R -F  ca r r i e r  componen ts  on modulat ion in te l l i gence  in va r i ous

telecommunications l i nks .

VHF /AM Simulat ion.

Dur ing s imulated nea r -ea r t h  opera t ions ,  vo ice  communicat ions are

ca r r i ed  on via the VHF /AM equipment ,  Upcoming VHF/AM vo ice  in forma-

t ion  is  s imulated by an audio s igna l  f rom IMCC dur ing the i n teg ra ted  mode of

ope ra t i on .  As shown in  f igure  2 -70 ,  th i s  s igna l  is  mixed with no i se  f rom

the no i se  gene ra to r  a f ter  ene rg i z i ng  a VOX swi tch ,  The s i gna l  is  then sub-

j ec ted  to d i s t o r t i on  in  the garb le  con t ro l .  The amount of garb le  and no ise  is

cont ro l led  manually through the VHF/AM noise and garb le con t ro ls  on the
IOS. From this point,  the audio signal  is sent through VHF/AM, TR /REC
swi tch con tac ts  at each as t ronau t ' s  audio cen te r  to t h ree  mixers.

If the AMS is in  the non in tegra ted  mode ,  the s imula ted VHF audio s igna l

is fu rn ished  by the IOS i ns t ruc to r -ope ra to r .  The audio signal is  then fed into

the VOX vo l tage con t ro l  ampl i f ie r  and VOX swi tch con tac t s .  F rom th is  point,

the audio s i gna l  is t r ea ted  the same as the in tegrated mode VHF /AM signal.

Up- l i nk  VHF/AM vo ice  inc ludes ear th  to S/C and LEM to S/C s i gna l s ,  both

of which wi l l  be simulated.

S-Band  S imula t ion .

S-band up-vo ice  ( f igure 2-70) enters the AMS f rom IMCC during in te-
grated mode, or the IOS in the nonintegrated  mode, and is sent through a delay
uni t .  Th is  unit cons i s t s  of a cont inuous loop tape r eco rde r .  The aud io  s ignal

is r eco rded  on one head and played back  by a second head.  The delay is a

funct ion of tape speed be tween  the two heads .  Th is  speed is con t ro l l ed  by

the AMS compu te r  and  i s  r ep resen ta t i ve  of  the d i s t ance  be tween  the S /C  and

ea r th ,  A th i rd  head ,  the e rase  head,  is  l oca ted  a f te r  the p layback head and

p repa res  the tape for  i t s  next r eco rd ing  cyc le .  Th is  de lay  wi l l  not be

not iceable during M iss ion  204A. However ,  during la te r  m i ss i ons  at g rea ter
distances f rom ear th ,  this delay wi l l  be necessary  for accurate simulat ion
of voice communications.
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No ise  s imulat ion on the S-band audio s ignal  is accompl ished  manually
by the S-band no i se  contro l  on the 10S,

The garb le  cont ro l  for the S-band s ignal i s  much the same as the garble
con t ro l  for  the VHF /AM s i gna l ,  al though the amount of  ga rb le ,  as the amount

of noise,  may be d i f ferent  because of the inherent qual i t ies of di f ferent types
of t r ansm iss ion .  F rom the garble con t ro l ,  the vo i ce  s igna l  s imulat ing the
S-band up -vo i ce  is sent through swi tch contac ts  cont ro l led  f rom each as t ro -
naut 's audio center,

Transm iss ion  of down- l ink data and vo i ce  v ia S-band is s imulated i n
the AMS without introduct ion of no i se ,  ga rb le ,  or de lay .  Voice s igna ls  are
sent to the IOS or  the IOS and MSCC,  depending on s imulat ion mode (non -
in tegrated or in tegrated) .  Data s ignals f rom the simulator command module
are sent to the T /M  conso le .  The T /M  conso le  opera t ion  is expla ined in
deta i l  in  sec t i on  2. 14. 4.

UHF/FM Simulation.

The UHF /FM rece i ve r  in  the command module rece i ves  UDL  in forma-

t ion only. No, degradat ion of the ca r r i e r  signal through no i se ,  garb le ,  or
fade i nse r t i on  is simulated. However ,  malfunct ions may be i nse r t ed  to
s imulate imp rope r  s ignal  r ecep t i on .  Th i s  s imulat ion is  explained in
pa rag raph  2 .8 .2 .5  and 2. 14. 2.

HF Simulat ion.

After entry and landing, the communicat ions sys tems serve two
pu rposes ,  vo ice  communicat ions and beacon .  The H -F  t r ansce i ve r  is the
p r ime  unit  p rov id ing  these  funct ions because  of i ts  capabi l i ty  of opera t ing
beyond l i ne -o f - s i gh t .  The VHF/AM prov ides  backup for voice communica-1
t i ons ,  whe reas  the VHF -BCN backs  up the H -F  beacon. |

The AMS simulation of the C /M H-F  voice recept ion  is equipped with
no ise  and garb le  i nse r t i on  capabilities.

Up-Data  Link Nonintegrated Mode.

Figure  2-40 i s  a b lock  d iagram of the AMS up-data  l ink simulat ion in
the nonintegrated  mode. Dur ing nonintegrated operat ion,  UDL s imulat ion
is  accomp l i shed  by manipulat ion of the UP DATA LINK panel  of the IOS.
As the actual  MSCC is not used, the UDL messages sent to the UDL decoder
are in uncoded format rather than the MSCS subbi ts.  Message contents wil l
be the same as i n  the in tegra ted mode ,  that i s ,  veh ic le  add ress ,  sys tem
add ress ,  and information bits.

The four se lec t  buttons (RTC,  G&N,  CTE ,  and DATA DISPLAY) are
in ter locked to p reven t  se lec t i on  of more  than one sys tem at a time. The
panel  wi l l  remain  i n  the se lec ted  mode unti l  the KEYBOARD CLEAR button
is dep ressed ,  unlatching the se lec ted  sys tem and rese t t i ng  the panel.
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TELEMETRY POINTS

SIGNAL DESCRIPTION

SIG COND POS SUPPLY VOLTS

SIG COND NEG SUPPLY VOLTS

SENSOR EXCITATION 5 VOLTS

SENSOR EXCITATION 10 VOLTS

C-BAND TRANSMITTER OUTPUT MONITOR

C-BAND DECODER QUTPUT-NORMALIZED

GAS CHROMATOGRAPH TRACE DETECTED

PCM REFERENCE LEVEL (85% - HI)

PCM REFERENCE LEVEL (15% - HI)

PCM REFERENCE LEVEL (85% - LO)

PCM REFERENCE LEVEL (15% - LO)

S-BAND REC AGC VOLTAGE

VHE/AM REC AGC VOLTAGE

S-BAND TRANSMITTER DETECTED RF QUTPUT

S-BAND P.A, DETECTED RF OUTPUT

UDL RECEIVER SIGNAL STRENGTH

VHF/AM TRANSMITTER DETECTED RF QUTPUT

VHF/FM TRANSMITTER DETECTED RF OUTPUT

S-BAND RECEIVER STATIC PHASE ERROR

CTE TIMING MODE MONITOR

S-BAND ANTENNA DEPLOY MONITOR

PCM TIMING SOURCE EXT, OR INT.

RESET COINCIDENCE

PCM BIT RATE CHANGE-8 BITS

CENTRAL TIMING GMT-32 BITS

S-BNAD HI-GAIN ANTENNA POS-PITCH

S-BAND HI-GAIN ANTENNA POS .-YAW

UDL SYSTEM VELOCITY SIGNAL - 8 BITS

T/M CODE

CT0015V

CT0016V

CT0017v

CT0018V

CTOo08%9V

CT10098V

CT0108K

Cro12s5v

CTO126V

CT0127Vv

CTo128v

CT0147v

CTO191v

CT0215v

Cro222v

CTo261v

CT0320v

CT0330V

CT0212V

CTO141X

CT0154X

CT0340X

CT0342X

CT0120X

CTO142F

CT0152H

CTO153H

CT0262H

N \Y; r
AUDIO : -
CENTER

NO.1 y

cmos [ v l
ee mr om om em

Vv HF
TRANSCEIVER

E
N

(CM022) oC
Lo /

(CMO10)

AUDIO
CENTER

NO.2 \'4 VHF/AM
(CMO07) > TRANSMIT

(CMO) ANTENNA
CONTROL

VHF _ Vu
MULTIPLEXER

VHF/AM
h \4 RECEIVER
a rz

(CM012)
(CMO13)
(CMO14)

AUDIO h AD
CENTER J U

NO.3 _
lel

(CM021)
AY; | VHF/FM

| 
TRANSMITTER

U (CMO15)

G&N

UHF/FM
RECEIVER .

(CMO016)

\ '  PMP V,D S-BAND
La TRANSMIT

(RANGING) (CMO004) Vv,D S-BAND
(CM003) - POWER

U,V,  D (CM00T1)
(CM002)

\ V
(CM005
(choos) u,v S-BAND [ig]

RECEIVER ™
ry

DATA

J [
= [

=

PCM PANEL
T/M

a

O
o W
w

m

F 3

O
o

D | TIMING

vY A 4 (CMO025)

S-BAND
DIPLEXER

uDL
VALIDATE
(CM017)

DISTRIBUTION

TIMING |
-

CTE
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COMM AND DATA
C/M CONTROLS
AND DISPLAYS

TRANSPONDER

-64 RTC'S

\Y,  AV
(CMO030)

| {CM020)

SCIN

C-BAND

\ 4

(CMO31)

MALF. NO.
(CM036) O

CM 001
CM 002
CM 003
CM 004
CM 005
CM 006
CM 007
CM 010
CM 011
CM 012
CM 013
CM 014
CM 015
CM 016
CM 017
CM 020
CM 02]
CM 022
CM 023
CM 024
CM 025
CM 026
CM 027
CM 030
CM 031
CM 036
CM 043
CM 044

ANTENNA
SELECT

CM 045
CM 046
CM 047

({CM027)

SCE
(CM023)
(CM024)
(CM026)

F igu re  2 -39 .

CM 054
CM 055
CM 057

SIGNAL INDEX
ANALOG DATA
DATA
VOICE
UP-DATA

JO
N [w

v]

[=
]

{=
}

no
n

cC
< 

O
P

TELECOMMUNICATION MALFUNCTION
MALFUNCTION DESCRIPTION

S-BAND POWER AMP (20 W.) FAIL
S-BAND POWER AMP (5 W.) FAIL
S-BAND NORMAL DOWN VOICE FAIL
S-BAND EMERGENCY DOWN VOICE FAIL
S-BAND UP VOICE FAIL
ASTRO #1 AUDIO CENTER FAIL
ASTRO #2 AUDIO CENTER FAIL
UPPER VHF SCIMITER ANTENNA FAIL (OPEN CIRCUIT)
VHF/AM DOWN VOICES FAIL
VHF/AM UP VOICE FAIL
VHF/AM NO. 2 RECEIVER FREQUENCY FAIL
VHE/AM NO. 1 RECEIVER FREQUENCY FAIL
UP-DATA S~BAND FAIL
UP-DATA UHF/FM RECEIVER FAIL
UP-DATA LINK VALIDATION FAIL
CTE XTAL OSC FAIL
ASTRO #3 AUDIO CENTER FAIL
LOWER VHF SCIMITER ANTENNA FAIL (OPEN CIRCUIT)
SIGNAL CONDITIONER + 5 VDC FAIL
SIGNAL CONDITIONER INTERNAL POWER FAIL
PCM FAIL
SIGNAL COND +10 VDC FAIL
AUTOMATIC SELECT OF S-BAND OMNI- ANTENNAS FAIL
UPPER S-BAND OMNI ANTENNA FAIL
LOWER S-BAND OMNI ANTENNA FAIL
S-BAND "TUNE FOR MAX" METER FAIL
COMPLETE C-BAND FAIL
VHF/FM TRANSMITTER FAIL
COMPLETE CTE FAIL
C-BAND TRANSPONDER FAIL OVERHEAT
VHF RECOVERY BEACON FAIL SHORT OR OVERLOAD
S-BAND TV CKT FAIL SHORT OR OVERLOAD
HF SCVR EQUIP FAIL SHORT OR OVERLOAD
PMP EQUIP FAIL SHORT OR OVERLOAD

SM-6T-2-02-305A

Telecommunicat ions System Block D iagram
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G
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¢

108
UP-DATA

LINK
PANEL

REAL TIME COMMANDS

CENTRAL TIMING EQPT WORD

DATA DISPLAY

A y

COMPUTER |
INTERFACE |

- BINARY
CT MATRIX

G&N

Figure 2 -40 .

INTERFACE
AGC B

3

Up-Data  Link Simulation, Non- In tegrated Mode

AMS
COMPUTERS

TYPEWRITER
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Depress ing  the RTC or CTE se lector  switch informs the computer  of
the type message upcoming and connects the nonintegrated panel contro ls to
the compute r .  The same type opera t ion  occu rs  when the G&N se lec to r  switch

is ac t iva ted,  except  that the UDL wo rd  wi l l  be fed to that sec t i on  of the AMSC

which is simulat ing the S/C AGC.

After the vehic le  and sys tem add resses  have been  determined,  the
remainder of the up-da ta  word  is made up by success i ve  dep ress ions  of the
NOUN, VERB,  PLUS,  MINUS, and 0 through 9 keys on the UDL pane l .  The
word is then en tered  through a binary matr ix ,  interface networks,  and digital
bit  input circuits.

2.9 C /M  AND S/M REACTION CONTROL SYSTEMS  (RCS).

2 .9 .1  RCS CONFIGURATION REFERENCE,

The C /M  and S /M RCS sys tems  of the AMS accura te ly  simulate the
reac t ion  cont ro l  sys tems  in  AF  012, Schematic d iag rams  of the C /M  RCS

and S /M  RCS are shown in  f i gu res  2-41  and 2 -42 ,  r espec t i ve l y .  AMS

malfunctions which may be i nse r ted  into the simulated RCS systems are
ind icated at thei r  points of e f fec t  i n  the AF  012 RCS diagrams.

2 .9 .2  C /M  AND S/M REACTION CONTROL SYSTEMS SIMULATION.

A block d iagram of the equations for simulation of C /M  RCS systems A
and B and S/M RCS systems A, B, C, and D is p rov ided  in f igure 2-43,
These  equat ions cons ide r  c rew  and sys tem inputs p lus malfunct ion inputs
f rom the IOS, Malfunction inputs are not shown in the block d iagram in order
to simpli fy the drawing.  The malfunction inser t ion  points may be seen in
actual RCS d iag rams  ( f i gu res  2-41 and 2-42).

The input s igna ls  are used  in computing such sys tem var iab les  as
tempera tu re ,  p ressu re ,  p rope l lan t  quantity, valve s ta tus ,  e tc .  Outputs
f rom these b locks  are  used p r imar i l y  by the RCS in tegrat ion and indicator
dr ive b l ocks .

The RCS integrat ion and indicator dr ive block is bas ica l ly  concerned
with generat ing var iab les which are dependent on outputs from, or are
requ i red  as inputs to,  the C /M  RCS or  S /M  RCS b locks .  This  b lock  a lso
ca lcu la tes  senso r  and indicator malfunction e f fec ts  and mod i f ies  the valve
s ta tus  deve loped  in the C /M  RCS and S /M RCS b locks  to p rov ide  the neces -
sa ry  indicator  d r i ves  and te lemet ry  outputs.

Switches on pane ls  5, 15, and 16 and c i r cu i t  b reake rs  on panel  25 of
the SCM contribute the crew inputs to the RCS p rogram  in the AMS, They
enable the p rogram to estab l ish the condit ion of each of the two C/M and
four S/M RCS sys tems .  The three sections of the RCS program consider
these swi tch and c i rcu i t  b reake r  inputs i n  determin ing the s imulated status

and availabil i ty of each RCS react ion  jet. The status of each RCS system is
sent to the C&W sys tem and is  d isp layed on panel  12 in  the SCM and at the

2-96



RC 324/102
RC 314/313/102
RC 315/313/102 25RC 31e/913/102 RC 116 HELIUM RC 1
RC 314/102 RC 120
RC 315/102 ISOLATION
RC 316/102 \ VALVE

SYSTEM "A"
tJ TEMP

PRESSURE
TRANSDUCER

‘RC 330/333/127
RC 331/333/127
RC 332/333/127

REGULATING UNIT

~

N RC 324/101
VRC 330/333/130 Rc 314/313/101
RC 331/333/130
RC 332/333/130

RC 315/313/101

RC 126\

RC 316/313/101
RC 314/101
RC 315/101 \RC 117
RC 316/101 RC 121

TIM SIGNALS

x DESCRIPTION T/M CODE

] PRESSURE HELIUM TANK A CRO0O1P
2 PRESSURE HELIUM TANK B CRO002P
3 PRESSURE FUEL TANK A CRO005P
4 PRESSURE FUEL TANK B CROO06P
5 PRESSURE OXIDIZER TANK A CROO11P
6 PRESSURE OXIDIZER TANK B CROO12P
7 TEMPERATURE He TANK A CRO003T
8 TEMPERATURE He TANK B CRO004T

HELIUM
SYS A&B

HELIUM
SYSTEM "B"

INTERCONNECT §

FUEL SQUIB
BYPASS VALVE

PRESSURE

P

324/106
RC 314/313/106

RC 321

TRANSDUCER RC 314/313/105

— DIAPHRAGM
SYSTEM "A" FUEL TION

VALVE
_TO INJECTOR

, VALVES
iced RC 140RC 142RC 324/105 RC 330/334/127 PROPELLANT

RC 331/334/127 SHUTOFF
RC 315/313/105 pc 332/334/127 FUEL VALVES FUELRC 316/313/105 SQUIB
RC 314/105 INTERCONNECT
RC 315/105 VALVE
RC 316/105

SYSTEM "B" FUEL

~ RC 330/335/130
RC 331/335/130

=n RC 332/335/130
SYSTEM "A" OXIDIZER

TO INJECTOR
VALVES

, PROPELLANT
SHUTOFF VALVE
OXIDIZER

RC 330/335/127 OXIDIZER SQUIB

RC 315/313/106

RC 331/335/127
RC 332/335/127

RC 316/313/106 OVERBOARD «
RC 314/106
RC 315/106

OXIDIZER

OXIDIZER SQUIB
BYPASS VALVE RC 330/334/130

RC 331/334/130
RC 332/334/130

DUMP VALVE

VALVE

(2 PLACES)
f am  OXIDIZER SQUIB

31 INTERCONNECT

TO INJECTOR
VALVES

TO INJECTOR
VALVES

TEMP SENSORS AT
THRUST CHAMBERS

RC 110/111
RC 110/112
RC 110/113
RC 111
RC 112
RC 113

RC 323

C/M AND S/M INDICATORS
RC 201/ RC 226

RC 200
RC 225

RC 154
RC 154/155

RC 152
RC 152/153 ~—_

SMé6T-2-02
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HELIUM ISOLATION VALVE INDICATOR FAILS
1

S/M A #1
S/M B #1
S/M C #1
s/M D #1
C/M A
C/M B

HELIUM ISOLATION VALVE #2 INDICATOR FAILS
RC 001/011 2
RC 002/011
RC 001/012
RC 002/012 S/M AS/M BRC 001/013 TM C
RC 002/013 S/M D
RC 001/014
RC 002/014

RC 003,011
RC 004/011
RC 003/012 3
RC 004,012
RC 003/013 S/M A
RC 004/013 S/M B
RC 003/014 S/M C
RC 004/014 S/M D

C/M A
C/MB

aN
RC 005/014

| DN:  006/014

RC 006/013
RC 160
RC 160/161

RC 125 - C/M PRIM. HE PRESS. REGULATOR FAIL OPEN-C/M SYSTEM A.
RC 126 - C/M PRIM. HE PRESS. REGULATORS FAIL OPEN-C/M SYSTEM B,
RC 151 = C/M FUEL TANK PRESSURE METER FAILS OPEN.
RC 200 - S/M FUEL QUANTITY METER FAILS TO DECREASE ITS

READING WHEN S/M RCS IS USED. 8
RC 201 - S/M OXIDIZER QUANTITY METER FAILS TO DECREASE TINT:

ITS READING WHEN S/M RCS IS USED. RATE
RC 225 - S/M FUEL QUANTITY METER FAILS-NO INDICATION.
RC 226 - S/M OXIDIZER QUANTITY METER FAILS-NO INDICATION. a l  Vo
RC 320 - S/M-C/M PACKAGE TEMP METER FAILS OPEN. 4/7TH MAX
RC 321 - HELIUM STORAGE TANK PRESS. METER FAILS OPEN.
RC 323 ~ OXIDIZER & MANIFOLD PRESS. METER FAILS OPEN. NOTE:

Figure 2-41.

ON

RC 001/011
RC 001/012
RC 001/013
RC 001/014

RC 152
RC 154

ON

RC 003/011
RC 003/012
RC 003/013
RC 003/014

ON

RC 005/011
RC 005/012
RC 005/013
RC 005/014
RC 156
RC 160

7

SENSOR
OUTPUT

ZERO
1/7TH HIGH
2/7TH HIGH
4/7TH HIGH
1/7TH LOW
2/7TH LOW
4/7TH LOW

OFF

RC 002/011
RC 002/012
RC 002/013
RC 002/014

RC 153
RC 155

OFF

RC 004/011
RC 004/012
RC 004/013
RC 004/014

OFF

RC 006/011
RC 006/012
RC 006/013
RC 006/014

RC 157
RC 161

PROPELLANT ISOLATION VALVE POSITION IND. FAILS

CIM RCS SYSTEM A
He STORAGE
TANK PRESS.

SENSOR FAILS

RC 324/102
RC 314/313/102
RC 315/313/102
RC 316/313/102
RC 314/102
RC 315/102
RC 316/102

OXIDIZER TANK
PRESS. SENSOR

FAILS

RC 324/106
RC 314/313/106
RC 315/313/106
RC 316/313/106
RC 314/106
RC 315/106
RC 316/106

C/M RCS SYS A&B TEMP CONTROL
4

10°
15°
15°

INCREASE

RC 110/111
RC 110/112
RC 110/113

DECREASE

RC 1
RC 112
RC 113

THESE MALFS MAY BE COMBINED TO PROVIDE
A MAX OF 40° INCREASE OR DECREASE.

C/M A
C/M B

C/M He ISOLATION VALVES FAIL
5

C/M A

C/M B

CLOSED

RC 116

RC 117

C/M ISOLATION VALVES FAIL
FUEL OXIDIZER

OPEN | CLOSED | OPEN | CLOSED |

RC 142 RC 146 | RC 144
RC 143 RC 147 | RC 145

C/IM RCS SYSTEM B

He STORAGE FUEL TANK
TANK TEMP PRESS. SENSOR

SENSOR FAILS FAILS

RC 324/101 RC 324/105
RC 314/313/101
RC 315/313/101
RC 316/313/101
RC 314/101
RC 315/101
RC 316/101

RC 314/313/105
RC 315/313/105
RC 316/313/105
RC 314/105
RC 315/105
RC 316/105

NOTE: THESE MALFS MAY BE COMBINED TO PROVIDE A MAXIMUM OF 7/7TH HIGH OR LOW SENSING.

HELIUM STORAGE TANK LEAK
C/M BC/M A

RC 330/333/127
RC 331/333/127
RC 332/333/127

RC 330/333/130
RC 331/333/130
RC 332/333/130

C/M A

RC 330/334/127
RC 331/334/127
RC 332/334/127

FUEL TANK ULLAGE He LEAK
C/M B

THESE MALFS MAY BE COMBINED TO PROVIDE A 7/7 MAX. LEAKAGE.

C/M React ion  Control  System

RC 330/334/130
RC 331/334/130
RC 332/334/130

C/M A

RC 330/335/127
RC 331/335/127
RC 332/335/127

OX1D TANK ULLAGE He LEAK
C/M B

RC 330/335/130
RC 331/335/130
RC 331/335/130

SM-6T-2-02-312A

2 -97 /2 -98



HELIUM
ISOLATION
VALVES

RC 324/206
RC 314/313/206
RC 315/313/206
RC 316/313/206
RC 314/206 PRESSURE
RC 315/206 TRANSDUCER
RC 316/206

= ]  RC 324/213
/ RC 314/313/213

/ RC 315/313/213
| RC 316/313/213

S
—

——

RC 7 RC 314/213
RC 233 RC 315/213

\ RC 316/213

RC 330/333/207 ) !
RC 331,/333/207 —
RC 332/333/207

QUANTITY SENSOR
RADIATION BLANKET

RC 330/334/207
RC 331/334/207
RC 332/334/207

QUANTITY SENS
SCINTILLATOR RODS
TO COMPUTER

JRC 243/245/246
RC 243/246

11

[ PACKAGE
REGULATOR

RC 243/244/245/246
RC 243/244/246

TIM SIGNALS

x ]  DESCRIPTION

] PRESSURE HELIUM TANK A
PRESSURE HELIUM TANK B
PRESSURE HELIUM TANK C
PRESSURE HELIUM TANK D

2 QUANTITY FUEL TANK A, B, C, ORD

3 QUANTITY OXIDIZER TANK, A,B,C OR D

4 TEMP ENGINE PACKAGE Al
TEMP ENGINE PACKAGE Bi

TEMP ENGINE PACKAGE Cl
TEMP ENGINE PACKAGE D1

5 PRESSURE HELIUM MANIFOLD A
PRESSURE HELIUM MANIFOLD 8
PRESSURE HELIUM MANIFOLD C
PRESSURE HELIUM MANIFOLD D

T/M CODE

SR 5001P
SR 5002P
SR 5003p
SR 5004p

SR 5055Q

SR 5056QQ

SR 5065T
SR 50667
SR 50677
SR 5068T

SR 5729P
SR 5776P
SR 5817P
SR 5830P

[&)

NAN
=

RC 330/335/207
RC 331/335/207
RC 332/335/207

RC 324/223
RC 314/313/223
RC 315/313/223
RC 316/313/223
RC 314/223
RC 315/223
RC 316/223

RC 202
RC 253

PROPELLANT
SHUTOFF
VALVES

OXIDIZER
VALVE

TE]

"RC 324/220
RC 314/313/220
RC 315/313/220
RC 316/313/220
RC 314/220
RC 315/220
RC 316/220

O T/M POINTS

SMé6T-2-02
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Figure 2-42. S/M React ion  Contro l  System

9 ISOLATION VALVE FAILURES

RCS HELIUM FUEL OXIDIZERoS  14 | SIM RCS SYSTEM A, B, C, & D CONTROL TEMP
BOTH OPEN |BOTH CLOSED| OPEN CLOSED | OPEN CLOSED

S/M A RC 233 RC 237 RC 202 RC 253 RC 263 RC 257 aE  Re Sd
S/M B RC 234 RC 240 RC 203 RC 254 RC 264 RC 260
S/MC RC 235 RC 241 RC 204 RC 255 RC 265 RC 261
S/M D RC 236 RC 242 RC 205 RC 256 RC 266 RC 262

THESE MALF MAY BE COMBINED TO PROVIDE

10 PRESSURE REGULATOR FAILURES A MAX, OF 30° INCREASE

RCS PRIMARY SERIES REGULATOR REDUNDANT SERIES REGULATOR

SYSTEM FULL OPEN CLOSED FULL OPEN CLOSED

S/M A | RC 243/244/245/246 | RC 243/244/246 RC 243/245/246 RC 243/246
S/M B RC 243/244/245/247 | RC 243/244/247 RC 243/245/247 RC 243/247
S/M C | RC 243/244/245/250 | RC 243/244/250 RC 243/245/250 RC 243/250
S/M D | RC 243/244/245/251 | RC 243/244/251 RC 243/245/251 RC 243/25]

11 LEAKAGE | s/m res sys a | s/m res sys B | s/m Res sys ¢ | s/m Res sys D 15 FUEL QUANTITY SENSOR FAILURES
SENSOR OUTPUT $/C RCS SYS C §/M RCS SYS D

STORAGE | 177TH MAX| RC 330/333/207 | RC 330/333/211 | RC 330/333/212 | RC 330/333/214 / /
2/7TH MAX | RC 331/333/207 | RC 331/333/211 | RC 331/333/212 | RC 331/333/214Lu TANK ZERO RC 324/220 RC 324/224/7TH MAX | RC 332/333/207 | RC 331/333/211 | RC 332/333/212 | RC 332/333/214 |

= 771 2/33%/ /33%/ /33%/ 2/35 1/7TH HIGH RC 314/313/220 RC 314/313/22]
=| FUEL [17TH MAX| RC 330/334/207 | RC 330/334/211 | RC 330/334/212 | RC 330/334/214 2/7TH HIGH RC 315/313/220 | RC 315/313/221wi | TANK |2/7TH max | RC 331/334/207 | RC 331/334/211 | RC 331/334/212 | RC 331/334/214 4/7TH HIGH RC 316/313/220 | RC 316/313/221= | ULLAGE |4/7TH MAX | RC 332/334/207 | RC 332/334/211 | RC 332/334/212 | RC 332/334/214 1/7TH LOW RC 314/220 RC 314/221
= 2/7TH LOW RC 315/220 RC 315/221
= | ox ip i ze r  [17TH MAX | RC 330/335/207 | RC 330/335/211 | RC 330/335/212 | RC 330/335/214 4/7TH LOW RC 316/220 RC 316/221
bd TANK 2/7TH MAX RC 331/335/207 RC 331/335/211 | RC 331/335/212 | RC 331/335/214

ULLAGE |4/7TH MAX| RC 332/335/207 | RC 332/335/211 | RC 332/335/212 | RC 332/335/214 —
(SEE NOTE)

(SEE NOTE)
TRANSDUCER
LOCATIONS ~.__

RC 230/231
/ 

SEE NOTE

-Y ON 5YS5 B SENSOR S/M RCS SYSTEM A S/M RCS SYSTEM B
-PON SYS C A
+Y ON SYS D OUTPUT | ox1DIZER QUANTITY | He RESERVOIR PRESS.| OXIDIZER QUANTITY] He RESERVOIR PRESS.

ZERO RC 324/223 RC 324/206 RC 324/224 RC 324/210 | . | |

1/7TH HIGH] RC 314/313/223 RC 314/313/206 RC 314/313/224 RC 314/313/210 NOTE: Co MAY BE
2/7TH HIGH| RC 315/313/223 RC 315/313/206 RC 315/313/224 RC 315/313/210 COMBINED TO PROVIDE ANY
4/7TH HIGH| RC 316/313/223 RC 316/313/206 RC 316/313/224 RC 316/313/210 LEAKAGE RATE OR SENSOR
1/7TH LOW | RC 314/223 RC 314/206 RC 314/224 RC 314/210 OUTPUT FROM 1/7 TO 7/7 IN
2/7TH LOW | RC 315/223 RC 315/206 RC 315/224 RC 315/210 INCREMENTS OF 1/7.
4/7TH LOW | RC 316/223 RC 316/206 RC 316/224 RC 316/210

13 SENSOR FAILURES (SEE NOTE)

SENSOR S/M RCS SYSTEM B s/M RCS SYSTEM D

OUTPUT He MANIFOLD PRESS He MANIFOLD PRESS

ZERO RC 324/213 RC 324/215
1/7TH HIGH RC 314/313/213 RC 314/313/215
2/7TH HIGH RC 315/313/213 RC 315/313/215
4/7TH HIGH RC 316/313/213 RC 316/313/215
1/7TH LOW RC 314/213 RC 314/215
2/7TH LOW RC 315/213 RC 315/215 oo

4/7TH LOW RC 316/213 RC 316/215 SM=6T-2-02-313A

2 -99 /2 -100



SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

® CREW He SOL VALVE COMM
MAIN PROP §.O.

INPUTS VALVE COMM >

( RCS SQUIB VALVE POS
THRUST AVA

C/M - 5/M MOTOR SW MAX THRUST AVAIL _ 5 (scs)

SCG |

INPUTS | AUTO OX DUMP RELAY J /M

FUEL DUMP ACTIVATE -»> THRUST
lL ENERGY RECVD FROM Y » (EOM)

srs INPUTS SUN. EARTH & MOON
SUN TO EARTH

EPH INPUTS RESE POSITION —
| 

THRUST RATIO COMM
SCS INPUTS

% A
0

A L wv w
al 2 & 2% =

a
04g] £| «| = = 3 wu
o r l  « |  ofl Yu oo EI 2
o x Z > — << X -
x ag  & oy pV Z
oO. Ww —- wy Ps [.%4

o <<] oy  o hr ° oO 8)
i g “ 1  I r  [TH I a oc

\

INDICATORS & DISPLAYS

SCM SW POS 
> (1058 5CM)

> T/M SIGNALS
crew | G&N MARK SW > > (T/M)

nets] C/M PROP TANK PRESS.

® +» S/MREG OUT. PRESS.

~ C/B POSITIONS > 
po

Eps | PWRAVAILTOBUSA &B RCS INTEGRATION S/M ENG MOUNT. TEMP

INPUTS | &RCS SENSORS > AND >

ns  sEP INDICATOR DRIVE S/M PROP. UNBALANCE _

sce | ICURRENT CONSUMPTION, ES)
INPUTS C/M-5/M MOTOR SW INST NAY SIGHTING. ©

ENERGY RECVD FROM : TIME & PROP. DISPLAYS o (en)

sks INpurs SEL  ERITH, SMOOH_y  THRUST AVAILABLE (cy
OPTICS HAND CONT POS >TA TOD

G&N INPUTS STG EARTH RESPECT. MAX THRUST AVAIL (C9)

EPH INPUTS FRSITION
1 1 1 :  A I 'Y

=
| (7,

0 z el 3
oul Z 2 ~ I I .
rd Ln » wl ZF

~ql 5 [ 2g  x | x8 ¢ 3 2o ld  [<2] 0 ,0  | ¥ <
cy l  2 l as  =| S| 49 ©
33 93 25 23 23  | 3 go25] 4 2o|l 24% 22 =|  £ 2 &

| 

\
He SOL VALVE COMM y

i s  MAIN PROP 5.0. " MAX THRUST AVAIL 529
VALVE COMM . —>

scs INpuTs THRUST RATIO COMM S/M

C/M - S/M SEP RCS
SCG > THRUST > (EOM)
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IOS. Inputs f rom the SCS simulation p rograms control  se lect ion and f ir ing
t ime for each reac t i on  je t .  Integrat ion of the f i r ing t ime of each sys tem

computes  p rope l lan ts  remaining for  d i sp lay  in  the SCM and at the IOS and fo r

use i n  o ther  computations.

If malfunct ions are  i nse r ted  to cause the p ressu re  or  temperature  in

any RCS sys tem to go out of to le rance,  a warning indicator  will illuminate

on SCM panel 10 and at the IOS. These warning indicat ions occur in the
C&W system as a resu l t  of s ignals out of the RCS integrat ion and indicator
dr ive b lock .  For  further c lar i f icat ion on which malfunction has occu r red ,

the crew must analyze the indicat ions available at SCM panel 12. Helium
and p rope l lan t  p ressu res  are affected by c rew  opera t ion  of the hel ium so le -

noid and main prope l lan t  shutoff va l ves .  Sequencer inputs commanding

C/M system act ivat ion,  ox id izer  dump and fuel dump also affect the CM RCS
simulated p ressu re .  Inputs f rom the ephemer i s  p rog ram and the space

radiator  sys tem p rog ram determine the temperature of each RCS sys tem.

These  inputs indicate the amount o f  heat  which wi l l  be ga ined  by  each RCS

sys tem caused  by  l ight radiat ion f rom the sun and /o r  the ear th .

Wher. operated  by the c rew,  each of the helium iso la t ion  valves (eight
in  the S /M  and two in  the C /M)  and each of the propel lant  i so la t ion  va lves

(four in  the S /M and two in  the C /M)  cause the commanded function to be

simulated in the C /M RCS or S/M RCS b lock .  Signals are fed through the
RCS integrat ion and indicator  dr ive  b lock  act ivat ing ta lk-back ind icators  in

the SCM and at the IOS. This p rov ides  the crew (and the ins t ructor )  with
v isua l  indicat ions of the simulated pos i t i on  of each valve.

SERVICE PROPULSION SYSTEM,

The SPS p rov ides  the th rus t  requ i red  for al l  major,  veloci ty changes

after separa t ion  f rom the launch veh i c l e .  Such changes include planar

changes ,  orbi ta l  alt i tude changes ,  and re t rog rade  f rom earth o rb i t ,  The

SPS cons is ts  of a rocke t  engine, a propel lant  s torage system and d ist r ibu-
t ion network,  and a p rope l lan t  ut i l izat ion cont ro l  sys tem.  F igure 2 -44  is a
b lock  d iagram of the SPS in AF  012. Th is  d iagram inc ludes simulated

te lemetry  points and malfunctions available in the AMS,

SERVICE PROPULSION SYSTEM CONFIGURATION REFERENCE,

The SPS programed  in the AMS accurately s imulates the SPS in
AF 012 at the t ime this handbook is being p repared .

SERVICE PROPULSION SYSTEM SIMULATION.

The SPS simulat ion is accomp l i shed  by  means  of component function

s imulat ion,  rather  than the cause and ef fect  s imulat ion.  Th i s  pe rm i t s  the

combining or compounding of mul t ip le malfunct ions within a g iven sub-

sys tem.  The SPS simulat ion is d iv ided into two sec t i ons .  The dynamic
simulat ion sec t i on  s imulates propel lant  and hel ium masses ,  flows, f low
ra tes ,  etc. The propel lant  uti l ization sect ion s imulates control  of the
propel lant  burn ra te .



TELEMETRY POINTS
SIGNAL DESCRIPTION

PRESSURE HELIUM TANKS

TEMPERATURE HELIUM TANKS

PRESSURE OXIDIZER TANKS

PRESSURE FUEL TANKS

PRESSURE MAIN VALVE ENGINE OXID INLET

PRESSURE MAIN VALVE ENGINE FUEL INLET

TEMPERATURE THRUST CHAMBER OUTER SKIN

POSITION FUEL/OXIDIZER VALVE 1

POSITION FUEL/OXIDIZER VALVE 2

POSITION FUEL/OXIDIZER VALVE 3

POSITION FUEL/OXIDIZER VALVE 4

TEMPERATURE ENGINE FUEL FEED LINE

TEMPERATURE ENGINE OXID FEED LINE

TEMPERATURE NOZZLE OUTER SKIN 1

ENGINE VALVE ACT. SYSTEM PRIM. TANK PRESS.

ENGINE VALVE ACT. SYSTEM SEC TANK PRESS.

QUANTITY SPS OXID STORAGE TANK - (TOTAL AUX)

QUANTITY SPS OXID SUMP TANK

QUANTITY SPS FUEL STORAGE TANK - (TOTAL AUX)

QUANTITY SPS FUEL SUMP TANK

PRESSURE ENGINE CHAMBER

T/M CODE

SP0O001P

SPO0O2T

SPOOO3P

SPO0O06P

SPO009P

SPOOTOP

SPO020T

SP0022H

SPO023H

SPO024H

SPO025H

SP0042T

SPO043T

SPOO50T

SPO&00P

SP0601P

SP0655Q

SP0656Q

SP0657Q

SP0658Q

SPO6S1P

MALIF.
NO.

SP-001

SP-002

SP-003

SP-004

SP-005

SP-006

SP-007

SP-010

SP-011

SP-012

SP-013

SP-014

SP-015

SP-020

SP-021

SP-022

$P-023

SP-024

SP-025

SP-026

SP-027

SP-030

SP-031

SP-032

SP-033

SP-034

SP-035

SP-036

SP-037

SP-040

SP-041

SPS MALFUNCTIONS
MALFUNCTION DESCRIPTION

HELIUM TANK LEAKAGE, 1/7 MAX. RATE

HELIUM TANK LEAKAGE, 2/7 MAX. RATE

HELIUM TANK LEAKAGE, 4/7 MAX. RATE

HELIUM ISOLATION VALVE A FAILS
OPEN/CLOSED

HELIUM ISOLATION VALVE B FAILS
OPEN/CLOSED

HELIUM REGULATOR A FAILS CLOSED

HELIUM REGULATOR A, PRIMARY SECTION,
FAILS OPEN

HELIUM REGULATOR B FAILS CLOSED

HELIUM REGULATOR B, PRIMARY SECTION,
FAILS OPEN

HELIUM ISOLATION VALVE A POSITION
INDICATOR FAILS INDICATING CLOSED

HELIUM ISOLATION VALVE 8 POSITION
INDICATOR FAILS INDICATING CLOSED

HELIUM TANK PRESSURE INDICATOR FAILURE

HELIUM TANK TEMPERATURE INDICATOR FAILURE
AT 100° C

OXIDIZER ULLAGE PRESSURE INDICATOR
FAILURE

FUEL ULLAGE PRESSURE INDICATOR FAILURE

OXIDIZER SYSTEM HELIUM LEAKAGE, 1/7
MAX. RATE

OXIDIZER SYSTEM HELIUM LEAKAGE, 2/7
MAX. RATE

OXIDIZER SYSTEM HELIUM LEAKAGE, 4/7
MAX. RATE

OXIDIZER SYSTEM OXIDIZER LEAKAGE,
1/7 MAX, RATE

OXIDIZER SYSTEM OXIDIZER LEAKAGE,
2/7 MAX. RATE

OXIDIZER SYSTEM OXIDIZER LEAKAGE,
4/7 MAX, RATE

FUEL SYSTEM HELIUM LEAKAGE, 1/7 MAX,
RATE

FUEL SYSTEM HELIUM LEAKAGE, 2/7 MAX,
RATE

FUEL SYSTEM HELIUM LEAKAGE, 4/7 MAX.
RATE

FUEL SYSTEM FUEL LEAKAGE, 1/7 MAX, RATE

FUEL SYSTEM FUEL LEAKAGE, 2/7 MAX. RATE

FUEL SYSTEM FUEL LEAKAGE, 4/7 MAX. RATE

ENGINE INJECTOR VALVE #1 FAILED OPEN/CLOSED

ENGINE INJECTOR VALVE #2 FAILED OPEN/CLOSED

ENGINE INJECTOR VALVE #3 FAILED OPEN/CLOSED

ENGINE INJECTOR VALVE #4 FAILED OPEN/CLOSED

MALF.
NO.

SP-042

SP-043

SP-044

SP-045

SP-046

SP-047

SP-050

SP-051

SP-052

SP-053

SP-054

SP-055

5P-056

SP-057

SP-060

SP-061

SP-062

SP-063

SP-064

SP=065

SP-066

SP-067

SP-070

SP-071

SP-072

SP=073

SP-074

SP-075

SP-076

SP-077

SP-100

MALFUNCTION DESCRIPTION

ENGINE INJECTOR VALVE POSITION INDICATORh
FAILS CLOSED WHILE ENGINE FIRING

ENGINE INJECTOR VALVE POSITION INDICATOR #2
FAILS OPEN WHILE ENGINE OFF

ENGINE INJECTOR VALVE POSITION INDICATOR #3
FAILS OPEN ONE THIRD

ENGINE INJECTOR VALVE POSITION INDICATOR #4
FAILS OPEN TWO THIRDS

PU PRIMARY VALVE FAILS - PRES POS

PU SECONDARY VALVE FAILS = PRES POS

PU VALVE POSITION INDICATOR FAILS IN
PRESENT POSITION

PU VALVE POSITION INDICATOR FAILS, SLEWS
TO MAX. ORIFICE

PU VALVE POSITION INDICATOR FAILS, SLEWS
TO MIN. ORIFICE

HELIUM TANK PRESSURE SENSOR FAILS TO ZERO

OXIDIZER ULLAGE PRESSURE SENSOR FAILS TO ZERO

ENGINE INLET FUEL PRESSURE INDICATOR FAILS TO ZERO

ENGINE INLET OXIDIZER PRESSURE INDICATOR FAILS
TO ZERO

FUEL STORAGE TANK SENSOR FAIL (PU PRIMARY)

OXIDIZER SUMP TANK SENSOR FAIL
(PU PRIMARY)

FUEL FLOW RATE INTEGRATOR FAIL (PU
AUXILIARY)

OXIDIZER POINT SENSOR UPDATE FAIL (PU AUXILIARY)

PU FUEL QUANT IND READS MAX.

PU FUEL QUANT IND READS MIN

OXIDIZER QUANTITY INDICATOR (PU) READS MAX,

OXIDIZER QUANTITY INDICATOR (PU) READS MIN,

PU UNBALANCE INDICATOR READS MAX, INCREASE

PU UNBALANCE INDICATOR READS MAX, DECREASE

SPS ENGINE SKIN BREAKUP (TEMP RISE)

OXIDIZER STORAGE TANK SENSOR FAILS - MAX, (PU
PRIMARY)

FUEL POINT SENSOR FAILS (PU AUXILIARY)

OXIDIZER NORMAL FLOW RATE INTEGRATOR FAILS (PU
AUXILIARY SENSING)

PU UNBALANCE INDICATOR SLEWS TO ZERO

PU FAULT DETECTION SYSTEM #1 FAILS

PU FAULT DETECTION SYSTEM #2 FAILS

FUEL SUMP TANK SENSOR FAILS- MAX,
(PU PRIMARY)

050

052

CONTROL
UNIT

SPS PROPELLANT
UTILIZATION

&
GAUGING
SUBSYSTEM

(PUGS)

061 076
ge2 077

020
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@ 2 .10 .2 .1  Service Propu ls ion  System Thermodynamic Simulation.

The fol lowing pa rag raphs  desc r i be  the SPS thermodynamics simulat ion
as dep ic ted  in f igure  2 -45 ,

The hel ium rese rvo i r  b lock  computes the cha rac te r i s t i c s  of the helium
in the s to rage  tanks .  The equat ions maintain the tempera tu re ,  pressure,
and mass  re la t ionsh ips  of the hel ium and accounts  for  the compress ib i l i t y
factor of the gas at h igh p ressu res .  The mass  of helium remaining in  the
s to rage  tanks is  determined by in tegrat ing the helium mass  with the hel ium
mass  flow rate t imes  time. The hel ium tempera tu re  is computed as a
function of mass  f low ra te  out of the sys tem and rad ia ted  and conducted
heat  t r ans fe r red  into the sys tem.  Rese rvo i r  p ressu re  is determined by
temperature, s t o rage  tank vo lume,  he l ium mass ,  and seve ra l  gas com-
p ress ib i l i t y  cons tan ts .  Hel ium mass  flow ra tes  and hel ium tempera tu re
f low ra tes  a re  funct ions  o f  r ese rvo i r  mass ,  p ressu re ,  and t empera tu re .

The set of equations used to simulate the hel ium regulator  is the most
cr i t i ca l  set in  the SPS f rom a stabi l i ty and accu racy  aspec t .  In  so lv ing
these equat ions,  the computer  uses prope l lant  tank p ressu re  predictors.
Computat ions are made tw ice  each i te ra t ion  pe r i od  to assu re  maximum
stabi l i ty .  The hel ium regulator  output p ressu res  vary  d i rect ly  as a
function of ups t ream p ressu re  and i nve rse l y  as a function of hel ium mass
flow rate through the regulators.

Rel ie f  valve and heat exchanger equations are combined because of
the i r  common te rms  and because  of the i r  phys ica l  l oca t ion  in the actual
sys tem.  The re l i e f  va lves  p rov ide  the p rope l lan t  tanks with p ro tec t ion
aga ins t  ove rp ressu re .  The re l ie f  valve equations are used  to calculate
s imulated valve opera t ion  and amount of hel ium flow through them. The
heat  exchanger  equat ions in the group are used to s imulate the tempera ture
change in  the hel ium as i t  f lows to the propel lant  tanks.  The tempera tu re
of the p rope l l an t s ,  and the he l ium,  and the hel ium flow rate are al l  con -
s i de red  in  these ca lcu la t ions ,

The hel ium iso la t ion  va l ves  and regu la tor  opera t ion  b lock  compute
the he l ium flow through the r egu la to r s .  Through the use of malfunctions,
these equat ions w i l l  de te rmine  that both regu la to r  b ranches  are  functioning
p rope r l y ,  one regu la to r  branch is funct ioning p rope r l y ,  one or both b ranches
have malfunctioning pr imary regu la to rs ,  or no hel ium is f lowing through
the regu la tors  (due ei ther to regula tor  malfunction or to c losure  of iso la t ion
valves).

The p rope l lan t  tank b lock  compu tes  the ef fect  of r es i s t ance  to p rope l -
lant flow within the tanks and the propel lant  remaining in each tank. As the
quantity of fuel and ox id izer  in the storage tanks decreases,  propel lant  flow
r es i s t ance  a lso  dec reases  because  of the empty ing of the stand p ipe between
the s to rage  and sump tanks .  This causes  the thrust  of the engine to i nc rease
during the la t ter  pa r t  of the m i ss i on ,  both i n  the simulator and i n  the actual
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sys tem.  Propel lant  quanti t ies remain ing are obtained by integrat ion of

propel lant  flows. The quantity of p rope l lan ts  in the sump tanks are assumed

to remain  at the init ial loaded l eve l  until the s to rage  tanks are  emptied.

The prope l lant  tank ul lage equat ions determine the s imulated cha rac -

t e r i s t i c s  of the p ressu r i z i ng  gases in  the propel lant  tanks .  The ox id izer

vapor  par t ia l  p ressu re  is taken into account in  the s imulat ion of the ox id i ze r

tank ul lage p ressu re  due to i t s  vary ing ef fect  on the overa l l  tank p ressu re  at

different t empe ra tu res .  Since fuel vapor  par t ia l  p ressu re  is small and

changes only s l ight ly ove r  the sys tem tempera tu re  range ,  it is not cons ide red

in the equat ions .  These  equat ions a lso a l low the computer  to keep t rack  of

the amount of hel ium or  u l lage in each prope l lan t  tank, the tempera tu re  and

rate of temperature change of the u l lage ,  and the f low rate of hel ium into

each propel lant  tank. Leak rates in the propel lant  tanks are also computed
by these  equations.

The pu rpose  of the engine cont ro l  set of equations is to compute the

in te r re la t ion  of p rope l lan t  flow, chamber p ressu re ,  mixture ra t io ,  and

output th rus t  of the SPS eng ine .  Since the t e rms  of these equat ions are

in ter re la ted,  an ini t ial  value mus t  be app l ied  to one of the va r i ab les  when

the engine is  turned on. Th rus t  chamber p ressu re  is  se lec ted  fo r  th is  t e rm

and is  in i t ia l i zed at 103 ps ia .  Engine star t ing and s topp ing  t rans ien ts  are

simulated by ut i l iz ing the ENGINE ON and ENGINE OFF c l ocks .  Thrus t

chamber p ressu re  is  cons ide red  constant  un less  a l te red  by s imulated

malfunction. This p ressu re  is fed to the flight combust ion stabil i ty monitor
in  the SCM and i ts  r epea te r  at the IOS. I f  a malfunction is in t roduced to

cause the th rus t  chamber p ressu re  to be out of t o l e rance ,  a shutdown of

the SPS wi l l  be s imula ted.  A l so  inc luded under th is  b lock  are the computa-

t ions  of N ,  mass ,  t empera tu re ,  and f low. Th is  is  the N ;  supply used by

the SPS in pos i t ion ing  the main propel lant  va l ves .

The readout equations simulate the charac te r i s t i cs  of the SPS sensors
and i nd i ca to rs .  The readout equat ions a lso simulate the ef fects  of the va r ious

senso r  and indicator  mal funct ions.

Propel lant  Ut i l izat ion Subsystem (PUS).

The fol lowing equat ions s imulate the propel lant  u t i l i za t ion sys tems

(PUS) in the SPS. Reference may be made to f igure 2-46, a b lock diagram
of the PUS simulation. |

Through use of the power -ava i lab le  equat ions,  the s imulated PUS

determines if a-c and d-c bus power  is avai lable for normal operat ing
mode or tes t  mode.  To accomp l i sh  t h i s ,  the sys tem uses inputs f rom the

SCS, SPS, and EPS equat ions and the PUS sw i t ches .  Ana lys i s  of the switch

pos i t i ons  and p roduc ts  of the power -ava i lab le  equat ions de te rmine  the

sys tem mode .  Simulated cu r ren t  d ra in  is de r i ved  f rom the a -c  and d -c  bus

power  avai lable and the sys tem mode .  The remain ing equat ions in  th i s

g roup  wi l l  enable the s imulated PUS senso rs  f rom the eng ine -on  command

and, after a t ime delay of 4.5 seconds, the PUS displays.
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The propel lant  ut i l izat ion valve equat ions,  which are computed only

dur ing eng ine -on  pe r i ods ,  use inputs f rom MIU and PUS sw i t ches :  The PU
valve pos i t ion  and severa l  flow constants are ascer ta ined and used to compute
the PU valve flow res i s tance .  The PU valve pos i t ion  indicat ions are prov ided
to the C /M  and the I0S.  The PU  flow res i s tance  is used i n  the SPS equat ions

to determine the amount of ox id i ze r  used .  Two equat ions in  th is g roup  are

used  to i nse r t  malfunctions into the s imulated valve opera t ion .  One is  used

to malfunction the p r imary  sys tem,  and the other to malfunction the secondary

sys tem.

The PUS propel lant  quantity sens ing  equat ions use input information

from the M IUs ,  the PUS sw i t ches ,  and the SPS equat ions.  These  equations are

computed only dur ing eng ine -on  pe r i ods  or when a tes t  mode is ac t i va ted .

They compute the weight of fuel and ox id izer  remaining in each of the four
propel lant  tanks.  When the secondary  sens ing  sys tem is se lec ted  to p rov ide

prope l lant  quantity outputs ,  two of the p r imary  sys tem outputs wi l l  maintain

their p resent  output and will be disconnected f rom the C /M indicators while
the other  two wil l  beg in  to t ransmi t  the seconda ry  sens ing  sys tem outputs.

This  a l lows the secondary  sys tem to take over  cont ro l  of the C /M  ind ica to rs .

The spec i f ic  vol tages sent to the C /M fuel quantity, ox id izer  quantity, and
unbalance ind ica to rs  are de te rmined  through th ree  o the r  equations.

The PUS caut ion and warning equat ions use inputs f rom the MIU and

PUS senso r  equat ions and the PUS sw i t ches .  These  equat ions wil l  compute

a fue l -ox id ize r  ra t io  unbalance as determined by the p r imary  or auxi l iary

quantity sens ing  sys tem.  The fuel and ox id izer  quant i t ies sensed  by  the

p r imary  and seconda ry  quantity sens ing  sys tem are then compared .  If  the

sensed  d i f fe rence in  quantity exceeds  spec i f i ed  l im i t s ,  a malfunct ion wi l l

be ind icated.  I f  any of the above equat ions sense an ou t -o f - to le rance condi-

t ion,  the PUS caut ion-warn ing equation wi l l  act ivate the caution-warning
indicator  i n  the C/M.,

ELECTRICAL POWER SYSTEM.

The EPS suppl ies and contro ls  all electrical power to the spacecraft
systems during the m iss i on .  The EPS cons is ts  of fuel ce l l s ,  a-c and d-c
busses,  and assoc iated con t ro ls .  For purposes of simulat ion, the EPS is
div ided into fuel ce l l  thermodynamics, d -c  bus sec t i on ,  EPS l og i c ,  and

EPS d i sp lays .  A l so  inc luded in th is  sec t i on  are the c ryogen ics  s to rage

sys tem and the space rad ia to rs  sys tem.  These  sys tems  are  common to

both the EPS and the ECS,  F i gu res  2 -47 ,  2 -48 ,  and 2-49 are d iag rams of

the SC 012 fuel ce l l s ,  EPS busses and con t ro l s ,  and the cryogenics  sys tem,
r espec t i ve l y .  No drawing is included for  the space rad iator  sys tem due to

i ts  s imp l i c i t y .  These  d iag rams include s imulated te lemetry  points and

malfunct ions avai lable in the AMS,

EPS CONFIGURATION REFERENCE, 1

The EPS simulated in the AMS is an accurate simulation of the EPS f
planned for AF  012 at the t ime this handbook was be ing prepared.
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2 .11 .2  ELECTRICAL POWER SYSTEM SIMULATION.

Simulation of the spacecraf t  EPS in the AMS is a lmost ent i rely accom-
pl ished  by computer sof tware.  Only spacecraf t  cont ro ls  and d isp lays are
physical ly and functionally rep resen ted  in the AMS, The interact ion  between
EPS cont ro ls  and d isp lays  and the e f fec ts  of operat ion of o ther  sys tems  on
EPS status are  accompl ished  by a cause and effect s imulat ion of the EPS
and i ts  interface with o ther  spacecra f t  sys tem simulat ion.  None of the
sys tem simulation i n  the AMS actual ly de r i ves  sou rce  power  f rom the EPS

simulat ion.

2 .11 ,2 .1  Cryogenics Storage Simulation.

The computer  p rog ram computes the state of the oxygen and hydrogen
in the c ryogen ics  tanks at al l  t imes between launch minus 60 seconds and
C/M-S /M separa t ion .  The p rog ram computes al l  funct ions occur r ing  within
the se rv i ce  module per ta in ing to the c r yogen i cs  sys tem and p rov ides  outputs
to dr ive co r respond ing  SCM ind ica to rs  and te lemetered  func t ions .  All  indi-
ca to rs  within the command module are  dupl icated on the ins t ruc tor  console.

The computer p rog ram for the c ryogen ics  sys tem reads  inputs f rom
the ECS and EPS por t ions  of the p rogram and, in  addit ion, al l  re la ted SCM
switch functions,

F igu res  2-50  and 2-51 are b lock  d iag rams of the CSS oxygen s to rage
and hydrogen s to rage  simulat ions mechanized in the AMS. ‘Crew inputs to
the AMS c ryogen ics  s to rage  sys tem (CSS) include oxygen and hydrogen tanks
1 and 2 fan and heater  mode swi tch pos i t i ons .  Inputs f rom other  po r t i ons
of the EPS simulat ion include a-c  and d -c  power  and power  avai lable,  c i r -
cuit b reaker  pos i t i ons ,  oxygen flow rate demand, and hydrogen flow rate
demand. The ECS simulat ion supp l i es  C /M  oxygen manifold p ressu re  and
oxygen manifold iso la t ion  valve status to the oxygen s to rage  subsys tem
program,

The computer reads  the C /M  switch pos i t i ons  and ECS and fuel ce l l
c ryogen ics  requ i rements .  Through in tegrat ion of the f low requ i rements
aga ins t  the quantity of oxygen and hydrogen remain ing,  the total weight  of
the c r yogen i cs  is  maintained and sent to IOS, te lemetry ,  and the AMS
command module .  Us ing  a se r i es  of constants  and t iming funct ions,  t empera -
ture ,  p ressu re ,  and heater  cur ren ts  are calculated for each hydrogen and
oxygen tank,

2 .11 ,2 ,2  Fuel Cel l  Thermodynamics Simulation.

Simulation of the fuel cel l  thermodynamics is manifested to the crew in
form of Hy; and O ,  flows, module sk in temperatures, and condenser  exhaust
temperature  d i sp lays .  Mechanical flags also indicate O, ,  H ; ,  and N j
regu la tor  p ressu res  above an uppe r  t o le rance ,  F /C  radiator  tempera ture
below to le rance,  and output water pH factor above 9. These character is t ics
are separa te ly  computed for each fuel ce l l  and fed to the CWS where  they

2 -110



F/C1,

F/C1,

F/C 1,

F/C1,

F/C1,

F/C 1,

F/C1,

F/C1,

F/C1,

F/C1,

FUEL CELL TELEMETRY POINTS

SIGNAL DESCRIPTION

2, AND 3 SHUT OFF MONITOR

2, AND 3 0 ,  REGULATED PRESSURE

2, AND 3 Hp REGULATED PRESSURE

2, AND 3 Ng REGULATED PRESSURE

2, AND 3 RADIATOR OUTLET TEMPERATURE

2, AND 3 WATER pH FACTOR

2, AND 3 MODULE SKIN TEMPERATURE

2, AND 3 Ho FLOW RATE

|
|
|
|

|
|
|
|

2, AND 3 CONDENSER EXHAUST TEMPERATURE

T/M
CODE

SC2323X
SC2324X
SC2325X

SC2066P
SC2067P
SC2068P

SC2069P
SC2070P
SC2071P

SC2060°P
SC2061P
$C2062P

SC2142R
SC2143R
SC2144R

SC2087T
SC2088T
SC2089T

SC2160Z
SC2161Z
SC2162Z

SC2084T
SC2085T
SC2086T

SC213%9R
SC2140R
SC2141R

SC2081T
SC2082T
SC2083T
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Figure 2-47. Fuel Cell  Subsystem
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EPS MALFUNCTIONS
MALFUNCTION DESCRIPTION

INVERTER NO. 1 MOTOR SWITCH FAILS OFF
INVERTER NO. 3 MOTOR SWITCH FAILS OFF
INVERTER NO. 1 TO BUS 1 MOTOR SWITCH FAILS OFF
INVERTER NO. 3 TO BUS 2 MOTOR SWITCH FAILS OFF
INVERTER NO. 1 SMOKE
INVERTER NO. 1 INTERNAL OSCILLATOR FAILS
INVERTER NO. 2 VOLTAGE HIGH
INVERTER NO. 3 VOLTAGE LOW
AC BUS 2 OVERLOAD
BATTERY CHARGER FAILS
INVERTER NO. 2 FREQUENCY LOW
INVERTER NO. 3 FREQUENCY HIGH
PYRO BATTERY A FAILS
PYRO BATTERY B FAILS
DC BUS A OVERLOAD
DC BUS B OVERLOAD
BATTERY BUS A OVERLOAD
BATTERY BUS B OVERLOAD
POST LANDING BUS OVERLOAD
BATTERY RELAY BUS OVERLOAD
AC VOLTMETER-OPEN COIL
AC FREQUENCY METER-OPEN COIL
DC VOLTMETER-OPEN COIL
DC VOLTMETER-READS 25% LOW
DC AMMETER-OPEN COIL
NON-ESSENTIAL BUS FAILS
BUS A UNDERVOLTAGE SENSOR INOPERATIVE
AC BUS 1 UNDERVOLTAGE-ERRONEOUS INDICATION
BUS B RESET SWITCH FAILS IN ON POSITION
BUS B UNDERVOLTAGE-ERRONEQUS INDICATION
AC BUS | OVERVOLTAGE-ERRONEQUS INDICATION
AC BUS 2 U/V, O/V, O/L SENSOR INOPERATIVE
INVERTER NO. 1 FAILS
F/C 1 TO BUS A MTR SW FAILS IN PRESENT POSITION
F/C 1 TO BUS B MTR SW FAILS IN PRESENT POSITION
F/C 2 TO BUS A ERRONEQUS DISCONNECT
F/C 2 TO BUS B ERRONEOUS DISCONNECT

EPS TELEMETRY POINTS

Figure 2-48. EPS Block D iagram

SIGNAL DESCRIPTION T/M CODE

TEMPERATURE STATIC INVERTER 1, 2, AND 3 CC0175T
CCO176T
CCO177T

TEMPERATURE BATTERY CASE A AND B CCo178T
CCO179T

PRESSURE BATTERY COMPARTMENT (MANIFOLD) CCo188p
AC VOLTAGE MAIN BUS 1 PHASE A,B, AND C CCo200V

CCo201V
} CCo202v

AC VOLTAGE MAIN BUS 2 PHASE A,B, AND C CC0203v
CC0204V
CC0205V

DC VOLTAGE MAIN BUS A AND B CC0206V
CCo207V

DC VOLTAGE BATTERY BUS A AND B cco210v
Cccozny

DC VOLTAGE BATTERY C CCo212v
FREQUENCY AC BUS 1 AND 2 PHASE A CC0213F

CCO217F
DC VOLTAGE BATTERY CHARGER OUT CCo214V
DC CURRENT BATTERY CHARGER OUT CC0215C
DC CURRENT BATTERY A,B, AND C CC0222C

CC0223C
CC0224C

DC VOLTAGE PYRO BATTERYA AND B CCo227v
CCo228v

DC VOLTAGE BATTERY RELAY BUS CC0232v
DC CURRENT F/C 1,2, AND 3 OUTPUT SC2113C

SC2114C
SC2115C

FUEL CELL 1,2, AND 3 BUS A DISCONNECT SC2120X
SC2121X
SC2122X

FUEL CELL 1,2, AND 3 BUS B DISCONNECT SC2125X
SC2126X
SC2127X
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MALF. NO.

CNOO1

CNO04

CNO005

CNO00é6

CNO10

CNO12

CNO14

CNO020

CN022

CNO026

CNO030

CNO040

CNO041

CNO042

CNO043

CNO46

CNO0é63

OXYGEN STORAGE SUBSYSTEM MALFUNCTIONS

MALFUNCTION DESCRIPTION

TANK 2 QUANTITY SENSOR FAILS

TANK 2 PRESSURE SWITCH FAILS

TANK 1, OXYGEN PRESSURE SWITCH FAILS

HEATER CURRENT SENSOR FAILS - MAX. OUTPUT

TANK 1 QUANTITY SIGNAL CONDITIONER FAILS - MAX. OUTPUT

TANK 1 PRESSURE SIGNAL CONDITIONER FAILS - MAX. OUTPUT

TANK 2 TEMPERATURE SIGNAL CONDITIONER FAILS - MAX. OUTPUT

TANK 1 OXYGEN QUANTITY METER READS ZERO

TANK 1 OXYGEN PRESSURE METER READS ZERO

TANK 1 PRESSURE SWITCH FAILS CLOSED

TANK 1 HEATER TEMP LIMIT SWITCH FAILS CLOSED

TANK 2 HEATER POWER SWITCH "MAN" POSITION IS
GROUNDED

TANK 1 RUPTURE

TANK 2 RUPTURE

TANK1 RELIEF VALVE FAILS CLOSED

TANK 1 HEATER POWER SWITCH "AUTO" POSITION IS GROUNDED

TANK 2 PRESSURE SWITCH FAILS CLOSED

TELEMETRY SIGNALS

SIGNAL DESCRIPTION T/M CODE

QUANTITY O2 TANK 1 SF0032Q

QUANTITY O2 TANK 2 SF0033Q

PRESSURE O2 TANK 1 SFO037P

PRESSURE O2 TANK 2 SFO038P

TEMPERATURE O2 TANK 1 SFOO41T

TEMPERATURE O2 TANK 2 SF0042T

MALF. NO.

CNO002

CNO003

CNO07

CNO11

CNO13

CNOI15

CNO021

CNO023

CNO027

CNO31

CNO052

CNO053

CNO054

CNO035

p
u

|

Oo

o
n

s
 

B
i

HYDROGEN STORAGE SUBSYSTEM MALFUNCTIONS

MALFUNCTION DESCRIPTION

TANK 2 PRESSURE TRANSDUCER FAILS

TANK 1 HEATER SWITCH FAILS: OPEN

HEATER CURRENT SENSOR FAILS - ZERO OUTPUT

TANK 1 QUANTITY SIGNAL CONDITIONER FAILS - ZERO OUTPUT

TANK T PRESSURE SIGNAL CONDITIONER FAILS - ZERO OUTPUT

TANK 2 TEMPERATURE SIGNAL CONDITIONER FAILS - ZERO OUTPUT

TANK 1 QUANTITY METER STICKS IN PRESENT POSITION

TANK 1 PRESSURE METER STICKS IN PRESENT POSITION

TANK 1 PRESSURE SWITCH FAILS OPEN

TANK 1 HEATER TEMP LIMIT SWITCH FAILS OPEN

TANK 2 PRESSURE SWITCH FAILS CLOSED

TANK 1 PRESSURE SWITCH FAILS CLOSED

TANK 2 RUPTURE

TANK 1 RUPTURE

TELEMETRY SIGNALS

SIGNAL DESCRIPTION T/M CODE

QUANTITY Ho TANK 1 SFO030Q

QUANTITY H2 TANK 2 SFO031Q

PRESSURE Ho TANK 1 SFO039P

PRESSURE Ho TANK 2 SFO040P

TEMPERATURE H2 TANK 1 SFO043T

TEMPERATURE H2 TANK 2 SFO044T

SMé6T-2-02
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Figure 2-49. Cryogenics Storage System

2-115 /2 -116



LI
1T

1-
2

. 0 ,  FLOW RATES & O,  TEMP
I ™

ECS
ECS ISOLAT VALVE OPEN &

dl  ECS Oy MANIFOLD PRESS

] y

Oy TANKS 1 & 2 | OXYGEN
CWS l 2 STORAGE

| PRESSURE BN EQUATIONS

[72]
WN
Ld
or

PN oO.

wl Zz
yO,  FLOW AVAIL TO F/CS al ©
Le  wy —-wi Q

FUEL 2
CELLS O ,  FLOW REQ TO F/CS vl 5

Z|- <| w
F l  «

I
AC & DC BUS POWER AVAIL

i RB
OXYGENEps L HEATER CURRENTS | CONTROL

| EQUATIONS

MIU 1 MALFUNCTIONS

.

| INSTRUMENT | PN

Og WT & PRESS |
INDICATIONS 1

Og WT, PRESS.

C/M SWITCH
POSITIONS

| EQUATIONS T & TEMP |

Oo WT & PRESS |

INDICATIONS |

Figure 2-50. Oxygen Storage Subsystem Simulation

105

T/M

AMS
COMMAND

MODULE .

SM-6T-2 -02 -383

N
O

O
IA

N
V

Y
H

 Y
O

LO
N

IL
S

N
I 

Y
O

LV
IN

W
IS

 N
O

IS
S

IW
 O

T1
0d

V

20
-¢

-1
9W

S



81
1-

2

ws |}  H2 TANK 1 & 2 PRESS

1

y H2 FLOW AVAIL TO F/CS I ) |
FUEL HYDROGEN Hg WT & PRESS

STORAGECELLS Ho FLOW REQ TO EQUATIONS INDICATIONS
j | FUEL CELLS :I 9

Vv
0

0 &
s y4
a ¢)

V4 Ww
Z hv= a

=<< 
]

jo nd
AC & DC BUS POWER AVAIL INSTRUMENT H2 WT, PRESS.

EQUATIONS

Ha WT & PRESS

HYDROGEN | POSITIONSEPS HEATER CURRENTS CONTROL
| EQUATIONS I 

:

MIU 1 MALFUNCTIONS-

Figure  2-51.

b

Hydrogen Storage Subsystem Simulation

10§

T/M

AMS
COMMAND

MODULE

SM-6T-2 -02 -382

N
O

O
IA

N
VY

H
 Y

O
LD

N
YL

SN
I J

O
LY

IN
W

IS
 N

O
IS

SI
W

 O
T1

0d
V

20
-C

-1
9W

S



2 .11 .2 .3

SM6T~-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

are compared  with f ixed l im i t s ,  I f  the va r iab les  exceed  these  l im i t s ,  the
mechanical  flags are  d i sp layed  in  the SCM, A se lec to r  swi tch i n  the SCM
determines which fuel ce l l  wi l l  have i ts  pa ramete rs  d isp layed.  C rew  con-
t ro l  of the fuel ce l l  thermodynamics s imula t ions include H j  and O ,  PURGE
and REACTANTS ON-OFF  con t ro l s .  The outputs f rom these sw i tches  are
fed to the ¥ /C  p rog ram in the compute r .  When s imulated malfunct ions are
i nse r ted  into the p rog ram,  app rop r i a te  e f fec ts  are s imula ted,  not only in  the
fuel cel l  thermodynamics,  but also in the fuel cell e lec t r i ca l  output.

Figure  2-52 is a b lock d iagram of the AMS F /C  thermodynamics s imu-
lation. The three b locks on the r ight (coeff ic ient  subrout ine, a lgebra sub-
rout ine,  and H ,  and H ,O par t ia l  p ressu re  i n  condense r  exhaust  b l ocks )
per fo rm in termediate steps in  comput ing the fuel  ce l l  ou tpu ts .  The F /C
O,  and H, f low b locks  use reac tan ts  on O ,  and H ,  pu rge  and F /C  power
output s ignals to determine O,  and H j  flow for each F /C .  These outputs
are fed to the EPS and to the F /C  total  oO, and H_ f low b lock ,  The re  the
flows f rom al l  three F /Cs  are  combined and total O ,  and H ,  f low is  sent to
the EPS. F /C  total O,  and H ,  demand may be at var iance with total O ;
and H ,  flow due to reactant avai labi l i ty f luctuat ions. This is determined
in  the F /C  total O ,  and H ,  demand b lock ,  whose output is sent to the EPS,
The F /C  radiator  b lock in tegrates the temperature of the incoming coolant
f rom the space rad ia to rs  with the p rev ious  t empera tu res  of the F /C  radiator
to de termine the new F /C  radiator  tempera tu re .  Th is  new tempera tu re  is
sent to the coef f ic ient  subrout ine b l ock  and, af ter  modi f icat ion,  re tu rns  to
the F /C  tempera tu re  b l ock .  The re ,  a long with F /C  power p roduc t ion  infor-
mation, the F /C  radiator  temperature  helps determine the F /C  module skin
tempera tu re .  The F /C  glycol  flow block works from the incoming glycol
f low ra te ,  the F /C  coo l ing  requ i red ,  and the va r ious  valve pos i t i ons  to
determine the pa ths  of g lyco l  f low and the ra te  of f low in  each path.  The
rate of potable wate r  p roduc t ion  is de termined in the ¥ /C  water  block.
The re ,  F /C  power  product ion informat ion is  combined with wate r  sepa ra -
t ion  cycle data and, cont ingent  upon the capabi l i ty  of the ECS to accep t
wa te r ,  the water  output rate is gene ra ted .  The pH fac tor  of the water  is
a lso  genera ted  wi th in th is  b lock .  Within the F /C  regu la to r  output p ressu re
b lock ,  regulator valve posi t ions and N j ,  H, ,  and O, source p ressu res
combine to de te rmine  N j ,  H ; ,  and O ,  p ressu res  into the fuel ce l l s .  The
F /C  power  and cu r ren t  b lock  of the fuel ce l l  thermodynamic s imulat ion
combines  the individual fuel ce l l  power  ou tpu ts ,  cu r ren t  ou tpu ts ,  and
heate r  cu r ren t s  to supp ly  th ree  totals to the coeff ic ient subrout ine b lock .

EPS Cont ro l  Logic Simulation.

Figure  2-53 is  a b lock d iagram of the EPS cont ro l  l og i c  s imulat ion.
The EPS con t ro l  l og i c  con t ro l s  mos t  of the opera t ions  within the EPS,
Fuel ce l l  cont ro l  and ove r load  sens ing  is s imulated by that b lock  in  the
d iag ram.  Work ing f rom switch pos i t i ons  and event  occu r rences ,  th is
b lock sends out s igna ls  which act ivate the fuel ce l l s  and cause the i r  p rope r
opera t ion .  A l so ,  the total  cu r ren t  f rom each fuel ce l l  is compared  with
l imits to determine i f  the ce l l  should be shut down. The a -c  and d -c
internal cur rent  dra ins b lock  determines the l oads  within the EPS,  These
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Figure 2-52. EPS Fuel Cell Thermodynamic Simulation
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inc lude F /C  pumps ,  ba t te ry  cha rge r ,  i nve r t e r s ,  nonessen t i a l  bus ,  and

motor -d r i ven  swi tches.  The d-c loads are sent to the EPS d-c bus p rogram
while the a-c loads are sent to the a-c bus phase current  loading b lock.  This
block is expla ined  l a t e r .  The F /C  caution and warning ind icators  b lock
r ece i ves  s igna ls  f rom the caution and warn ing sys tem.  These  include for
each fuel ce l l ,  PH  HI, F /C  RAD TEMP LOW, and N , ,  H,,  and O ,  REG OUT
PRESS to le rances .  Rece ip t  of any one of these  wil l cause the r espec t i ve
F /C  disconnect s ignal  to be sent out and the proper  display within the SCM
and at the IOS,

The d-c bus power available block rece ives  all d-c bus voltages and
determines which are available for operat ion  on the basis of voltages being
within to le rance .  If these voltages are not within to lerance,  the d-c bus
undervol tage sens ing  b lock  wil l cause the p rope r  MAIN BUS UNDERVOLT
l ight to illuminate.

The battery to bus tie block, working from SCM switch positions,
determines which busses are fed from each battery.  The CM-SM RCS
transfer  function also feeds into this b lock to d isconnect  al l  SM d-c busses
at separation.

The inverter control  logic block determines from SCM switch pos i t ions
which inver te rs  are to be act ivated and which disconnected. Any over load
or overvo l tage  feedback wil l  cause the malfunctioning or  over loaded  inve r te r
to be disconnected. The output of this b lock is fed to the a-c bus phase
cu r ren t  loading b lock .  He re  the load on each phase of both a-c  busses  is
determined on the basis of a-c load information f rom all using programs.
From the bus load ing and swi tch pos i t i ons ,  the inver te r  load  is determined
and, ind i rec t ly ,  the inver ter  vo l tage.  Th is  vol tage is sent to the i nve r te r
over /undervo l tage b lock .  If an overvo l tage condi t ion ex i s t s  in  the inver te r
and, in  tu rn ,  on  the a - c  bus ,  an  overvo l tage  s igna l  i s  sen t  back  to the
inver ter  control  b lock causing inver ter  d isconnect .  Inverter  currents  and
i nve r te r  vo l tages  are sent to the i nve r te r  phase cu r ren t  b lock .  Inverter
cu r ren ts  for  a l l  th ree i nve r te r s  are sent to the EPS d isp lays  p rog ram from
this po in t .  The cur ren t  through each a-c  bus phase is computed and sent to
the a -c  bus over load  sens ing  b lock .  If an ove r load  is  sensed  through com-
pa r i son  of phase /cu r ren t  to known l im i ts ,  an a-c bus over load signal is
sent to the CWS and to the inver te r  contro l  l og i c  b lock .  Th is  ove r load  s ignal
would cause inve r te r  d i sconnec t  in the i nve r te r  contro l  l og i c  b lock  exact ly
as an overvol tage signal  would. If the inver ter  output voltages and cur rents
are within to le rance ,  the a-c bus power  avai lable b lock  wi l l  send out s igna ls
to the F /C  ECS, SRS, and C & I s imulat ions indicat ing that a-c bus power  is
avai lable.  This same signal is sent to the bat tery charger  block for the
same pu rpose .  I f  both a -c  and d-c  bus power  are avai lab le,  the bat tery
cha rge r  b lock  may  simulate charg ing  of the S/C ba t t e r i es  p rov ided  the
p rope r  SCM switches are pos i t ioned.

In the FDAI, instrument l ighting and couch unlock block commands wil l
be genera ted  to cause l ighting changes  and unlocking of the c rew  couch .  These
s igna ls  wil l  be in  r esponse  to co r respond ing  switch pos i t i ons  and wil l  be i s sued
only if the p roper  d-c bus powers are available.
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EPS D-C  Bus  Simulation.

All EPS d -c  bus pa rame te rs  are computed in the d-c  bus simulat ion

p rog ram.  A b lock  d iagram of th is  p rog ram is shown in  f igure  2 -54 .  The

d-c  bus conductance b lock  de te rmines  the conductance of al l  d -c  busses  f rom

the d -c  load  in format ion p rov ided  by  the va r ious  sys tem s imula t ions i n  the

AMS. The total  conductance for  each bus is  sent to the bus voltage b lock .

Var ious  fuel ce l l  thermodynamic pa rame te rs  are fed to the F /C  open

c i rcu i t  voltage and internal res is tance  b lock .  From these var iables the open
c i rcu i t  vol tage and internal  r es i s t ance  of each fuel ce l l  a re  computed and fed

out to the F /C  Theven in  equivalent vo l tage and res i s t ance  b lock  and the

cur ren t  and power  calculat ions b lock .  In  the Thevenin equivalent b lock ,  the

th ree  fuel ce l l  outputs are combined to p rov ide  a s ingle equivalent  r es i s t ance

and vol tage.  These are sent to the bus voltage block and the cur rent  and
power  ca lcu la t ions  b lock .  All  the d-c  cu r ren t s  s imula ted out on the va r ious

d-c  busses  are sent to the cu r ren t  and power  ca lcu la t ions b l ock .  The re ,

along with fuel cel l  Thevenin res is tance  and voltage, these s ignals  combine
to p rov ide  output power  s igna ls  for  use throughout the EPS s imulat ion.  A

por t ion  of these s ignals also contro ls  c i rcu i t  b reake rs .  These sixteen c i r -
cuit b reake rs  will be opened individually i f  s imulated cu r ren t  through ‘them:
exceeds  their ra t ings ,

If bat tery  A and /o r  B and /o r  the post landing  ba t te ry  (bat tery C) are

connected to the d-c  bus network,  the cur ren t  and power  ca lcu lat ions b lock

sends out ampere  hou rs  expended to the bat tery  A,  B,  and C open-circuit

vol tage and internal  r es i s t ance  b lock .  Th i s  is done because  bat te ry  vol tage

and internal  r es i s t ance  wi l l  va ry  as a function of t ime and cu r ren t  drawn

f rom the ba t te ry .  When these va lues have been computed, they are sent to

the bus vol tage b l ock .

The bus vo l tage b lock  takes  the incoming d-c bus conductance,  fuel

cel l  Thevenin equivalent voltage and internal res is tance,  and battery A, B,
and C voltage and internal res is tance and combines these s ignals to de te r -
mine main  busses  A and B,  ba t te ry  busses  A and B and post landing bus

vol tages.  Bat tery  to bus tie switch pos i t ions f rom the EPS logic p rog ram
determine which ba t te r i es ,  i f  any, are para l le led  onto the d-c busses.  When
the ba t te ry  cha rge r  is on and connec ted  to a bat tery ,  that ba t te ry  is  inhibited

f rom be ing  connec ted  to any d-c bus .  Upon C /M-S /M  sepa ra t i on ,  all fuel cell
inputs  to the d-c  busses  are  d i sconnec ted .  I f  power  is d i sconnec ted  f rom any

of the d-c  busses ,  the diode cu r ren t  d i rec t i on  calculat ion block wi l l  determine

if d-c power can reach that bus through al ternate paths. These determinat ions
will be based on SCM switch pos i t ions .

EPS Disp lays Simulation.

The pu rposes  of the EPS d isp lays simulat ion is  to provide the IOS and the
SCM with v isua l  ind icat ions of the EPS s imulated s ta tus .  This sec t i on  a lso

condi t ions EPS s igna ls  for  te lemet ry  t r ansm iss ion .  A b lock  d iagram of the
EPS d isp lays  simulation appea rs  in  f igure 2 -55 ,
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The inver ter  frequency b lock rece i ves  i nve r t e r -on  s igna ls  f rom the
EPS d isp lays sect ion.  When an inverter  is on, an in- to lerance output
frequency is s imulated, unless a malfunction has been inser ted  to cause
the f requency to be out of to le rance.  These f requenc ies  are sent to the
a-c  bus f requency  b l ock .  The a -c  bus f requency b lock  a lso  r ece i ves  ind i -
cat ions as to which inver te r  is  connected to each a-c  bus ,  These  fac ts  are
combined to p rov ide  the frequency for each phase of both a-c  busses .  Th is
information is then fed to the EPS T /M  signal  conditioning b lock.  The a-c
bus voltage block rec i ves  both i nve r te r -on  and i nve r t e r - t o -a - c  bus connect
s ignals  ment ioned above. It also rece i ves  inverter 1, 2, and 3 voltages.
Toge the r  these  s igna ls  p rov ide  the vo l tage for each a-c  bus phase to the
EPS T /M  signal conditioning b lock.

The inver te r  temperature  b lock  r ece i ves  both inver ter  cur rent  and
vol tage f rom the EPS l og i c .  These  are combined to determine the heat
generated in  each i nve r te r .  The amount of heat g iven up through g lyco l
cool ing is determined by co ld  plate temperature f rom the ECS, Inver ter
t empe ra tu res  a re  then sent  to  the EPS T /M  s igna l  condi t ion ing b l ock .  If,

through malfunction inser t ion,  an excessive inverter  temperature is s imu-
l a ted ,  a s ignal  is  sent out to the smoke sys tem caus ing  smoke to i s sue
f rom the lower  equipment bay of the SCM,

The EPS T /M  signal  condit ioning b lock rece ives  s ignals f rom all
a reas  of the EPS simulat ion, These  s igna ls  are condi t ioned and sent to
the te lemet ry  sys tem s imulat ion.  Many of these EPS var iab les  are a lso
sent to the C /M  and IOS me te r  dr ive b lock .  The re ,  based  on d isp lay
se lec to r  switch pos i t i ons ,  ce r ta in  pa rame te rs  wi l l  be chosen  for  d i sp lay
in the SCM with r epea te r  d isp lays  at the 10S,

2 .11 ,2 ,6  Space Radiator Simulation.

The main outputs of th is  p rog ram are ECS and EPS coolant t empe ra -
tu res  at the rad ia tor  ou t le ts .  These  coolant  temperatures are  in  d i r ec t
re la t ion  to three va r i ab les .  They are temperature  of the coolant into the
rad ia to r s ,  coolant f low ra te ,  and rad ia tor  tempera tu re .  Tempera tu re  of
the coolant  enter ing the rad ia to rs  is p rov ided  by the ECS or  EPS,  depending
on which radiator  equat ions are be ing  cons ide red .  The coolant f low rate
is calculated within each radiator using the coolant flow rate within the
ECS or EPS,  so leno id  valve pos i t i ons  to determine bypass  flow, coolant
v i scos i t y , .  and rad ia tor  f low res i s t ance .

Radiator tempera tu res  are computed for each radiator individually.
Radiator  tempera tu re  is va r i ed  as a function of coolant  temperature  fed
into the rad ia tor  and ene rgy  r ece i ved  by the rad iator  f rom the environment.
Tempera tu re  of the coolant fed into each rad ia tor  is  p rov ided  by the r espec -
t ive system (ECS or EPS) simulation p rog ram.  Determining the ef fect  of
the envi ronment  on the rad ia to rs  inc ludes  comput ing pos i t i on  of each r ad ia -
to r  with r espec t  to the sun 's  rays  and the sun 's  rays reflected off the ea r t h ' s
sur face .  Compensat ion  is made for the ea r th ' s  angle of reflection of the
sun ' s  rays  and for the spacecraf t  pass ing  through the ea r t h ' s  shadow,
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Af te r  a l l  these t e rms  have been combined to determine coolant  tempera-
tu re  within each  rad ia to r ,  a fur ther  ca lcu la t ion i s  made to de te rm ine  the
coolant  temperature  a f te r  i t  is  mixed with the coolant  which has bypassed  the
rad ia to r s ,  Th i s  is  done by compar ing the coo lan t  f low ra te  within the ECS or
EPS with the rad ia tor  f low ra tes ,  The d i f fe rence between these  two is  the
bypass  f low. The volume and temperature of the bypass  f low is then compared
to the volume and temperature  of the coolant  coming f rom the rad ia to rs ,  the
product  being the mixed coolant tempera tu re ,

ENVIRONMENTAL CONTROL SYSTEM (ECS).

ECS CONFIGURATION REFERENCE,

The ECS in the AMS accurate ly  s imulates the environmental control
sys tem in  S/C 012. F i gu res  2-56 through 2-59 are schemat ic  d iag rams of
the actual S/C 012 ECS subsystems.  Indicated in these f igures are AMS
malfunctions at their point of effect in the sys tem.  Telemetry  pickoff
points are  a lso labeled on these figures,

ECS SIMULATION,

ECS hardware in the AMS is l imited to the controls and d isp lays .  All
oxygen, wa te r ,  coo lant ,  was te  wa te r ,  and va r iab les ,  such as masses ,  f low
ra tes ,  quant i t ies and tempera tu res  are computed.  The actual environment
of the AMS command module is con t ro l led  by the environmental  sys tem.
The interface between  these two sys tems  is functional in  that command
module temperature  con t ro l s ,  i n  addi t ion to prov id ing inputs to the ECS
simulat ion sec t i on  of the computer ,  es tab l i sh  the cont ro l  temperature  for
the AMS a i r  condi t ioner .  Use of water  f rom the potable water  out lets will
a lso  p rov ide  inputs  to the computer  even though the water  is  p rov ided f rom
an external  source.

ECS Oxygen Subsystem Simulation.

The simulated ECS oxygen subsys tem  has been d iv ided into b locks  for
compute r  mechan iza t ion .  These  b locks  are the oxygen p ressu re  supply,
oxygen surge tank, ECS oxygen p ressu re  regu la to rs ,  and ECS oxygen
supply manifold b l ocks .  Each b l ock  has a g roup  of equat ions within the
computer  fo r  maintaining t empera tu res ,  p ressu res ,  and quant i t ies ,  and
f eed ing  t hese  va lues  to C /M  and IOS  readou ts .  F i gu re  2 -60  shows  each
b lock  of the oxygen subsys tem s imulat ion.  The oxygen supp ly  l ine b locks
keeps t rack  of the tota l  s imulated oxygen inflow to the ECS by summing
the outputs f rom the two s imulated oxygen tanks ,  These  two s igna ls  come
from the CSS simulat ion sec t i on  in  the compute r .  The oxygen accumulated
in the supp ly  l ine is s imulated by adding the oxygen inflow and subt ract ing
the oxygen flow out through the regu la tor  assemb ly  from the p rev ious
oxygen mass  i n  the supp ly  l ine during the p rev ious  i te ra t ion .  Th i s  b lock
a lso  con t ro ls  simulation of oxygen volume, tempera tu re ,  and p ressu re
within the h i gh -p ressu re  supply  l i ne .  Oxygen demands by other ECS
computat ions and simulated CSS inputs are  rece i ved  by these equat ions and
used to determine simulated ECS total oxygen demand.
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The oxygen su rge  tank b lock de te rmines  the s imulated mass  flow rates,
mass  accumulat ion ra te ,  p ressu re ,  t empera tu re ,  ra te  of tempera ture  change,
and total mass  conta ined within the su rge  tank. Inputs to th is  group of equa-
tions come f rom the oxygen supply  l ine b lock .  The oxygen p ressu re  regu la to r s
simulat ion b lock computes  the mass  flow ra tes  through the oxygen regu la to rs
p ressu re  re l i e f  va l ves .  Th is  is  based  on oxygen supply  manifold demands
and supply  l ine inputs .  The oxygen supp ly  manifold b lock p rov ides  the means
for determining simulated p ressu re  and temperature within the oxygen supply
manifold. Oxygen mass flow rate through the manifold is also computed
within th is  b lock .

ECS Water Storage Subsystem Simulation.

For purposes of simulation, the water storage subsystem of the ECS
is  d iv ided into s ix  sec t i ons .  Each sec t ion  is  s imulated by a group,  or block,
of equat ions.  These blocks are d iagramed in f igure 2-61. The following
paragraphs desc r ibe  the functions per fo rmed  within each b lock.

The water s to rage  p ressu r i za t i on  b lock  computes the s imulated
volume and weight of oxygen within the water  subsys tem.  Also f igured is
the O ,  f low ra te  into and out of the subsys tem and whether oxygen flow into
the subsystem is poss ib le ,  as determined  by pos i t ion  of manual regulator
select  valves in the SCM,

The potable water  storage block s imulates the weight ,  inflow rate,
and tempera tu re  of food probe hot water  for  the potable water  supp ly .
This b lock also determines whether fuel cel l  water wil l f low into the potable
or was te  water  tank, whether wa te r  is  avai lable f rom the fuel ce l l s ,  and if
the water system can accept i t .  E lec t r ica l  operat ions simulated include
l a rge  and smal l  food p robe  wa te r  hea te r s ,  hea te r  power  avai lable and
c i r cu i t  b reake r  l oads .  Actual water  f low through the food water  p robes
and the water  demand tubes is me te red  and fed into the computer  to cause
a dec rease  in  the s imulated potable wa te r  avai lable.

Simulated water  f low ra te  into the waste water tank and the weight of
water  i n  the was te  wate r  tank are computed in  the was te  water  s to rage  b lock.
This group of equations also s imulates the two additional water storage
tanks in  the fuel ce l l  water  input line.

The equat ions of the wate r  accumulator  b lock simulate the opera t ion
of the two water accumulators.  Accumulator water inflow rates f rom the
suit heat exchange are integrated with accumulator water outflow to the
waste water  tank or overboard  to calculate the amount of water in e i ther
accumulator .  The t iming cycle of 10 minutes of accumulat ion and 10 sec-
onds of purge is also simulated by the b lock.

The water  accumulator p ressu r i za t i on  b lock  de te rm ines  the oxygen
flow rates into and out of the accumulators and the weight of oxygen contained
in the accumulators.  The water storage readout b lock prov ides command
module and IOS water  indicat ions after i t  de te rmines  if ind icator  power  is
avai lable for  C /M  ind ica to rs .  Th is  group of equat ions a lso determines if

waste water  is available for evaporat ive cool ing simulat ion.
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COMPARTMENT ous
PRESSURE
REGULATOR

EMERGENCY INFLOW CABIN PRESSURE foren AUTO
REGULATOR FLOR Lo  14S ECS OXYGEN SUBSYSTEM MALFUNCTIONS

032 MALF. NO. MALFUNCTION DESCRIPTION
~ CLOSED

& EC 016 OXYGEN FLOW INDICATOR FAILS
‘ Ee  OPEN EC 020 Og PRESS. REGULATOR NO. 1 FAILS OPEN

qT  3 EC 021 Og PRESS. REGULATOR NO. 1 FAILS CLOSED
- m= EC 022 O,  PRESS. REGULATOR NO. 2 FAILS CLOSED

) — TO SUIT RELIEF EC 023 Og PRESS. REGULATOR NO. 2 FAILS OPEN
0;  FLOW ) & DEMAND EC 025 CABIN PRESS. SENSOR FAILS

TRANSDUCER CYCLIC CYCLIC REGULATOR EC 030 C/M INNER STRUCTURE PUNCTURED
cLosep  ACCUMULATOR ACCUMULATOR VALVE EC 031 CABIN O3 PRESS. INDICATOR FAILS

SELECTOR VALVE | | SELECTOR VALVE EC 034 CABIN O2 PRESSURE REGULATOR NO. 1 FAILS OPEN
(Som EL  ~~  “ a  Ee  ING EC 035 CABIN Og PRESSURE REGULATOR NO. 1 FAILS CLOSED

TANK PRESS « VALVE EC 036 CABIN O32 PRESSURE REGULATOR NO. 2 FAILS CLOSED
REGULATOR c lose r  EC 037 CABIN O32 PRESSURE REGULATOR NO. 2 FAILS OPEN
2 RELIEFT = = L=t \ SL  cLosep  EC 043 Oo EMERGENCY INFLOW REGULATOR VALVE NO. 2 FAILS CLOSED

v, (ea OPEN £53  EC 044 O49 EMERGENCY INFLOW REGULATOR VALVE NO. 1 FAILS OPEN
EC 045 CABIN INNER PRESS. RELIEF VALVE FAILS OPEN
EC 046 CABIN INNER PRESS. RELIEF VALVE FAILS CLOSED

— EC 047 CABIN OUTER PRESS. RELIEF VALVE FAILS OPEN
EC 050 CABIN OUTER PRESS. RELIEF VALVE FAILS CLOSED

> OXYGEN TO SUIT EC 055 CABIN PRESSURE RELIEF VALVE LEAKS
r SUPPLY EC 057 O2 SURGE TANK LEAK-1/7 MAX. LEAKAGE RATE

MANIFOLD EC 067 O5 SURGE TANK LEAK-2/7 MAX. LEAKAGE RATE
EC 070 O3 SURGE TANK LEAK-4/7 MAX. LEAKAGE RATE

\ CYCLIC CYCLIC EC 076 O95 S/M SUPPLY REG VALVE NO. 2 FAILS - LEAKING
-— — ACCUMULATOR ACCUMULATOR EC 146 TANK PRESS. CONTROL RELIEF VALVE NO. 1 FAILS OPEN

1 EC 147 TANK PRESS. CONTROL RELIEF VALVE NO. 2 FAILS OPEN
TC T] TT  11 WATER FROM EC 150 TANK PRESS. CONTROL RELIEF VALVE NO. 1 FAILS (LEAKING)

I © SEPARATOR EC 151 TANK PRESS. CONTROL RELIEF VALVE NO. 2 FAILS (LEAKING)
1 (SUIT HEAT EC 152 TANK PRESS. CONTROL INLET SELECTOR FAILS (LEAKING)

EXCHANGER) EC 153 TANK PRESS. CONTROL OUTLET SELECTOR FAILS (LEAKING)
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MANUAL VALVE ACTUATED VALVE

AP PRESS
TRANSDUCER

PRESSURE REGULATOR
VALVE

CHECK VALVE
(FLOW IN ARROW
DIRECTION)

Figure 2-56,

ECS OXYGEN SUBSYSTEM T/M SIGNALS

SIGNAL DESCRIPTION T/M CODE

PRESSURE-CABIN CF 0001P

2 PRESSURE-SURGE TANK CF 0006P

3 FLOW RATE-ECS O,  CF 0035R

4 PRESSURE-OUTLET Oo REGULATED SUPPLY CF 0036P

SM-6T-2-02-317A

ECS Oxygen Subsystem
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ECS WATER SUBSYSTEM MALFUNCTIONS

MALF. NO, MALFUNCTION DESCRIPTION

EC 051 WATER ACCUMULATOR NO. 1 AUTO VALVE FAILS CLOSED
EC 052 WATER ACCUMULATOR NO. 2 AUTO VALVE FAILS OPEN
EC 053 WATER ACCUMULATOR NO. 2 DIAPHRAM LEAKS
EC 054 WATER QUANTITY INDICATOR FAILS TO ZERO
EC 060 WATER PRESS. RELIEF VALVE NO. 1 FAILS OPEN
EC 065 WASTE WATER TANK LEAKS SLDWLY
EC 155 WATER PRESS. RELIEF VALVE NO. 2 FAILS OPEN

ECS WATER SUBSYSTEM T/M SIGNALS

NO SIGNAL DESCRIPTION T/M CODE

1 QUANTITY WASTE WATER TANK CF 0009Q
2 QUANTITY POTABLE WATER TANK CF 0010Q

SM-6T-2-02-314A

Figure 2-57. ECS Water Storage Subsystem
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ECS WATER-GLYCOL SUBSYSTEM T/M SIGNALS

| 
SIGNAL DESCRIPTION

- TEMPERATURE-CABIN

2 PRESSURE GLYCOL PUMP OUTLET

3 TEMPERATURE GLYCOL EVAPORATOR
OUTLET STEAM

4 TEMPERATURE GLYCOL EVAPORATOR
OUTLET LIQUID

5 QUANTITY GLYCOL ACCUMULATOR

6 TEMPERATURE SPACE RADIATOR OUTLET

7 BACK PRESS. GLYCOL EVAPORATOR

T/M CODE

CF0002T

CF0016P

CFOO17T

CF0018T

CF0019Q

CF0020T

CF 0034p

SM 6T-2-02
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MALF,
NO.

EC 014
EC 024
EC 026
EC 027
EC 041
EC 042
EC 056
EC 064
EC 072
EC 077
EC 100
EC 101
EC 102
EC 103
EC 104
EC 105
EC 106
EC 107
EC 112
EC 113
EC 114
EC 115
EC 116
EC 117
EC 120
EC 121
EC 122
EC 123
EC 124
EC 125
EC 126
EC 127
EC 130
EC 13]
EC 132
EC 133
EC 134
EC 135
EC 136

+ EC137
EC 145

EC 154

ECS WATER-GLYCOL SUBSYSTEM MALFUNCTIONS

MALFUNCTION DESCRIPTION

CABIN TEMP CONTROL VALVE MOTOR FAILS
GLYCOL TEMP CONTROL VALVE MOTOR FAILS
CABIN FAN NO. 1 FAILS
CABIN FAN NO. 2 FAILS
SPACE RADIATOR 1B LEAKS
SPACE RADIATOR 2A LEAKS
WETNESS CONTROL AMPLIFIER FAILS (VALVE CLOSED)
GLYCOL PUMP OUTLET CHECK VALVE FAILS TO CLOSE
SPACE RADIATOR 2B LEAKS
CABIN FAN NO. 2 FAILS
RADIATOR RELIEF VALVE BRANCH A FAILS CLOSED
GLYCOL ACCUMULATOR LEAK - 1/7 MAX.
GLYCOL ACCUMULATOR LEAK - 2/7 MAX,
GLYCOL ACCUMULATOR LEAK - 4/7 MAX.
RADIATOR LEAK
GLYCOL LEAK IN HEAT EXCHANGER
GLYCOL EVAPORATOR CONTROL AMPLIFIER FAILS
HEAT BY-PASS VALVE MOTOR FAILS
CABIN HEAT EXCHANGER CHECK VALVE FAILS
CABIN HEAT EXCHANGER TEMP CONT AMPLIFIER FAILS
CABIN HEAT EXCHANGER TEMP CONT VALVE FAILS
CABIN AUTOMATIC TEMP CONTROL FIALS
GLYCOL DISCHARGE PRESSURE SENSOR FAILS
GLYCOL DISCHARGE PRESS. INDICATOR. FAILS
RADIATOR TEMP SENSOR FAILS
GLYCOL RADIATOR TEMP OUT INDICATOR FAILS
GLYCOL EVAPORATOR OUTLET TEMP SENSOR FAILS
GLYCOL EVAPORATOR OUTLET TEMP INDICATOR FAILS MIN
STEAM OUTLET TEMP SENSOR FAILS
EVAPORATOR STEAM PRESSURE INDICATOR FAILS
GLYCOL PUMP NO. 1 FAILS
GLYCOL PUMP NO. 2 FAILS
STEAM OUTLET PRESSURE SENSOR FAILS
GLYCOL ACCUMULATOR QUANTITY SENSOR FALLS
GLYCOL ACCUMULATOR QUANTITY INDICATOR FAILS
RADIATOR VALVE NO. 1 FAILS
RADIATOR VALVE NO. 2 FAILS
RADIATOR VALVE NO. 3 FAILS
RADIATOR VALVE NO. 4 FAILS
GLYCOL PUMP OUTLET CHECK VALVE NO. 1 FAILS
GLYCOL CHECK VALVE FAILS - LEAKING GLYCOL TO
GSE CONNECTION
GLYCOL RELIEF VALVE NO. 2 FAILS

SM-6T-2-02-316A

ECS Water Glycol Subsystem
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Figure 2-59.

ECS CABIN/SUIT SUBSYSTEM MALFUNCTIONS
MALFUNCTION DESCRIPTION

NO. 1 SUIT RLF & DEMAND REGULATOR VALVE FAILS (LEAKING)
NO. 2 SUIT RLF & DEMAND REGULATOR VALVE FAILS (LEAKING)
NO. 1 SUIT COMPRESSOR MOTOR FAILS
NO. 2 SUIT COMPRESSOR MOTOR FAILS
NO. 1 COMPRESSOR OUTLET CHECK VALVE LEAKING
NO. 2 COMPRESSOR OUTLET CHECK VALVE LEAKING
DELTA P COMPRESSOR INDICATOR FAIL (MIN)
SUIT PRESSURE INDICATOR FAILS (MAX.)
CO2 PARTIAL PRESSURE INDICATOR FAILS (MAX.)
CO2 PARTIAL PRESSURE SENSOR FAILS
SUIT CIRCUIT LEAKS INTO CABIN
SUIT EVAP WATER INFLOW CONTROL VALVE FAILS (LEAKING)
CABIN TEMP SENSOR FAILS (MIN)
CABIN TEMP SENSOR FAILS (MAX.)
CABIN TEMP INDICATOR FAILS (MIN)
SUIT EVAP TEMP CONTROL UNIT FAILS (VALVE STAYS CLOSED)
SUIT EVAP WATER INFLOW CONTROL VALVE FAILS (CLOSED)
SUIT COMPRESSOR OUTLET CHECK VALVE NO. FAILS
SUIT EVAP TEMP CONTROL UNIT FAILS (VALVE STAYS OPEN)
SUIT EVAP WATER INFLOW CONTROL VALVE FAILS (OPEN)
MANUAL O,  METERING VALVE FAILS (LEAKING WHEN CLOSED)

ECS CABIN/SUIT SUBSYSTEM T/M SIGNALS
SIGNAL DESCRIPTION GOSS NO.

CO2 PARTIAL PRESSURE CF0005P

SUIT SUPPLY MANIFOLD TEMPERATURE CF0008T

SUIT DEMAND REGULATOR SENSOR PRESSURE | CF0012P

SUIT COMPRESSOR DIFFERENTIAL PRESSURE | CFOO15P

SM-6T-2-02-315A

ECS Cabin/ Suit Subsystem
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® 2 ,12 .2 .3  ECS Water-Glycol  Subsystem Simulation.

The function of the simulated ECS wate r -g lyco l  subsys tem is  to p ro -
vide s imulat ion of the requ i red  tempera tu re  contro l  capab i l i t i es .  Operat ion
of AMS command module temperature  con t ro ls  by the c rew  members  causes
inputs to be sent to the ECS simulat ion sec t i on  of the computer  and a lso  to
the AMS a i r  condi t ioner  to actually cont ro l  command module tempera tu re .
In  the compute r ,  these inputs act as independent  var iab les to cause changes
in simulated tempera tu res  and flow ra tes .  Pro longed or  complete  fai lure
of the rea l  system will cause catastrophic resu l t s  if not cor rec ted .  Mal-
functions of th is  type a re  inc luded in the capabi l i t ies of the s imulated wa te r -
glycol subsystem.

The water-g lyco l  subsystem simulat ion is accompl ished  in b locks of
equat ions within the AMS computer ,  as are mos t  spacecra f t  subsys tem
simula t ions .  The re la t ionsh ip  of each b lock  to the o ther  b locks  is  i l lus-
t ra ted  i n  f igure 2 -62 .  The b l ocks  and their pu rposes  are  included in the
following pa rag raphs .

The water-g lyco l  flow block is used to determine possib le flow paths
for the coolant.  It also determines if flow is poss ib le  through the space
rad ia to rs ,  re l i e f  va l ves ,  s to rage  tank bypass  and heat  bypass  va l ves ,  and
the mass  flow ra tes  through each of these  po in t s .  The glycol pump status
is determined along with the differential p ressure  across the pump. The
tempera tu res  of the coolant coming into the storage tank and into the glycol

® evapora to r  are s imulated by equat ions within th is  b l ock .  Other equat ions
prov ide the s imulated pos i t i on  of the cabin tempera tu re  contro l  va lve .  An
elec t r ica l  short c i rcu i t  may be simulated in the water -g lyco l  subsystem as
a s imulated malfunction. Two equations are r equ i red  for  th is  s imulat ion:
one to determine i f  a shor t  c i r cu i t  is  poss ib l e  and the o ther  to determine i f
the condi t ion ex i s t s .

The wa te r -g l yco l  mass  b lock  of the wa te r -g lyco l  subsys tem  is  used
to compute s imula ted flow ra tes  be tween ,  and mass  within, the wa te r -
glycol storage tank and the accumulator ,  and the flow rate into, and mass
within, the glycol  sys tem.  F low ra tes  be tween  the th ree  mass  containing
components of the sys tem are computed as a function of the differential
p ressu res  involved.

The glycol  evapora to r  b lock p rov ides  the capabi l i ty of opera t ing  the
evaporator  in ei ther automatic or manual mode. In the automatic mode,
the evapo ra to r  cont ro l  regu la tes  the pos i t i on  of the back -p ressu re  valve
in o rde r  to p rov ide  regu la ted  wa te r -g l yco l  tempera ture  s imulat ion.  In
the manual mode ,  the pos i t i on  of the back -p ressu re  valve is d i rec t ly
control led  by the astronaut.  The output temperature of the water -g lyco l
is computed as a function of this valve pos i t ion .

The back -p ressu re  valve manual cont ro l  b lock computes and s to res
the amount of t ime the manual back -p ressu re  valve is  i n  the on pos i t ion .

® This information is used in determining the back -p ressu re  valve or i f ice
area.
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Mass flow rate and temperature computations for the water-g lycol
flowing into and out of the cold plate are the main function of the IMU cold
plate b lock.  The simulated t ransfer  of heat is computed in  the IMU port ion
of the computer.

Equat ions in  the sui t  hea t  exchanger b lock desc r i be  in  detai l  the
operat ion of the sui t  hea t  exchanger .  The automatic and manual modes
of the heat  exchanger  are  accura te ly  s imulated in  the AMS.  The two
types of sui t  a i r  cool ing are s imulated for  the heat  exchanger ,  These  two
types are normal  exchange of heat between the suit air and the water-glycol,
and evaporat ive cool ing i f  the wa te r -g l yco l  exchange is unable to lower  the
suit  a i r  to the des i r ed  tempera ture .  Th is  b lock computes sui t  hea t  exchanger
valve and oxygen input valve pos i t i ons ,  oxygen and g lycol  output tempera tu res ,
was te  wa te r  used ,  was te  wa te r  gene ra ted ,  and evaporat ion va r i ab les ,

Control and operat ion of the cabin heat exchanger is simulated by
the cab in  heat  exchanger b lock  of equat ions within the computer .  Temp-
erature and flow rate of the wa te r -g lyco l  flowing into and out of the
exchanger are computed he re .  Pos i t ion  of the cabin temperature con-
t ro l  valve is also computed in this block as a function of system status,
des i red  cabin tempera tu re ,  actual cabin tempera ture ,  and exchanger
output temperature  on the cabin a i r  s i de .

The cabin temperature control  valve posi t ioning b lock  simulates the
posit ioning of this valve in the cabin heat exchanger assembly .  Because
of the rap id  simulated changing of the valve posi t ion,  a high interact ion
rate is used  i n  the computat ions.  The cabin co ld  plate s imulat ion ca lcu-
lates the glycol mass flow rate into the cabin cold p late.  It also de te r -
mines the cabin temperature into the co ld  p late and the rate of change
in the cabin tempera tu re .  Other fac to rs  computed i n  this b lock include
water-g lycol  temperatures into and out of the cold p late,

The water -g lyco l  readout b lock is  used  to p rov ide  computer outputs
to dr ive ind icators  for mos t  of the water -g lyco l  por t ion of the ECS,  This
block also prov ides simulated water -g lyco l  information to the te lemetry
sys tem,

The water-g lycol  subsystem electr ical  loading and power available
block is ut i l ized to de te rmine  i f  the requ i red  power  is availabie for the
water-g lyco l  subsystem e lec t r ica l  components.  The e lect r ica l  loading
of each component of the water -g lyco l  subsys tem is  computed to determine
their  e f fec t  on the e lec t r i ca l  power  sys tem.  Th i s  informat ion is fed back
to the EPS,

ECS Cabin/ Suit Subsystem Simulation.

ECS cabin/ suit subsystem simulation is also accompl ished in severa l
groups  of equat ions within the computer .  Th is  simulated subsys tem inc ludes
not only the p ressu re  su i t ,  but a lso the cabin a i r  pa rame te rs  and a i r  cond i -
t ioning unit control computat ions, Figure 2-63 descr ibes  the relationship
between the groups of equations in block diagram form. The following
paragraphs explain the function of each of t hese  blocks.
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The cab in  a i r  mass  b lock  p rov ides  computat ion of the a i r  mass  within
the C /M  and a i r  mass  flow into and out of the cabin.  It a lso  de te rm ines
cabin a i r  valve pos i t ions .  Current drawn by these valves is p rov ided  to the
EPS.  On-o f f  condi t ions of the cabin a i r  fans and power  requ i rements  are
determined here.

The cabin a i r  t empera tu re  b lock  ca lcu la tes  cab in  heat  exchanger
ene rgy  t r ans fe r ,  rad ia t ion  e f fec t ,  ent ry  heat  e f fec t ,  cab in  tempera tu re
change ra te ,  and the ove ra l l  e f fect  of these  va r i ab les  on cab in  temperature.
Tempera tu re  ou ts ide  the C /M  is  inc luded in  these computa t ions ,  as is
veh ic le  loca t ion  with r espec t  to the sun and ea r t h ,  Cabin p ressu re  is  com-
puted in the cab in  a i r  p ressu re  b lock  us ing  cabin a i r  temperature and
oxygen mass  within the cab in .  P ressu re  ou ts ide  the veh ic le  is used  i n
determin ing C /M absolute p ressu re .  Cabin temperature and p ressu re
i nd ica to rs  in  the C /M  are cont ro l led  by the cab in  a i r  readout  b lock .  This
b lock  a lso  p rov ides  te leme t ry  s i gna l s  for  these  two cabin a i r  pa ramete rs .

The air condit ioning unit contro l  b lock is used to control  the actual
s imulator  env i ronment .  The equat ions within the b lock p rov ide  computer
cont ro l  of the s imulator  cab in  and suit t empe ra tu re .  These  t empera tu res
are  d i r ec t l y  contro l led by the computer  outputs of suit and cabin t empera -
tu re .  Maximum and minimum tempera tu re  l imi ts are p rov ided  for c rew
safety.

The sui t  c i r cu i t  demand regu la to r  b lock  s imula tes  the oxygen flow
cha rac te r i s t i c s  f rom the regulator to the CO, absorber  outlet manifold.
Th is  oxygen f low is  r equ i red  to r ep lace  gas which is decomposed  by c rew
brea th ing ,  and to r ep lace  oxygen re l i e f  f low f rom the su i t  circuit to the
cabin. Equations of this block also es tab l i sh  an actual suit c i rcu i t  r e fe r -
ence p ressu re .  Th is  ensu res  that the su i ts  maintain a p ressu re  s l ight ly
g rea te r  than that of the SCM,

The sui t  inlet mani fo ld b lock  combines oxygen inputs from the
manual oxygen me te r i ng  va lve and the su i t  exchanger  and, as a function
of the su i t  in le t  p ressu re ,  s imu la tes  the tempera tu re ,  p ressu re ,  mass ,
and flow ra tes to the sui ts ,  cabin, and /o r  the suit bypass valve.  The suit
outlet manifold b leck s imulates gases f rom the suit re turn ,  cabin return,
and su i t  bypass  flow fo r  i ts  ove ra l l  computat ions of p ressu re ,  gas flow,
hea t ,  t empe ra tu re  i nc rease ,  and mass .  Each  of  the b ranches  of  f low,
each suit ,  cabin flow, and suit bypass is also ca lcu lated  individually.
The suit compresso r  out let  manifold b lock de termines  the compresso r
di f ferent ia l  p ressu re ,  compresso r  flow, compresso r  heat  t r ans fe r  and
compresso r  output vo lume,  p ressu re ,  and t empera tu re ,

The suit c i rcu i t  CO, absorber  outlet manifold b lock computes the
mass  content and flow through  the CO,  abso rbe rs  and abso rbe r  bypass.
By cons ider ing  the charac te r i s t i cs  of the simulated incoming gas, these
equat ions conta in s imulated t empera tu res ,  p ressu re ,  out le t  f low, and
mass,  The gas compos i t ion  is also simulated in this b lock to furnish par-
t ia l  p ressu res  and individual gas f lows to b locks of simulation whose
equat ions requ i re  th is  information,
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The sui t  c i rcu i t  compresso r  power  b lock  computes  the compressor
power  and cu r ren t  re la t i onsh ips  for  use in the compresso r  out let  manifold
b lock .  Th i s  information is  a lso  fed to the EPS sec t i on  of the computer
for  to ta l  power  consumpt ion  calculations.

AMS ENVIRONMENT SYSTEM,

SCM Environment.

The s imulated ECS p rov ides  cont ro l  fo r  the s imulator  command
module t empera tu re ,  humidity, sui t  p ressu re ,  and cab in  f ans .  It a l so
p rov ides  was te  management ,  wa te r ,  and smoke for  s imulat ing a command
module f i r e .

Command module tempera tu re  may be con t ro l l ed  e i the r  automat ical ly
or manually f rom a maintenance panel  in  the equipment r acks .  Nominal
t empera tu re  es tab l i shment  is  a maintenance funct ion.  The as t ronau t  a lso
has a set of con t ro l s  by  which he may con t ro l  cabin t empera tu re .  Both
the maintenance panel  automatic ( no rma l )  cont ro l  and the as t ronau t  (manual),
contro l  wi l l  be ove r r i dden  by the computer  dur ing en t ry .  Th is  s imulat ion
of en t ry  heat  may  be ove r r i dden  or dec reased  by the IOS ope ra to r  us ing
the REENTRY HEAT OVERRIDE cont ro l .  A safety temperature switch is
p rov ided  to automatical ly shut off the heat ing  unit i f  the cabin tempera tu re
should exceed safe l im i ts .  Humidity is also cont ro l led  by this a i r  condi-
t ion ing uni t .

Four compresso rs  p rov ide  a p ressu r i zed  a i r  supp ly  for  the four
command module su i t  connec to r s ,  The a i r  is  r a i sed  to a p ressu re  s l ight ly
h igher  than that of the command modu le ,  f i l t e red ,  and sent through the
su i t  c i r cu i t .  A b lower  is p rov ided  in  the su i t  c i r cu i t  exhaust to maintain
c i rcu la t ion .  The sui t  c i r cu i t  compresso rs  are a lso  capab le  of p roduc ing
inc reased  p ressu re  d i f ferent ia ls  for  s imulat ing malfunct ions such as C /M
st ruc ture  punc tu res ,  e tc ,  Th i s  is  accomp l i shed  by pos i t ion ing the suit
p ressu re  ove r r i de  d ia l  on the t rue t r a i nee  environment panel  of the IOS,

Smoke S imula t ion .

The smoke system ( f igure 2-64) operates in response to ce r ta in  mal-
function commands  to p rov ide  smoke  within the s imula tor  command module.
The smoke sys tem inc ludes  hea te r ,  two b l owe rs ,  and a f luid supp ly .

When the p rope r  mal funct ions are se lec ted  for  s imulat ion,  the com-
puter  wi l l  ac t ivate  the smoke sys tem;  l iquid smoke wi l l  be p l aced  in  an
evapora t i on  d i sk ,  and the b l owe rs  ac t i va ted .  The smoke is  expe l l ed  into
t he  C /M  in  the gene ra l  a rea  of  the s imu la ted  mal funct ion.  The  a rea  i n
which the smoke is in t roduced into the C /M  is cont ro l led  by th ree  so leno id
va l ves  as seen in  the d iag ram.  These  so leno ids  are contro l led by the
malfunct ion se lec t i on .
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Figure 2-64. Smoke Simulation

2-146



2 .12 .3 .3

2 .12 .3 . 4

SMé6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

In  addit ion to the p rog ramed  smoke genera t ing  mal funct ions,  the

inst ructor  is able to cause smoke in the C /M through use of the MIU
cont ro l  pane l .  The ins t ruc to r  a lso has a smoke moni tor ing sec t i on  on the

IOS. Th is  panel conta ins an over r ide  swi tch,  an OPERATING l ight ,  and

a FLUID LOW l ight .  Manual control  of the smoke sys tem from the MIU
a l lows  the ins t ruc to r  to add smoke to o ther  malfunct ions which are not

p rog ramed  to do so.

Waste  Management  Subsystem.

Waste  management for the s imulator  ECS is  cont ro l led  f rom the
ur ine cont ro l  panel  in  the lower  equipment  bay .  The re ,  two unlabeled

swi tches  de te rmine  sys tem ope ra t i on .  Opera t ion  of the sys tem is  the
same as AF 012 as far as the crew is concerned. A block d iagram of
the AMS waste management subsystem is shown in f igure 2-65. This
drawing shows the main d i f ference be tween  the spacec ra f t  s ys tem and
the s imula tor  sys tem as be ing  the ur ine s to rage  tank in  the simulator,
ra ther  than the ove rboa rd  dump funct ion in  the actual  sys tem.  AMS No.  2

at Cape Kennedy has no was te  management  sys tem,  except  the ur ina l
which is connec ted  to a 6 -hou r  capac i ty  tank and assoc ia ted  plumbing.

Aural Cue Simulat ion.

The aural  cue s imulat ion sys tem s imulates the sounds of an Apol lo
m iss i on  that are external  to communications and sounds normal ly hea rd
in the headse ts .  The sounds p resen t l y  s imulated are  as fo l l ows :

Boos te r  eng ines  aerodynamic no i se
Launch escape  main engine
Entry aerodynamic  no i se
400 -cyc le  i nve r te r  no i se
Attitude gyro  no ise
Rate gyro  no ise
ECS glycol  pump
Cabin fan
Suit compresso r

The aura l  cue sys tem is cont ro l led  f rom the IOS, Manual sw i tches
prov ide  on -o f f  con t ro l  and db ove r r i de  cont ro l  to fac i l i ta te manual reduc -
t ion of the noise volume in  the C /M .  F igu re  2-66 is a b lock  d iagram of
the aura l  cues s imulat ion.  A white no i se  genera to r  with a l eve l  f requency
dis t r ibut ion wi l l  generate  a random no ise  enve lope .  The output of the
genera to r  is fed to th ree  c i r cu i t s  which con t ro l  the output ampl i tude and
f requency  cha rac te r i s t i c s  of the genera to r  as a function of t ime and event
occur rence .  FEach c i rcu i t  cons is ts  of a vo l tage-cont ro l led  f i l ter  (VCF)
and a vo l tage con t ro l led  at tenuator .  The vo l tages fed into the f i l t e r s  and
amplifiers are outputs of the computer .  These voltages control  the f re -
quency and amplitude of the output s igna l .  An addit ional no i se  genera tor
is used  to simulate sounds a r i s i ng  dur ing a-c  power  ‘genera t ion  by the
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Figure 2-65. Waste Management Subsystem
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Figure 2-66. Aural  Cue Simulation System
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g t i . . .  "~ve r te r s .  Th is  output plus the three outputs f rom the vo l tage-
con i ro . . . v  ampl i f ie rs  are  fed through a mixer to another a t tenuator .  The
voltage to this attenuator is determined by the I0S OVERRIDE db control.
The output of the VCA feeds the power ampl i f ier ,  which is also contro l led
from the IOS, through the AURAL CUE ON-OFF switch. The power ampl i -
f ier  output d r i ves  the IOS sound p ressu re  leve l  indicator and the speaker
at the SCM,

2.13 CAUTION AND WARNING SYSTEM (CWS).

2 .13 .1  CWS CONFIGURATION REFERENCE.

At the t ime of this wr i t ing,  the AMS CWS accurately s imulates the
CWS in S/C 012. Malfunctions and te lemetry points normally l i s ted  on
actual spacec ra f t  b lock d iag rams are shown on the s imulated sys tem
drawings .  This is done because the CWS is actually a ' 'col lect ing p lace"
for  e r ro r  s igna ls  gene ra ted  throughout the S /C .  The re fo re ,  a b l ock

d iagram of the actual sys tem would be mean ing less .

2 .13 .2  CWS SIMULATION,

The caution and warning sys tem in the AMS ope ra tes  in  much the
same manner as the actual S/C 012 CWS, with the except ion  of the ma l -
function inser t ion  capabi l i ty and power avai labi l i ty  computat ions in  the
simulator.  A block d iagram of the simulated CWS in shown in f igure 2-67.

The power availabil ity and CW FAIL l ight b lock determine when the
CWS is operat iona l  based  on EPS bus inputs and SCM swi tch pos i t i ons ,  I f
EPS DC power  is avai lable to the sys tems  and e i ther  CWS power supply
No.  1 or  CWS power  supp ly  No. 2 is swi tched off, the CW FAIL l ight  wi l l
i l luminate. This l ight may also be il luminated by the lamp test switch or
by inser t ion  of a malfunction simulating the fai lure of power supply No. 1.

If CWS power is available, the voltage comparator  b lock compares
var ious sys tem pa rame te rs  to known l imi ts to de te rmine  i f  an out of t o l e r -
ance condit ion ex is ts .  These parameters  are as follows:

ECS CO, partial pres- ure
ECS glycol tempera tu re
CSS H ,  tank 1 p ressu re
CSS H ,  tank 2 p ressu re
SPS ox id izer  tank p ressu re
SPS fuel tank p ressu re
SPS thrus t  chamber outer  sk in  temperature
S/M RCS A through D temperature
S/M RCS A through D regulator p ressu re
C/M RCS A and B fuel p ressu re
C/M RCS A and B ox id izer  p ressu re
F /C1 ,  2, and 3 N ,  p ressures
F /C1 l ,  2, and 3 H ,  f low ra tes .
F /C  1, 2, and 3 condense r  exhaust temperatures
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SYSTEM PARAMETERS

300 304 360
306 361
310 352

: 34  363
3s

COMPARATOR [ t i eCW FAIL LIGHT | 1 ALL T/M SIGNALS | 1 CONTROL |

/ ERROR SIGNAL BOOLEANS

01  31 CURRENT30 | master | ALARM TONE - DRAWN
307 18  " |  CAUTION & | ALARM RESET ~

MASTER CAUTION ALARM RESET , | WARNING LTS F"\,5c1er CAUTION LIGHTS» ]  &TONEGEN | > CURRENT DRWN (EPS) _
i »  | MASTER WARNING LIGHT

MASTER CAUTION (T/M) —
(T/M NO. - C50150) v

CWS MALFUNCTIONS

MALF, NO MALFUNCTION DESCRIPTION

ME300 CWS PWR SUPPLY NO. 1 FAILS
CWS T/M SIGNALS ME301 CWS COg PP HI COMPARITOR VOLTAGE DRIFTS LOW

ME302 CWS CO5 PP HI LAMP DRIVER SHORTED
SIGNAL DESCRIPTION T/M CODE ME303 CWS GLYCOL TEMP COMPARITOR VOLTAGE DRIFTS LOW

ME304 CWS GLYCOL TEMP LOW LAMP DRIVER SHORTED
LAUNCH VEHICLE RATE A EXCESSIVE $0020X ME305 CWS O2 TANK 2 REFERENCE DRIFTS HIGH-HIGH OR LOW-LOW
INSTRUMENT UNIT PWR A FAIL $0025X ME306 CWS CSS O9 LAMP DRIVER SHORTED
BOOSTER ENGINE CHAMBER 1 THROUGH 8 S0030X ME307 CWS SPS TEMP COMPARITOR VOLTAGE DRIFTS HIGH
PRESSURE A FAIL S0032X ME310 CWS S/M RCS (B) LAMP DRIVER SHORTED

S0034X ME31 CWS S/M RCS (C) LIGHT WIRE OPEN
S0036X ME312 CWS S/M RCS (D) REFERENCE DRIFTS HIGH-LOW OR LOW~-HIGH
50038X ME313 CWS S/M RCS (A) LIGHT WIRE OPEN
50040X ME314 CWS S/M RCS. (A) LAMP DRIVER SHORTED
S0042X ME315 CWS F/C 2 LIGHT WIRE OPEN
S0044X ME316 CWS F/C 3 LAMP DRIVER SHORTED

LIFT OFF SIGNAL A & 8 S0060X ME320 CWS F/C 1 Hy FLOW REFERENCE DRIFTS HIGH-HIGH; LOW-LOW
| $0061X . ME321 CWS F/C 2 SKIN TEMP REFERENCE DRIFTS HIGH-LOW; LOW-HIGH

EDS ABORT SIGNAL TRANSIENT A & B S0090X ME322 CWS F/L 1 pH REFERENCE DRIFTS LOW
S0091X ME323 CWS F/C 1 H, PRESSURE REFERENCE DRIFTS HIGH

C/M = S/M PHYSICAL SEPERATION MON B S0101X ME324 CWS F/C 2 RADIATOR TEMP REFERENCE DRIFTS HIGH
S/M/ADAPTER PHYSICAL SEPA & B $0120X ME325 CWS F/C 2 N ,  PRESSURE REFERENCE DRIFTS HIGH

50121X ME326 CWS F/C 3 Op PRESSURE REFERENCE DRIFTS LOW
LAUNCH VEHICLE GUIDANCE FAIL A BS0016X ME327 CWS F/C 2 O,  FLOW REFERENCE DRIFTS HIGH-HIGH; LOW-LOW
EDS ABORT REQUEST A C50080X ME340 CWS SPS PRESS. LAMP DRIVER SHORTED
C/M = S/M PHYSICAL SEP MONITOR A C50100X ME341 CWS S/M RCS REG PRESS. A REF DRIFTS HIGH=-HIGH OR LOW-LOW
MASTER CAUTION - WARNING ON CS0150X ME342 CWS SPARE - REFERENCE DRIFTS HIGH-LOW OR LOW-HIGH
Q - BALL VECTOR SUM OUTPUT LS0001V ME343 CWS SPARE - REFERENCE DRIFTS HIGH-LOW OR LOW=-HIGH
TOWER PHYSICAL SEP MONITOR A & B LS0090X ME344 CWS F/C 3 COND EXHAUST REF DRIFTS HIGH-LOW OR LOW-HIGH

LS0091X ME345 CWS OPEN WIRE TO MASTER CAUTION LIGHTS
ME360 CWS IMU TEMP LIGHT WIRE OPEN
ME361 CWS G & N ACCEL FAIL LIGHT WIRE OPEN
ME362 CWS EPS DC BUS B LIGHT WIRE OPEN
ME363 CWS EPS HyO ACCUM LIGHT WIRE OPEN
ME364 CWS SPS PU FAIL LIGHT WIRE OPEN SM-6T~2-02-376

Figure 2-67, Caution and Warning System Simulation
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F /C  1, 2, and 3 module sk in  tempera tu res
F /C1 ,  2, and 3 0 ,  regulator output p ressu res
F /C  1, 2, and 3 H ,  regulator output p ressu res
F /C1 l ,  2, and 3 O ,  flow ra tes
F /C  1, 2, and 3 radiator  outlet tempera tu res
F /C1 l ,  2, and 3 water pH factor
FCS O ,  f low out of supply manifold
CSS O ,  tank 1 and 2 p ressu re
EPS inver te rs  1, 2, and 3 temperature.

Those  pa ramete rs  which are determined as be ing out of to lerance
cause s ignals  to be sent to the CWS l ights control  b lock.  These out of
to lerance s ignals cause illumination of the cor respond ing  lamps in the
SCM and at the 10S, D i rec t  inputs from the respec t ive  systems may
also l ight the CW lamps ,

For  each CW lamp that i l luminates in  the SCM, the mas te r  caut ion
and warn ing l i gh ts  and tone genera to r  b lock gene ra tes  s igna ls  which cause
the MASTER CAUTION ind icators to l ight and the audio a larm tone to be
genera ted .  The MASTER WARNING l ight  i n  the SCM lower  equipment
bay ind ica tes  that a mas te r  caut ion condi t ion ex is ts  and that this condit ion
is be ing  t e l eme te red  to MSFN, Since th is  is  the only CWS signal sent to
te lemetry ,  no spec ia l  table is p rov ided  i n  the b lock  d iag ram.

The CWS cu r ren t  drawn b lock  de te rm ines  the amount o f  cu r ren t
drawn by the CWS l ights and the amount of current  passing through each
of the two CWS c i rcu i t  b reake rs .  Th is  information is  forwarded to the
EPS simulat ion sec t i on  of the AMS. |

MSCC INTERFACE PROGRAMS,

Dur ing the in tegrated mode of the opera t ion ,  the ground suppor t
simulat ion computer  (GSSC) p rov ides  the same outputs to the AMS as
the launch-boost  tape dur ing a nonintegrated mode .  The var iab les  no r -
mally p rov ided  by  the launch-boost  tape are p rov ided  in  the t ra jec to ry
l ink message from the GSSC, A detai led descr ip t ion  of the launch-boost
is  conta ined i n  sec t i on  3 (AMS Ut i l izat ion)  of th i s  volume of the handbook.

MSCC INTERFACE PROGRAM,

The purpose of the Manned Spaceflight Control Center (MSCC)
inter face p rogram  is to accompl ish  simulated m iss i on  interface between
the f l ight  c rew  in  the SCM, the m i ss i on  cont ro l  team in the MSCC,  and
remote  s i te  pe rsonne l  on locat ion  and /o r  in the s imulated remote  sites.
The s imulat ion in ter face is be tween  the AMS computer  and the SCATS-
GSSC in the contro l  cen te r .  Data t ransfer  (both input and output) is
p rocessed  in  the AMS by the MSCC inter face p rog ram.  The AMS com-
puter  is e lec t r i ca l l y  i so la ted  f rom the SCAT S-GSSC by means of the
compu te r - t o - compu te r  buf fer ,
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Tra jec to ry  s imulat ion in  the in tegrated mode of opera t ion  invo lves  both
input to the AMS from MSCC and output from the AMS to the MSCC., Each
message ,  both incoming and outgoing,  cons i s t s  of s ixty 24 -b i t  wo rds .  These
60 wo rds  wil l  t ransmit  five t imes  each second .  Each message  has a t ime
tag spec i fy ing when the data is to be used .  The t ime tag is  a counter which
is pulsed every  200 mi l l i seconds .  The t ime tag is re fe renced  to midnight
p r io r  to launch.

A block of 60 core locat ions in the computer is used to format the
outgoing AMS to GSSC message .  The MSCC inter face p rog ram will pack
the d i sc re tes ,  as requ i red  by  the message  format,  and send the messages
out at a ra te  of f ive per  second  to the buf fer .  The data in  the 60 -wo rd
message  mus t  co r respond  to the message  t ime tag.  The information
included in the outgoing data message is shown in f igure 2-68.

The GSSC to AMS incoming messages  ( f igure 2 -68 )  a r r i ve  at the
compu te r - t o - compu te r  buffer at a ra te  of f ive messages  per  second .  The
AMS compute r  wi l l  in te r rogate  the buffer and t rans fe r  a message  into the
computer  memory  when i t  is rece ived .  The program will then distr ibute
the data to the us ing  p rog rams  at the p rope r  t ime .  Interface between th is
p rog ram and the EOM p rog ram dur ing in tegra ted mode requ i res  modi f i ca-
t ion of the EOM program.  Those EOM equations normally computing t rans-
lat ional ve loc i ty  and pos i t i on ,  rotat ional  ve loc i ty  and pos i t i on ,  rotat ional
acce le ra t i on  and t rans lat ional  acce le ra t i on ,  wi l l  be d ropped  f rom the AMS
computat ions at va r ious  t imes  dur ing  in tegra ted  opera t ion .  When the S-IVB
is  connected  to the spacec ra f t  i n  the s imulat ion,  GSSC supp l i es  al l  t r ans -
lational and rotat ional t r a j ec to ry  information. When the spacecraft,
without boos te r ,  is in  a pe r i od  of f r ee  drift, GSSC supp l i es  t rans la t iona l
co r rec t i on  data,  al lowing the AMS to compute rotat ional da ta .  The GSSC
fu rn ishes no t ra jec to ry  information when CSM or CM is in a pe r iod  of
t ranslat ional  th rus t  or ent ry .

The in ter face between the MSCC inter face p rog ram and other  AMS
prog rams  is much s imp le r  than the EOM in ter face.  Data in  the incoming
message  is t r ans fe r red  from the computer  memory  to the data poo l  where
all intel l igence is separated f rom the message format.  The programs
requir ing this data wil l then draw it  f rom the data pool.

2 .14 ,2  UP-DATA LINK INTEGRATED MODE,

The up-data  l ink p rog ram  funct ions only in the integrated mode of
AMS operat ion.  Simulated up-data  or ig ina tes  in the MSCC and is rece ived
in  the AMS compu te r .  The information contained in  each message  is
decoded  by the r ece i v i ng  sys tem.  Dur ing  the in tegra ted  mode ,  the AMS
up-da ta  l ink i n t e r f aces  with the MSCC compute r  complex  i n  the same
manner as the spacec ra f t  does in  an actual Apol lo  m i ss i on .

All up-da ta  messages  f rom the MSCC are  p rocessed  by the 201A data
t ransmiss ion  equipment, condit ioned for input to the AMS, appropr iate ly
patched at the flight crew t ra iner (FCT)  patchboard, and rece ived  at the
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Figure 2-68, Tra jectory  Link Message
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AMS J -box .  Up-data  messages  are  compr i sed  of the message  addressing,
message data contents,  and a simultaneous 1000-cps clock s ignal .  The UDL
decoder  r ece i ves  the up-da ta  message ,  changes  the intel l igence f rom ser ia l
to para l le l  fo rmat ,  and decodes  i t  f rom MSCC sub-b i t  format to AMS format.

Dur ing the in tegrated mode ,  the IOS may st i l l  i n se r t  malfunct ions into
the UDL decoder .  A digital command system fai lure is generated  by
depress ing the DCS FAIL pushbutton indicator on the UDL panel of the IOS,
This will cause the decoder to be held in the RESET condit ion until the mal-
function is removed.  The ins t ruc to r -opera to r  may also i nse r t  the FAIL-
NEXT MESSAGE signal  as a malfunction dur ing the integrated  mode from
the IOS. This wil l cause the decoder to be held in the reset  condit ion until
the malfunct ion is  removed.  The next message  af ter  i nse r t i on  is  faulted
the NEXT MESSAGE FAILED l ight on the IOS illuminates. Th is  s i tuat ion
wil l  continue unti l e i the r  the requ i red  number of fa i lu res  is  at ta ined,  or a
di f ferent message  is  r ece i ved  i n  the decode r ;  at which t ime,  the fault gene r -  |

ator  is r ese t  and the new word  is handled normal ly .  As a r esu l t  of e i ther
of these two occur rences ,  a ver i f icat ion signal  is sent to the PCM, and the
MESSAGE RECEIVED indicator  of the IOS UDL panel  i l luminates,  The
system is reset  by c losure  of the KYBD CLEAR switch on the IOS,

PCM TELEMETRY SIMULATION,

The te lemetry  sys tem simulat ion in  the AMS makes  use of a modif ied
spacecra f t  te lemet ry  package .  The AMS computer  supp l i es  analog and
digital  data f rom other sys tem simulat ions to this package .  No spec ia l  p ro -
cess ing  is requ i red  for these s i gna l s  as they are  a l ready  i n  the necessa ry
format .  The modif ied spacec ra f t  telemetry package a l lows malfunct ions to be
i nse r ted  d i rec t ly  f rom the MIU to the T /M .  Simulation pa rame te rs  p rocessed
by the te lemetry  p rogram are included in sect ion 6 (Simulat ion Output Data)
of Volume II of th i s  handbook.

A b lock  d iagram of the te lemetry  s imulat ion, along with the te lemetry
conso le ,  is  shown in  f igure 2 -69 .  The actual  spacec ra f t  PCM te lemet ry  unit
is used in the AMS, Only the inputs to the unit are simulated. These inputs
are in the form of analog, b i leve l  (s ingle d ig i ta l  b i ts ) ,  and digi tal  words.
Generated  within the AMS computer are 320 analog s igna ls ,  224 b i level
s igna l s ,  four para l le l -d ig i ta l  wo rds ,  and one para l le l -d ig i ta l  wo rd .  They
simulate inputs f rom al l  the var ious S/C sys tems  and are  shown on the
sys tem drawings throughout th is  sec t i on  of the handbook, The in format ion
bit  t ra in  f rom the PCM-T /M  is avai lable out of the AMS any t ime the T /M
system is on. The output f rom the T /M  system in the AMS is the same as
that of the actual S/C sys tem,  that i s ,  51, 200 b i t s  per second  (bps ) ,  or
1600 bps as de te rm ined  by command module switch pos i t i on .  Th is  pu l se
training may  be sent d i rec t ly  out of the AMS or  to the data s to rage  equipment
(DSE)  where  i t  wi l l  be r eco rded  fo r  la ter  t r ansm iss ion ,

All C /M  swi tches which affect PCM-T /M  opera t ion  wil l  l ight  repea te r
ind icators  on the I0S  and T /M  conso le :  The var ious sys tem p rog rams
generate the data s ignals required  by the PCM-T /M  for p roper  operat ion.
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Analog Inputs to PCM,

Analog inputs to the PCM-T /M  are of two types: dynamic and stat ic .
The dynamic analog inputs  are supp l i ed  by the computer  through d ig i t a l - t o -
analog (D /A )  conver te rs  and are 0 to t 5 - vo l t  d-c s ignals represent ing  spec i f ic
measurements  normal ly  made aboard the S/C. These are the analog s ignals
which  MSFN wi l l  mon i to r  under  norma l  m i ss i on  conditions.

Static analog s i gna l s  are gene ra ted  by tying the output l i nes  in  the
AMS per iphe ra l  equipment to +2.5 vol ts  dc. The stat ic analog s igna ls  are

" those not normally moni tored  by MSFN in  an actual m iss ion .  By tying these
l ines  to t 2 .5  vo l ts  dc, cont inuous ze ro  r ead ings  i n  the PCM output pu lse
t rain are avoided.

The 320 analog s ignals ,  stat ic and dynamic, r ece i ved  by the T /M  fault
cont ro l  unit may  be faulted or a l lowed to pass unhindered to the PCM-T /M
unit. Of these 320 s igna ls ,  50 are fed through attenuators which lower  the i r
voltage l eve l s  to a range of 0 to +50 mi l l ivol ts dc f rom thei r  o r ig ina l  0 to
+5 volts dc. These s ignals then simulated the low- level  analog inputs to
the PCM-T/M. ,

Bi leve l  Inputs to PCM,

Bi leve l  inputs to the PCM-T /M  are also of dynamic and stat ic types.
The s ta t ic  b i l eve l  inputs are t i ed  ind iscr im inate ly  to 0 to +6 vo l ts  dc so that
some in te l l i gence  wi l l  appea r  on each input l ine to the PCM-T /M .  The
dynamic b i leve l  s ignals are p rov ided  by the computer  and rep resen t  s imu-
la ted event occu r rences  wi th in  the S/C., The b i l eve l  s igna ls  are rou ted
through the digi tal  bi t  output c i r cu i t s  to the T /M  faulting c i rcui t  and then
on to the PCM-T /M .  In the T /M  uni t ,  the 224 b i leve l  input s igna l s  are
samp led  e igh t  at a t ime ,  at spec i f i c  i n te rva ls  and t rea ted  as pa ra l l e l -
digi tal  wo rds .  Each  b i leve l  input may  be faulted individually in  the fault
contro l  uni t ,

Para l le l -Dig i ta l  Inputs to PCM.

Mos t  pa ra l le l -d ig i ta l  wo rds  are p rov ided to the computer  through the
d ig i ta l  wo rd  output c i r cu i t s .  These  wo rds  wi l l  be in  the fo rm of multiples
of e igh t  para l le l  b i t s .  Four  pa ra l le l -d ig i ta l  wo rds  are  fed into the PCM-
T /M unit through the T /M  fault cont ro l  un i t .  Each of these words (two
16 -b i t ,  one 24 -b i t ,  and one 32-b i t )  may be faulted in its ent i rety by the
fault cont ro l  uni t .  One additional e ight -para l le l  bi t  word is suppl ied to the
T /M  unit by the UDL, This is the UDL ver i fy word,  and no p rov i s i ons  are
made to mal funct ion i t  directly.

Serial-Digital Input to PCM.

The 40-b i t  ser ia l -d ig i ta l  word from the S/C G&N to the PCM is
s imulated  by the computer  in the AMS, This s ignal  is present ly  fed d i rec t ly
f rom the AMS computer  to the PCM-T /M  unit. There the se r ia l -d ig i ta l
word  i s  conve r ted  to  non re tu rn - t o - ze ro  fo rmat  and i n teg ra ted  into the
output pu l se  t r a i n ,
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Figure 2-69. PCM Telemetry  Simulation and T /M  Console
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2 .14 .3 .5  Other Inputs to PCM,

Other inputs to the PCM-T /M  include nondata c l ock  s igna ls  f rom the
AMS computer  s imulat ing the spacecraf t  CTE, The bit rate contro l  signals
f r om the s imu la ted  C /M  communica t ions  con t ro l  panel  w i l l  be  sen t  to  the

PCM-T /M and will a lso  l i gh t  r epea te r  i nd i ca to rs  on the T /M  conso le  and
the IOS. This s ignal  cont ro ls  the bit rate output f rom the PCM-T /M .  The
C/M communicat ions con t ro l  pane l  a lso conta ins  a swi tch  to de termine  which
as t ronau t  b i omed i ca l  information i s  sen t  to the T /M  uni t  on  a se t  o f  four

l i nes .  The analog te lemetry  swi tch de te rmines  which set of analog t r ans -
duce rs  wil l p rov ide  s igna ls  to the premodulat ion p rocesso r  (PMP)  for sub-
ca r r i e r  modulat ion but has no connec t ion  with the PCM-T/M. ,

2 .14 .3 .6  PCM-T /M  Output.

The PCM-T /M  output is  a cont inuous se r i a l  nonreturn- to-zero (NRZ)
pu lse  t ra in  of e i the r  51, 200 bps or 1600 bps .  The pu lse  t ra in is  amplif ied
and sent through a swi tch ing network to e i ther  SCATS or  the data s to rage
equipment (DSE) for reco rd ing .  The DSE is a standard S /C-DSE,  It
r ece i ves  the PCM pu l se  t r a i n  f rom the T /M  unit upon se lec t i on  f r om the
communicat ions cont ro l  pane l .  Th is  pulse t r a in  is then r eco rded  on four
t racks  of the tape to be p layed back  and t ransmi t ted  la te r  to SCATS,
Regardless of the bi t  rate sent into the DSE, the output rate f rom the DSE
wil l  be 51, 200 bps due to vary ing tape speeds.

2 .14 .4  TELEMETRY FAULT SIMULATION,

Analog, b i l eve l ,  and para l le l -d ig i ta l  words sent to the PCM by the
computer  are rou ted  through the fault i n se r t i on  networks i n  the T /M  console,
and associated equipment r acks .  Figure 2-69 contains a d iagram of the
T /M  console which may be re fe r red  to dur ing the fol lowing discussion.

2 .14 .4 .1  Analog Fault I nse r t i on .

.Mhe  320 ze ro  to +5 -vo l t  d -c  analog s igna l s  are fed f rom the format
patch panel  to the fault pa tchboard  in  the equipment r ack ,  The fault pa tch -
boa rd  is w i red  by  a p l ug - i n  p rep rog ramed  pa tch  pane l .  Th is  panel  d i r ec t s
the 320 ana log s i gna l s  and the 312 d ig i ta l  b i t s  which make up the b i l eve l
and pa ra l l e l - d i g i t a l  wo rds .  Of the 320 analog s i gna l s  avai lable at the patch
pane l ,  a maximum of 20 may be d i r ec ted  to the analog fault modu les .  Four
di f ferent t ypes  of mal funct ions may be s imula ted in each fault  module:

® A dr i f t  in the d-c leve l  of the data s igna l .  The dr i f t  rate is var iab le
over the range of +1 millivolt per second to *1 .0  volt per second.

® A fixed l eve l  subst i tu ted for the data signal.

® A voltage of fset  of the data through an a lgebra ic  addit ion of a set
vol tage.

® A complete analog channel l oss .
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Prov is ions  are made within the module to ensure that the output data
signal does not exceed the maximum or minimum establ ished for analog
s igna ls .  The data s ignals wil l be routed through the fault module and back
to the patch panel  without any change to the information contained until the
malfunct ion is  i nse r t ed  by the computer  p rog ram or by manual swi tch

act ivat ion,

As the analog signals are sent f rom the fault patchboard to the PCM-
T /M unit ,  a pa ra l l e l  p ickof f  is taken f rom each of the 320 l i nes  and fed to
the analog monitor select ion  matr ix .  Through the use of d ig iswi tches,  the
T /M conso le  ope ra to r  may se lec t  10 analog s igna ls  for  d isp lay  on the
10 vo l tmeter  i nd i ca to rs .  Moni tor ing of these s igna ls  wil l  not i n te r rup t

their  t r ave l  to the PCM-T /M  unit.

Bi leve l  Fault I nse r t i on .

The b i leve l  b i t s  are p roduced  by the AMS computer  and are  sent

through the fault patchboard  to the PCM-T /M  unit .  The fault patchboard

is capable of patching 16 of the 224 b i leve l  s igna ls  to the b i leve l  fault

modules .  Normally c losed re lay contacts in each of the 16 fault modules
prov ide  se r i es  cont inui ty for the d ig i ta l  event  l ine until a fault is i nse r t ed ,

e i the r  automat ica l ly ,  by  the compu te r ,  or  manual ly f rom the T /M  console.
Inser t ion  of a b i leve l  fault subst i tutes a continuous "1"  or ''0'" on the data
l ine to rep lace  the normal signal l eve l .  The T /M  console contains a f ive-
pos i t ion  ro tary  switch for select ing COMP or MAN fault inser t ion  and ON
or OFF  (+6 vdc or  0 vdc) fault l eve l s  for each of the 16 b i l eve l  fault  channe ls .
Each cont ro l  a lso  has a NORMAL pos i t i on .  From the fault patchboard,  al l

of the b i leve l  s igna ls  are  sent to the moni tor  unit in  the T /M  conso le  and to

the PCM unit.

Parallel-Digital Word Faulting.

Four para l le l -d ig i ta l  words are generated in the AMS computer and
fed out through the fault patchboard.  There are two 16-b i t  words ,  one 24-bi t
word ,  and one 32 -b i t  wo rd .  These are a l l  para l le l  b i t  wo rds ,  so the re  are

a total of 88 l i nes  running f rom the AMS computer  to the dig i ta l  word  mal-
function uni ts  in  the T /M  console  as par t  of the 312 digital b i ts  patched out
of the compu te r .  All  four pa ra l le l -d ig i ta l  wo rds  pass d i rec t l y  f r om the

format  patch panel  to the T /M  conso le  where  they are fed through four

digi tal  fault modu les .  Normal ly  c l osed  contac ts  of four multiple contact

re lays al low the digi tal  words to pass through the module unaffected.
When a fault is  i nse r t ed ,  ei ther manually or  by computer  command,  into

any of the four  d ig i ta l  words  the r espec t i ve  fault r e l ay  w i l l  ene rg i ze  caus ing

all  b i t s  of the wo rd  to go to '"0.'"" Each fault module conta ins a t h ree -pa r t

ind icator  to te l l  the T /M  conso le  ope ra to r  when the fault has been inserted,

and whether this was a manual or computer inser t ion .  The para l led-d ig i ta l
words  are  routed f rom the fault modules to the PCM and T /M  conso le  moni -

tor un i ts .  Operat ion of the monitor unit is explained in sect ion  1, Volume II
of this handbook.
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2,15  AMS VOICE COMMUNICATIONS SUBSYSTEM,

Simulation of vo i ce  communicat ions within the AMS is accomp l i shed

in  seve ra l  pa r t s .  Those  sys tems  which a re  in  the actual  S /C  inc lude S-band ,

VHF /AM,  HF,  and the i n te rcom.  In  addi t ion to s imulat ing t hese ,  the AMS

also  i nco rpo ra tes  backup and as t ronau t  l oops .  These s imu la t ions  are
desc r i bed  in  subsequent  pa rag raphs  and are a lso i l lus t ra ted  in  f igure 2 -70 .

Vo i ce  s i gna l s  normally feed ing the as t ronaut  audio cont ro l  cen te r  f rom

S-band or VHF /AM are sent through d is tor t ion  c i rcu i ts  as explained in
paragraph  2 .8 .2 .  The incoming audio s igna l  is fed to a vo l tage con t ro l

ampl i f ier  (VCA) and on to the as t ronauts '  earphones. This path wi l l  be the
same ,  r ega rd less  of wh ich  aud io  s igna l  is se lec ted .  Backup and as t ronaut

loops  are  not se lec tab le  f rom within the command module,  but wi l l  pass

through the mixer  and VCA,

The S/C in te rcom system is designed to prov ide communicat ions
between the as t ronau ts  within the C/M and be tween the  as t ronau ts  and

ground p r i o r  to l ift off .  In  the AMS,  the as t ronaut  i n te rcom sys tem pe r -

fo rms the same funct ion by linking the s imulated C /M  with MSCC p r i o r  to
simulated lift off dur ing  in tegra ted  mode s imula t ion.  At  s imu la ted  l i f t  off,

in tercom communicat ions between the ground and the as t ronau ts  wil l  be

b roken .  The  i n te rcom in  the AMS is  the same  as that i n  the actua l  S /C ,

excep t  that an output is taken f rom each as t ronau t ' s  ea rphones  and fed to

the moni tor  loop at the I0S,  Earphones  for  the moni tor  loop al low the
i ns t ruc to r -ope ra to r  at the conso le  to hear  what the as t ronaut  hea rs .  The
monitor loop  is equ ipped  with a f ou r -pos i t i on  switch which a l lows the conso le

ope ra to r  to se lec t  as t ronaut  in te rcom l ine  1, 2, 3, or  a l l .  Al l  vo i ce  s igna ls

en te r ing  the audio cen te r s  f rom the up - l i nk  r ece i ve rs  are  t rea ted  in  the same

manner as the in te rcom vo i ce  s i gna l s .  The as t ronaut  l oops  are not pa r t  of

the Apol lo  communicat ions sys tems  but are supplementary l i n ks .  These
loops  p rov ide  the IOS i ns t ruc to r -ope ra to r  addit ional audio communicat ions

capabi l i ty  with the f l ight  c rew  dur ing  the non in tegrated  mode .  Cons i s t i ng

of t h ree  independent  audio l i n ks ,  the as t ronaut  loops can p rov ide  ast ronaut

communicat ions at al l  t imes ,  even though s imu la ted  m iss i on  cond i t ions may

inhibit a l l  o ther  audio modes .  Each as t ronaut  may con t ro l  h is  earphone

volume through h is  audio cen te r .  The C /M  power  swi tch mus t  be in  the
PTT  or VOX pos i t i on  i n  o rde r  for  the as t ronaut  to t ransmi t  to the IOS,  The

ast ronaut  l oops  are  d is t r ibu ted by the conso le  communicat ions sys tem (CCS)

which is  GFE.

The backup loop is a lso  a supp lementa ry  loop and is  comp le te l y  i nde -

pendent of the CCS, This  loop  wi l l  p rov ide  as t ronaut  communications i f  the
CCS is  i nope ra t i ve .  The backup loop a l lows the IOS sys tems  management

i ns t ruc to r -ope ra to r  to moni tor  each as t ronau t  ea rphone .  To use the backup

loop ,  the i ns t r uc to r -ope ra to r  mus t  p lug his headse t  into a te lephone jack  on

the IOS, The 10S has a volume cont ro l  spec i f ica l ly  for the backup loop as

th is s ignal  is not under the contro l  of the CCS volume control.
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Emergency tone signals are fed into the ast ronaut 's  headset from the
emergency tone genera to r .  Any malfunction i nse r ted  into the AMS will cause
the AMS computer  to generate a star t  s ignal to this genera tor .  The stop
signal must  be ini t iated by the astronaut.
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SECTION 3

AMS UTILIZATION

PURPOSE AND SCOPE.

It is  the pu rpose  of th is  sec t i on  of the handbook to provide a comple te
plan for use of the Apol lo  M i ss i on  Simulator (AMS) in the accompl ishment  of
f l ight crew training for M i ss i on  204A. The overall plan is in the form of a
training sy l labus made up of a number  of t ra in ing sess ions .  The syl labus
inc ludes  a r ecommended  sequence  of p resenta t ion  for  the sess ions .  The con-
tents  and sequence  of the training sess ions  a re  p red ica ted  on good developmental
training p rac t i ces ;  that i s ,  f r om the easy to the diff icult and from the simple
to the comp lex .

The contents of th is  sec t ion  are compr i sed  of the following i t ems :

® Deta i led def ini t ion of a nominal training m iss i on  to be used  as data
base for  t ra in ing the f l ight c rew  for  M i ss i on  204A on the AMS.

e® A general  desc r i p t i on  of the t raining syl labus and the types of
t raining of which it is comprised.

® A b r ie f  desc r ip t ion  of each training sess ion  in the syl labus.

e Identi f icat ion of Handbook SM2A-03 crew procedures to be pract iced
i n  accompl ish ing  the sy l labus and an outline of c rew  p rocedu res
(from SMZ2A-03) for accompl ish ing the nominal training m iss i on .

e A gene ra l  desc r i p t i on  of how the AMS ins t ruc tor  handbook contents
are  used to p repa re  ins t ruc tor  sc r i p t s ,  including a b r i e f  d i scuss ion
of the contents  of Volume II of the handbook.

NOMINAL TRAINING MISSION.

This pa rag raph  of the i ns t ruc to r  handbook def ines the nominal training
m iss ion  for  the AMS as updated  by the SE 012 mod i f i ca t ion .  The pu rpose  of
the m i ss i on  is to p rov ide  a data base with which to p lan and accomp l i sh  fl ight
c rew  t ra in ing for  M i ss i on  204A with the AMS.  The m iss i on  cha rac te r i s t i c s
and even ts  are d ic ta ted  by the planned 204A m iss i on  and cons t ra ined  by the
simulation capabi l i t ies of the AMS.

Table 3-1 is  p rov ided  to define the re la t ionsh ips  between the nominal
t raining m iss i on  and Apol lo M i ss i on  204A as descr ibed  in the 15 October 1965
prel iminary Apollo Operat ions Handbook (SM2A-03). The f i r s t  column l i s ts
the M i ss i on  204A even ts  in  m i ss i on  sequence .  The second  column ident i f ies
the cor responding events in the nominal training m iss i on .  The nominaltraining
miss ion  events are not necessa r i l y  in  m i ss i on  sequence .  Sequence of nominal
training m iss ion  events and re lated crew act iv i t ies are the subject  of f igure 3-1.
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Fur ther  definition of nominal training m iss i on  chronology,  even t s ,  and c rew
ac t i v i t i es  a re  p rov ided  in  table 3 -8  and f i gu res  3 -37 ,  3 -38 ,  and 3 -39 ,  The
th i rd column of table 3-1  contains remarks  on the re la t ionsh ip  between ope ra -
tional m i ss i on  and nominal t ra ining m iss i on  events.

The nominal  training m iss i on  is  compr i sed  of four di f ferent m i ss i on  plans
accomp l i shed  on the dynamic prof i le  of one bas i c  t h ree -o rb i t  m i ss i on .  The
bas i c  t h ree -o rb i t  prof i le  cons i s t s  of a launch-boos t  to a 105 -n  m i  c i r cu la r
orb i t ,  t h ree  o rb i t s ,  and G&N mode re t rog rade  and entry to an a rea  off the
Hawaiian I s l ands .  The t h ree -o rb i t  m i ss i on  has been se lec ted  as the optimum
training m iss ion  duration for two reasons.  The f i r s t  is that the most complex
of m i ss i on  p rocedu res  (Hohmann t rans fe r  f rom 105 -n  m i  o rb i t  to 130 -n  m i  and
back  to 105 -n  m i  o rb i t )  can be accomp l i shed  within the t h ree -o rb i t  const ra in t .
The second reason for l imiting the training m iss i on  to three orbi ts is that
anything longer  than the four and t h ree -qua r te r  hour ,  t h ree -o rb i t  m i ss i on
would be both unnecessa ry  and inconvenient.

The phases  and m iss i on  events compr is ing the nominal training m iss i on
are shown in f igure 3-1. The four variat ions in mission plan are:

e Bas i c  m i ss i on  - launch boos t ,  th ree  o rb i t s ,  re t rograde,  and entry

e Plane changes - launch boos t ,  -1 deg ree  plane change,  +1 deg ree
plane change ,  r e t r og rade ,  and ent ry

® Hohmann t r ans fe r s  - launch boos t  to  105 -n  m i  o rb i t ,  Hohmann
t rans fe r  to 130 -n  m i  o rb i t ,  c i r cu la r i ze  at 130 -n  m i ,  Hohmann
t ransfer  to 105-n m i  orbit, c i rcu lar ize at 105-n mi ,  re t rog rade ,
and entry

eo Transpos i t ion  and docking - launch boos t ,  j e t t i son  S - IVB ,  t r anspose
spacecraf t  and dock (5 feet f rom contact-AMS constraint),
re t rograde,  and ent ry .
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Table 3 -1 .

Miss ion  204A  Outline
(Re f .  SM2A-03 )

S-1B launch
S-1B shutdown and staging
S-IVB/J2 ignition
LES/BPC je t t ison

Acquisi t ion of 105-n  m i  orbit

Separat ions
SLA deploy CSM transposi t ion and

S- IVB viewing

F i r s t  delta V (2° plane change)

Second delta V (Hohmann transfer
f rom 105 to 130 n m i )

Third delta V (c ircular- igni t ion
at 130 n mi}

Fourth delta V (1° plane change)

Fifth delta V (. 8° plane change)

Sixth delta V (change to 85 /125 -
n m i  ell iptical orb i t )

Seventh delta V ( reduce  apogee
of e l l ip t ica l  orb i t )

Eighth del ta V ( r e t r o  f rom
85 n mi)

C/M-S /M separa t i on

C/M entry at 400, 000 ft

Apex cover  je t t i son

Splash

4 ,

Nominal Training M iss i on  Events
(Ref.  F igure  3-1)

Launch Boos t
Launch s i t e  - KSC az imuth - 72°
Thrust  durat ion - 10 :02
Launch date - 10 /1 /66

Orb i t  Inser t ion
Altitude - 105 n m i
Inclination - 31 ,69°
Orbit  durat ion - 88 m in /o rb i t

S- IVB  Je t t i son

5.3 Transposi t ion  and Docking

5.

10,

11.

12,

13,

Delta V
Plane change -1° to 30 .69°

inclination

Del ta  V
Initiate Hohmann t rans fe r  f rom

105 to 130 n m i

Del ta  V
C i rcu la r i za t ion  at  130 n m i

Delta V
Plane change of +1° to 31 .69°

inc l inat ion

Delta V
Initiate Hohmann t ransfer  f rom

130 to 105 n m i

Delta V
C i rcu la r i ze  at  105 n m i

Del ta V

C/M-S /M Separa t ion

. 05 G (S tar t  Entry)

Touchdown

Miss ion  Even ts ,  204A Ve rsus  Nominal M i ss i on

Remarks

AMS launch simulat ion is by NASA-
provided computer  t ape .

Step 3 is per table 3-8 of this volume
and is not required to explain m iss i on .

Docking c losure  s imulat ion in  the AMS
is to a minimum distance of 5 feet
between the CSM and S - IVB ,

Miss ion  204A involves a nonoptimum
t rans fe r ,  Nominal training m iss i on
uses optimum (180°)  t rans fe r ,  Va r ia -
t ions in the nominal m i ss i on  for
pu rposes  of simulating nonoptimum
transfer  are the sub jec t  of
paragraph 3 .2 .6 .5 .

M iss i on  204A (as defined in MSC Note
65-FM-58) invo lves re t r og rade  f rom
105 /124 -n  m i  e l l ip t ica l  o rb i t .  Nominal
training m iss i on  uses re t r o  f rom
105-n m i  c i r cu la r  o rb i t .  Var iat ions in
the nominal  m i ss i on  for pu rposes  of
pract ic ing entry f rom el l ip t ical  orbit
(105 /130  n mi )  are the sub jec t  of
paragraph 3 .2 .6 .2 ,

See remarks  for preceding i t em.

See remarks  for i tem 12/8 on final orbit,
Ret ro  f rom 105 n m i  c i rcu la r  orb i t  |retro, and ent ry .
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NOMINAL MISSION REFERENCE DATA.

As has been previously explained, the nominal training m iss ion  is
compr ised  of a basic dynamic m iss ion  on which four different m iss ion  plans
have been imposed .  It  is  the purpose  of the following paragraphs  to explain the
bas i c  dynamic m iss i on .

Launch -Boos t .

The launch-boost  simulation in the AMS integrated mode is by d i rect input
f rom the computer  complex of the Manned Spacef l ight  Contro l  Center  (MSCCQC).
In the nonintegrated mode, the input f rom the MSCC is synthesized by reading
a p repa red  computer p rogram (on tape)  into the same AMS channels that are
used  for  l aunch-boos t  input i n  the in tegra ted mode.

Only one tape is  provided with the SE 012 modi f icat ion of the AMS.  The
tape is  rep resen ta t i ve  of the launch-boos t  prof i le  of M i ss i on  204A as def ined at
the t ime the tape was p repa red .  F igure 3-2 i l l us t ra tes  the sur face  range,
ve loc i ty ,  and altitude cha rac te r i s t i c s  of the s imulated launch-boos t  with r espec t
to time. F igure 3-3 i l lus t ra tes  the geograph ic  t r ace  of the s imulated launch-
boos t .  The numer ica l  no tes  along the t r ace  denote seconds  af ter  l i f t -o f f .  The
two figures are provided for genera l  information. They should be useful in
i ns t ruc to r -ope ra to r  simulat ion of the MSFN during nonintegrated mode
operation,

The launch-boost  sequence of events is quite genera l  in f igures 3-2 and
3 -3 .  More spec i f i c  event ve rsus  t ime def ini t ion is as f o l l ows :

Inboard engine cutoff 0 :02 :20
Outboard engine cutoff 0:02:26
1st stage sepa ra t i on  0 :02 :28
2nd stage igni t ion 0 :02 :28
Je t t i son  LET  0 :02 :48
S- IVB  cutoff 0 :10 :02

Suborb i ta l  Abo r t s .

As explained in  paragraph 3 .2 .1 .1 ,  the s imulated launch-boos t  p rogram
in  the AMS is p reprogramed to a f ixed prof i le  represen ta t i ve  of the M i ss i on  204A
launch and ascen t .  Th is  s i tuat ion is  prohibi t ive to dynamic s imulat ion of
ascen ts  involving engine out,  excess i ve  ra tes ,  or low t h rus t / acce le ra t i on
launch s i tua t i ons .  However ,  th is  l imi tat ion does not p rec lude  in i t iat ion and
simulat ion of a l l  t ypes  of suborb i ta l  abo r t s .  Once abor t  in i t iat ion takes  p l ace ,
the p rep repa red  launch-boos t  p rogram is te rmina ted  and a full dynamic
simulat ion of the abor t  is  p rov ided .

Simulated abor ts  can be accomp l i shed  by e i ther  c rew  or i ns t ruc to r -
opera to r  inputs .  The c rew  ini t iat ion is  accomp l i shed  in  the same way as in  the
spacec ra f t ;  that i s ,  by twist ing the t rans la t iona l  hand cont ro l le r  coun te rc lock -
w i se .  Ins t ruc to r  s imulat ion of au to -abor t  is  accomp l i shed  through the
mal funct ion i nse r t i on  unit of the IOS .  I t  i s  des i r ab le ,  but  not necessa ry ,  to
prog ram some ind icat ion of boos te r  fa i lure to occu r  immediate ly  p r i o r  to the
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au to -abor t .  However ,  t ime l apse  f rom malfunction occu r rence  to abor t  in i t ia-
t ion mus t  be very  sho r t ,  as the e f fec ts  that boos te r  fa i lure would have on FDAI
and AGC ind ica tors  wil l  not mater ia l i ze  in  the p rep rog ramed  launch boos t
simulat ion. The MIU is also the means by which the ABORT REQUEST light in
the s imulator  command module is illuminated. Inst ruct ions for  i ns t r uc to r -
opera tor  use of the MIU in abor t  s imulat ion are  prov ided in  sec t i on  1, Volume II
of this handbook,

Seven d i f ferent  abort sequences  are s imulated in  the AMS,  Al l  are
depic ted in  i l lus t ra ted flow d i ag rams .  The di f ferent abor t  sequences  and the
f igures in which they are i l lustrated are as follows:

e LES abort  pad and low altitude (pad to 42 seconds  -0 to 10, 000 feet)

e LES abor t ,  low altitude (42 seconds  to 24, 000 fee t )

eo LES abor t ,  medium altitude (24, 000 to 120, 000 fee t )

e LES abort ,  high altitude (120, 000 feet to tower ie t t ison)

e SPS abor t ,  suborbi ta l ,  re t rog rade  for  Atlantic Range recove ry

e SPS abor t ,  suborbi ta l ,  pos ig rade  for Indian Ocean  recovery

eo SPS pos ig rade  to  o rb i t ,  f o r  m i ss i on  cont inuat ion (as a f fec ted  by  SPS
fue l  constraints).

Deta i ls  of the spacecra f t  abor t  sequences  are  prov ided in  the Apol lo
Opera t ions  Handbook (SM2A-03 ) .  A descr ip t ion  of the sequent ia l  events  contro l
sys tem simulat ion in  the AMS is  inc luded as paragraph 2 .7  in  th is  volume of
the ins t ruc tor  handbook.

Orb i ta l  Navigat ion.

Navigation while in  simulated orb i t  is  accomp l i shed  with the v isual
d isp lays  sys tem (desc r i bed  in  paragraph 2 .5 )  and the s imulated G&N sys tem
(desc r i bed  in  paragraph  2 .6 ) .  Simulated launch t ime is  14 :00 :00  (GMT)  on
October 1, 1966. Orbi tal  in ject ion is at 62.92 degrees west and 31,41 degrees
nor th .  The launch-boos t  resu l t s  in  a c i rcu la r  orb i t  at an altitude of 105 n m i
with an orbi ta l  incl inat ion of 31 .69  deg rees  and an orb i ta l  durat ion of 88 minutes
per o rb i t .  Orb i ta l  g round t r ace ,  day/night illumination, and landmark and
s ta r  v iews avai lable for  navigation are a l l  d i rec t  p roducts  of these pr imary
m iss ion  cha rac te r i s t i c s .

Orbi ta l  navigat ion in  the AMS is  accomp l i shed  by the landmark t racking
method ;  that i s ,  the c rewmember  v iews the MEP fi lm through the telescope,
al igns on se lec ted  landmarks,  and in i t iates a MARK input to the s imulated
Apo l lo  Guidance Computer (AGC) .  Th is  is the pr imary  method of orb i ta l  navi-
gat ion for  M i ss i on  204A.  A secondary  method of orb i ta l  navigation that can be
per fo rmed  in  the AMS and is to be used  in  M i ss i on  204A is  the s ta r - lunar  land-
mark  method.  The s ta r  re f rac t ion  method of navigation cannot be p rac t i ced  in
the AMS because  the opt ical  d is tor t ion  charac te r i s t i cs  of the ear th  a tmosphere
are not s imulated.
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Table 3-2 l i s t s  the ear th  landmarks that are s imula ted for  navigational
pu rposes  i n  the AMS v isua l  sys tem.  Table 3-3  l i s t s  the lunar landmarks,  and
table 3-4 l i s ts  ‘the navigational s ta rs .  Figure 3-4 through 3-19 graphical ly
descr ibe  the ground t race for the 16 orb i ts  s imulated in the  AMS. The cen te r -
l ine of the trace i l l us t ra tes  the nadir of the orbit:.on the ear th sur face.  The
t ime notes  along the bot tom are  m i ss i on  t ime f rom launch.  The nar row l ine
bo rde r i ng  the ground t r ace  ind ica tes  night phase and the wide double l ine shows
the approximate edges of the MEP f i lm.  The sma l l  numbered  c i r c l es  in  the
f igures identify the landmarks avai lable for  navigat ion pu rposes  during each
orb i t .  The numbers  identify each landmark in table 3-2. The large c i r c l es
identify those MSFN stat ions s imulated in  the nonintegrated mode of AMS
operat ion.  The rad ius  of each c i r c l e  dep l i c t s  the ef fect ive range of the s imu -
lated stat ion.  The simulated MSFN stat ions are l i s ted  in table 3-5.

Navigat ional s t a r s  are shown with r espec t  to the ea r th  su r f ace ,  the moon,
and the ground t r ace  fo r  each of the 16 o rb i t s  by means  of the b lue over lay  on
f igures 3-4 through 3-19. The stars shown are those l is ted in table 3-4,
Examination of f igures  3-4 through 3-19 wil l revea l  that the 16 orb i ts  shown do
not produce daylight i l lumination of Aust ra l ia  and Central  South Amer i ca .
Night phase (da rkness )  r es t r i c t i ons  and landmark use are even g rea te r  in  the
th ree -o rb i t  nominal m i ss i on .  Since the l16-orb i t  visual sys tem can continue
orbi ta l  simulat ion to a virtual infinity by re i te ra t ion ,  i t  is poss ib l e  to achieve
daylight illumination of a l l  landmarks as a function of s imulated e lapsed time.
However ,  i t  is a lso  both poss ib l e  and des i rab le  to d isab le  the day terminator
function of the AMS and thereby prov ide continuous daylight illumination of the
MEP fi lm s t r i p .  The nominal  t ra ining m iss i on  makes  extens ive use of the
latter method to faci l i tate landmark navigation.
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

rT

26

27
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Tab le  3 -2 .

Landmark

Cape Rece i f e  south  of Po r t  Elizabeth in  A lgoa  Bay

Cape St. F ranc i s  sou thwest  of Por t  E l izabeth  in
St. F ranc i s  Bay

Cape Agulhos southmost t ip of South A f r i ca

Cape of Good Hope

Northernmost t ip  of coas t  in  St. Helena Bay at town
ca l led  Stompneusbaai

Tip  of southern  bank at mouth of Orange  River

Northern t ip of peninsula at City of Durban

Southern tip of peninsula at town of Richards Bay

Westernmost peninsula located in Luderi tz Bay

Pel ican Point  in  Walvin Bay

Wes te rn  t ip of Ki lwa Island located in Lake Mweru

Southern t ip of i s land ca l led  Nosey Mangabe in
nor thern par t  of bay ca l led  Baie Antongil

Southern t ip of is land ca l led  Il l Saint-Mar ie at town
of Talav ia

Pointe Fenambosy loca t ion  on spit of land enc los ing
Bay ca l led  Baie De Fenembasy

Nor thern  t ip of peninsula ca l led  Cape Lopez
loca ted  in bay called Baie Du Cap Lopez

Extreme tip of sand bar beyond city of Mayoumba

Northern tip of shore l ine  in es tuary  ca l led
Estuaire Du Gabon

Tip of  pen insu la  in  harbor of Pointe No i re

Westernmost tip of peninsula about three statute
mi les  northwest of Dakar

Southeastern t ip of is land of Anjouan

Nor thern t ip of peninsula in Lake Tanganyika about
two statute mi les north of town Manga

Southern tip of peninsula cal led Cap Blanc

Fuawi Point on west coast  of Lake Nyasa

Western tip of. Boadzula Is land in southern  port
of Lake Nyasa

Western tip of Sherbro Island at town of Kambia

Northweste rnmost t ip  of coas t l ine  about three
statute mi les west of  Freetown

'Northernmost shore l ine of  l a rges t  is land in middle
o f  Lake Zua i ’

Latitude

S 34° 02'

S 34° 12°

S 34° 50'

S 34° 21'

S 32° 42

5 28° 38'

Ss 29° 52!

S 28° 48'

S 26° 38’

S 22° 53

S 09° 15°

S 15° 31'

S17°  07

S 25° 15'

S 00° 37

S 03° 23!

N 00° 21"

S 04° 46'

N 14° 44'

S 12° 22'

N 04° 03'

N 20° 46!

S 12° 56'

S 14° 16!

N 07° 34

N 08° 30"

-N 07° 57°

h—

Ter res t r i a l  Landmarks

Longitude

E 25° 42"

E 24° 50'

E 20° 01"

E 18° 29'

E 17° 58'

E 16° 27!

E 31° 03'

E 32° 05!

E 15° 05!

E 14° 26’

E 28° 29’

E 49° 46'

E 49° 49'

E 44° 21’

E 08° 43!

E10°  40'

E 09° 21'

E 11° 49'

Ww 17° 32!

E 44° 30'

E 29° 14

WwW 17° 03'

E 34°°19 '

-E 35° 08’

WwW 12° 57’

W 13° 17°

| E 38° 52°

WAC
Map

1421

1421

1422

1422

1422

1396

1398

1398

1302

1273

1055

1156

1173

1297

936

936

905

1027

697

1155

1030

575

1154

1154

818
780

810

Area /
Country

South  A f r i ca

South  A f r i ca

South A f r i ca

South  A f r i ca

South A f r i ca

South Af r ica

South A f r i ca

South A f r i ca

Southwest Africa

Southwest Afr ica

Southwest A f r i ca

Southwest  A f r i ca

Sou thwes t  A f r i ca

Southwest  A f r i ca

F rench  Co lon ia l
Ter r i to ry

F rench  Colonial
Ter r i to ry

French Colonial
Ter r i to ry

French Congo

French  Wes t  Afr ica

F rench  Wes t  A f r i ca

F rench  Wes t  A f r i ca

Maur i tania

Rhodes ia  and
Myasaland

Rhode s ia  and
Myasaland

Sierra Leone -

S ie r ra  Leone

Br i t i sh  Cameroons

Call
Up

001

002

003

004

006

007

008

009

010

016

017

018

019

020

021

026

028.

029

030

032

"033

035
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28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50
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Table  3 -2 .

Landmark

Any point on shorel ine of island ca l led  Daga in
lake ca l led  T 'Ana

Some point at city of Bathurst

Southern t ip of westernmost island in group of
i s l ands  ca l l ed  I l es  De  Los  six statute m i l es  wes t
of Conakry

Southern t ip of sand bar cal led Ponta Da Macaneta

Southern t i p of pen insu la  jutt ing into bay ca l led
Baia De Inhambane

Nor thern  t ip  of  i s land ca l led Ilha De Bazaru ta

Shorel ine at mouth of river Rio Pungue near town
of Be i ra

Highest point (9760 ft) on island of  Fogo

Northern t ip of l a rge  sp i t  of land ca l led Punta Da
Marca

Tip of  sand bar  in  Ha rbo r  of Luanda

Northern tip of peninsula jutting into mouth of
Congo R i ve r ,  town of Santa Antonia Da Za i re

Either sou thern  tip of peninsula ac ross  Rusinga
Channel at mouth of Kavirondo Gulf or northern
tip of Rus inga Island

Northern  tip of South Island which is located in
Lake Rudolf

Northernmost shorel ine of North Is land in Lake
Rudol f

Cape Rhir  on coast  of Mo rocco

Western  tip of Goba Is land in Lake Tanganyika

Eas te rn  tip of Akerewe Is land oppos i te  town of
Rugenz i  Ukerewe Is land  located in  Lake Victor ia

Nor thern  t ip of Mafia Is land about 7.5 statute
mi les  north of town Kanga

Northern t ip of Zanzibar Is land at town of
Mwanda

Nor thern  t ip of Pemba Island about 3. 5 statute
mi les  nor th  of town of M ipe ran

Southernmost t ip of is land of La Palma at point
ca l led  Punta De La  Fuencal iente

Wes te rnmos t  tip of is land of Tenerife about 2.5
statute mi les west of the town ca l l ed  Buenavista

Fasternmost tip of island of Tenerife about 2
statute mi les nor th  of town Igueste

Latitude

N 11° 53'

N 13° 27’

N 09° 27!

S 25° 52!

S 23° 44'

S 21° 31'

519°  51"

N 14° 57!

S 16° 31!

S 08° 45!

S 06° 04'

5 00° 24!

N 02° 38

N 04° 05'

N 30° 37

S 06  ° 28 !

S 02° 06'

S 07° 38!

S 05° 44'

S 04° 53'

N 28° 27’

N 28° 20!

N 28° 35'

Ter res t r i a l  Landmarks (Cont)

Longitude

E 37° 18’

W 16° 35!

W 13° 50

E 32° 45

E 35° 25!

E 35° 29'

E 34° 50'

|W  24° 21°

E 11° 42!

E 13°  16'

E 12° 20'

E 34°17

E 36° 37

E 36° 02'

W 09° 54!

E 29° 50!

E 33°12 '

E 39° 55!

E 39° 18'

E 39° 41°

W 17° 50'

W 16° 55'

W 16° 07’

WAC
Map

789

697

780

1299

1276

1276

1176

699

1179

1057

1027

932

910

810

454

1030

932

1031

1031

1031

455

455

455

Area l
Country

Br i t i sh  Cameroons

Gambia

Guinea

Gaiinea

Guinea

Guinea

Guinea

Cape Verde Is land

Cape Verde Island

Cape Verde Is land

Cape Verde Is land

Kenya

Kenya

Kenya

Morocco

Zanz iba r  and
Tanganyika

Zanz ibar  and
Tanganyika

Zanz ibar  and
Tanganyika

Zanz iba r  and
Tanganyika

Zanz i l a r  and
Tanganyika

Canary Is lands
(Spain)

Canary Is lands

Canary Is lands

Call

Up

037

038

039

040

041

042

043

044

045

046

047

050

051

052

053

054

055

056

057

058

059

060
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51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72
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Landmark

‘Northernmost t ip of is land of Gran Canaria at por t
of city of Las Palmas

Southernmost t ip of i s land ca l l ed  Is le  De
Fuer teventura at point ca l led  Punta De Jandia

Southern t ip of peninsula ca l led  Peninsula De Yala
at point ca l led  Punta Durnford
Nor thwestern  t ip of compound spit at point ca l led
Punta Carducc i .  The spit  is ca l led  Penisoha  D i
Hafun

Cabo De Vela on peninsula cal led De Guajura  in
northern Columbia

Southwestern tip of is land cal led Is le  De Baru .
It is one of group of is lands cal led Is las  De El
Rosa r i o

Cape ca l led Cabo Corr ientes located in Gulf of
Panama

Southern t ip of cape cal led Cabo Marzo  located in
Gulf of Panama

Cape ca l led  Cabo Cadera east of city of Ca racas

Eas te rn  t ip  of i s l and  ca l l ed  Enterpr ise (Leguan)
at mouth of Essequ ibo  River

Town oppos i te  a i rpor t  ca l led Los Pe ra les  at
ent rance to bay ca l led  Bahia De Caraquez

Tip of coast ca l l ed  Ponta Da Ba le ia  nor theast  of
town Armacao

Southeastern tip of Ilha De Sao Sabast iaa

Small is land cal led Cabo F r io  east of l a rge  sand
ba r  about 80 statute m i l es  due eas t  o f  Rio De
Jane i ro

Point of  land on sou r the rn  bank o f  mouth of
Para iba R iver  at  town of  Atafona

Point  of  land a t  mouth of  r i ver  near  town of
Espir i to  Santo De Vi tor ia

Mouth of canal De Sao Goncato east of city of
Pe lo tas

Ei the r  Santa Ri ta A i r po r t  (runway 6500 ft) o r  tip
of peninsula at town of Gabedelo

Ponta Manguinho located  at mouth of San
F ranc i sco  River

Southern t ip of Salvador City loca ted  in bay cal led
Bahia De Todos Os Santos

Pinto Mart ins A i r po r t  (runway 6900 ft) o r  t ip of
Ponta Da Muc i r ipe  near For ta leza  on northeastern
coast  of B raz i l

Punta Das  Dese r tes  loca ted  in  northern sec t i on  of
lake Dos  Patos

Latitude

N 28°11 "

N 28° 04'

N 23° 40'

N 10° 33!

N 12° 13'

N 10° 08!

N 05° 29’

N 06° 51'

N 10° 35'

N 06° 57'

S 00° 36'

S 17° 42

S 23° 58'

S 23° 00'

Sz21° 37

S 20° 19'

S 31° 47

S 06° 58'

S 10° 31'

S 13° 01'

S 03° 42'

S 30° 26'

Ter res t r i a l  Landmarks (Con t )

Longitude

W 15° 24’

W 14° 30

W 16° 02!

E 51° 10"

W 72° 10!

W 75° 42'

W 77° 33!

W 77° 42°

W 66° 03'

WwW 58° 20'

W 80° 25"

W 39° 08'

W 45° 15°

W 41° 59°

W 41°  01!

W 40° 16'

W 52° 14!

W 34° 50'

W 36° 24°

WwW 38° 33'

W 38° 28'

W 50° 54'

WAC
Map

455

455

575

791

707

770

829

829

771

826

951

1189

1262

1263

1263

1263

1384

1018

1066

1141

944

1384

Area /
Country

Canary Is lands

Canary Is lands

Spanish Sahara

Somali Republic

Columbia

Columbia

Columbia

Columbia

Venezue la

Venezue la

Ecuador

Brazil

Brazi l

Braz i l

Braz i l

B raz i l

Braz i l

Braz i l

B raz i l

B raz i l

B raz i l

Braz i l

CallUp

061

062

063

064

065

066

067

068

075

077

080

081

082

083

084

085

086

088

090

091

095

096
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73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96
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Landmark

Wes te rn  edge of sand bar where ra i l road br idge
c rosses  lagoon ca l l ed  Lagoa Imarui

Southern t ip of sand bar eas te rn  side of lagoon
ca l l ed  Lagoa Dos Patos., Landmark located
south of  the town Pontal Da  Ba r ra  at  breakwater

Tip of coast l ine jutting into bay Bahia De Sechuro
ca l led  Punta Aguja

Tip of coas t  ca l led  Punta Parinas nea r  town of

Negr i tos  loca ted  south of l a rge  o i l  f ie ld

Punta Lachay near town of Las Sa l inas

Southern t ip of pen insu la  in  bay Bahia De Samanco

Tip of peninsula jutt ing out f rom city of Lima off
is land of San Lorengo

I s land  ca l l ed  I s l a  San  Gal lan wes t  o f  peninsula
Pa racas

Punta Parada  l oca ted  on  south sho re  o f  San Juan

Bay

Punta Tinaja located  on coast near Pan Amer ican
Highway

Punta Co les  near  Ilo A i rpo r t  and south of town I lo

Is la  De Panza in lake ca l led  Lago De Poopo
northwestern tip of is land

Northern t ip of peninsula in lake T i t icaca oppos i te
is land ca l led  Is la  De T i t icaca

Southern t ip Punta Del  Este south of San Car los
about 85 statute mi les  due east of Montevideo

Southern tip of  pen insu la  jut t ing ou t  f rom San
Diego Harbor

Nor thern t ip of Santa Catal ina Is land

Where runways meet  with tip of peninsula south of
Por t  Roya l  off  coas t  of South Carolina

Tip of o f fshore sand bar ca l led  Cape Lookout off
coas t  o f  Nor th  Ca ro l i na

Southern  t ip of Cape Fea r ,  a cuspate delta in mouth
of Cape Fear  r i ve r  near Wilmington, North Carol ina

A i rpor t  (Schales F ie l d )  on Galveston  Is land in Gulf
of Mex i co  off coas t  of  Texas

Tip of point  jut t ing into bay near Corpus  Christ i ,
Texas

Westernmost tip of Key West Is land

Southern t ip of break in of fshore bar at B iscayne
Bay off east coast  of F lor ida

Tip of Cabo Haro (south t ip)  near Guaymas in
Gulf of California

Lat i tude

S 28° 26"

S 32° 09’

S 05° 47!

S 04° 40

S 11°18 ’

S 09° 14'

S 12° 04'

S 13° 50

5 15° 22"

S 16° 15

S 17° 43’

S 18° 43!

S16°  03'

S 34° 58'

N 32° 39!

N 33° 28'

N 32° 18'

N 34° 35!

N 33° 51!

N 29° 16'

N 27° 41'

N 24° 32.

N 25° 40'

N 27° 50°

Longitude

W 48° 50'

W 52° 04'

WwW 81° 04'

Ww 81° 20

Ww 77° 39!

W 78° 34!

Ww 77 °10

W 76° 27

Ww 75° 12"

W 73° 43'

W 71° 23!

W 67°  12°

W 69° 08'

W 54° 57°

W 117° 14!

W 118° 36'

W 80° 40'

WwW 76° 32!

W 77° 58'

W 94° 51

W 97° 14:5’

W 81° 48

Ww 80° 09!

W 110° 53!

WAC
Map

1384

1433

1011

1011

1073

1073

1135

1135

1135

1194

1194

1195

1194

1433

404

404

409

410

410

468

522

520

Area /
Country

Braz i l

B raz i l

Peru

Pe ru

Peru

Pe ru

Pe ru

Peru

Peru

Peru

Peru

Bo l i v ia

Bol iv ia

Uruguay

United S ta tes

Un i ted  S ta tes

United S ta tes

Uni ted S ta tes

Un i ted  S ta tes

Un i t ed  S ta tes

Un i ted  S ta tes

Un i ted  S ta tes

Uni ted S ta tes

Mex ico

Call
Up

097

098

099

100

101

103

104

105

106

107

108

109

110

118

119

125
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97

98

99

100

101

102

103

104

105

106

107

108

109

114

119

120

121
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Landmark

Tip of Punta Fa l sa  off Lower  Cal i forn ia in
Nor th  Pac i f i c  Ocean

Tip of Punta Ab reo jos  off Lower  Cal i forn ia in
North Pac i f i c  Ocean

Punta Tosca ,  southern  t ip of Is le  Magdalena off
Lower  Ca l i fo rn ia  in  No r th  Pac i f i c  Ocean

Tip of pen insu la  in Bahia De La Paz near La Paz

Tip of Cabo San Lucas at head of Lower
California

Southern t ip of Mazatlan on West Coast  of Mexico

Lighthouse at Cabo Co r r i en tes  on  wes te rn  coas t
of Mexico

Mouth of R io  Panuoo nea r  Tampico on eas te rn
coas t  of  Mex ico

Point of land jutt ing into Pacific Ocean called
Cabo Santa Elena

Pen insu la  off wes te rn  coast  of Costa R ica  at point
ca l l ed  Cabo B lanco,  flashing l ight 2 m i les  offshore

Tip of peninsula in bay ca l l ed  Bahia Charco Azul
point at pen insu la  ca l l ed  Punta Bu r i ca

Spit of land in Balboa Harbor  in Panama City

Eas te rn  tip of the is land Is la  Coiba ca l led
Punta Anegade wes te rn  coast of peninsula De Azuero

Tip of Cabo De Tres  Puntas in Gulf of Honduras

Wes te rn  t ip of Grand Bahama Island at west end
of set t lement

Simms Point on  New Prov idence Is land

Powe l l  Point on  E leu the ra  Is land about  6 statute
m i l es  no r thwes t  o f  F ree  Town

Nor thern  t ip of E leuthera Is land about 5 statute
mi les  nor thwest  of Gregory Town oppos i te  Northern
E leu thera  Is land

Southern t ip of Long Island at point ca l led
Cape Verde

| Columbus Point at southern tip of Cat Island

Southern t ip of Cast le Is land about 4 statute miles
south of Ackl ins Is land

Southwest point  of Mayaguana Is land

Northwest  Point on  G rea t  Inagua Is land

Any point  on sou thern  t ip  of  Grand Turk  Is land

Weste rn  t ip of sand bar ou ts ide  city of Kingston
in Jamaica

Lat i tude

N 27° 51"

N 26° 43'

N 24° 19!

N 24° 11'

N 22° 52'

N 23° 11!

N 20° 25’

N 22° 16°

N 10° 54'

N 09° 34’

N 08° 02'

N 08° 53"

N 07° 20!

N 15° 57!

N 26° 41'

N 25° 02'

N 24° 52

N 25° 26'

N 22°  51!

N 24° 08'

N 22° 07!

N 22° 22!

N 21° 07’

N 21° 26'

N 17° 56'

Ter res t r i a l  Landmarks (Cont)

Longitude

W 115° 05'

Ww 113° 37°

W 111° 42'

W 110° 19:5 !

WwW 109° 54!

W 106° 25'

W 105° 42.5 !

W 97° 48'

W 85° 58!

Ww 85° 07’

W 82° 52'

WwW 79° 32°

W 81° 36'

WwW 88° 37!

W 79° 00'

W 77° 35°

W 76° 20'

W 76° 36'

WwW 74° 51"

W.75° 16’

W 74° 20°

W 73° 11°

W 73° 40°

WwW 73° 9!

WwW 76° 51!

WAC
Map

519

520

520

591

590

590

589

768

768

768

769

830

710

526

526

526

526

585

526

585

585

585

585

647

Area /
Country

Mex ico

Mexico

Mex ico

Mex ico

Mex ico

Mexico

Mexico

Mexico

Cos ta  R i ca

Cos ta  R i ca

Cos ta  R i ca

Cos ta  R ica

Cos ta  R i ca

Guatemala

Bahama Is lands

Bahama I s lands

Bahama Is lands

Bahama I s l ands

Bahama Is lands

Bahama I s lands

Bahama I s l ands

Batama I s l ands

Bahama I s l ands

West Ind ies (UK)

Wes t  Indies

Call
Up

132

134

136

137

139

144

145

146

147

148

149

154

155

156

157

158

159

160

161

162

163
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122

123

124

125

126

127

129

130

131

132

133

134

136

137

138

139

140

141

142

143

144

145

146

147
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Landmark

South Neg r i l  Point on wes te rn  t ip of Jamaica
Is land

Westernmost tip of Anguil la Is land

Highest  point (3596 ft) on Nevis Is land

Nor theas te rn  t ip of Trinidad at Ga le ra  Point

Galeo ta  Point  sou theas te rn  extremity of  Trinidad
Is land 3.5 statute m i les  southeast of town
Guayaguayere

Any feature on Grand Cayman Is land such as
Conch Point

Any point  in mouth of Guantanamo Bay

Wes te rn  t ip of I le de la Tor tue cal led Pointe Ouest

Cabo Fa lso  in bay ca l led  Bahia de las Agui las on
is land  of Hispanio la

Any point on t ip of land cal led Cabro Cabron in
Dominican Republ ic

Southwestern tip of Puer to Rico at a point ca l led
Cabo Rojo

Westernmost t ip of Puer to R i co  at  po in t  ca l l ed
Punta H iguera

Some fea tu re  in  ha rbo r  of  San Juan

Eastern  tip of Grande-Ter re  Is land at point ca l led
Pointe des Chateaux

Tip of peninsula on eas te rn  coast of Mart inique
about 6. 5 statute m i les  east of the town of
La  T r in i te

Hawaii Is land at point ca l led  Ka He iauo Ka la lea
(South Cape)

Eas te rn  tip of Hawai i  Is land at point  ca l led  Cape
Kumukahi

Kaena Point on wes te rn  t ip of Oahu Is land

Cape Halawa on eas te rn  tip of Molahai  Is land

Northernmost tip of Kangaroo Is land at Point
Marsden  60 m i l es  southwest  of Ci ty  Adela ide

Southwest t ip of Yorke  Peninsula at Corny Point

Southwest t ip of Coffin Bay Peninsula at Point
Widbey

Id

Southwest t ip of Kangaroo Island a t  Cape Du Conedie

Northern t ip of Wardang Is land at Island Point

Any por t  at e i ther Port  Augusta or Port  Augusta
West

Sugarloaf  Point approximately 110 m. m.  nor theast
of Sidney

Lat i tude

N 18° 16'

N 18° 10’

N 17° 09'

N 10° 50

N 10° 08'

N 19° 23!

N 19° 54!

N 20° 04!

N 17° 46'

N 19° 21'

N 17° 56'

N 18° 22!

N 18° 28'

N 16° 15"

N.14°  46'

N 18° 55'

N 19° 31'

N 21° 34

N 21° 09'

S 35° 34'

S 34° 54'

S 34° 35!

S 36° 04'

S 34° 27

S 32° 29'

S 32° 26°

Ter res t r ia l  Landmarks (Cont)

Longitude

W 78° 22°

W 63° 11°

W 62° 34!

W 60° 54!

W 60° 59!

Ww 81° 22!

W 75° 10°

W 72° 59!

W 71° 42'

Ww 69° 12!

W 67° 12'

W 67° 16°

W 66°07

W 61°11 ’

W 60° 53"

W 155° 41"

W 154° 49!

W 158° 17!

W 156° 43°

"E 137° 38'

E 137° 00'

E 136° 06'

E 136° 41"

E 137° 22'

E 137° 46!

E 152° 31'

WAC
Map

647

649

649

772

772

646

585

585

648

648

648

648

648

649

705

634

634

599

599

1458

1458

1458

1468

1458

1458

1456

Area/
Country

West Indies

West Indies

West Indies

West Ind ies

West Indies

Wes t  Indies

Cuba

Hai t i

Hispan io la

Dominican Republic

Puerto R i co

Puerto R ico

Puerto R i co

Guadaloupe (F rance)

Windward I s l ands

Hawaii

Hawai i

Hawa i i

Hawa i i

Aus t ra l i a

Aus t ra l i a

Aus t ra l i a

Aus t ra l i a

Aus t ra l i a

Aus t ra l i a

Aus t ra l i a

Call
Up

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

182

183

184

185

186

187

188
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L /M  WAC A rea l  Call
No. Landmark Lat i tude Longitude Map Country Up

148 | Point at ci ty of Sidney such as Po r t  Jackson  or S 33° 51  E 151° 17 1456 | Aus t ra l i a  190
Cape Banks

149 | Southernmost  tip of Cape A r i d  southeast  of Tagon S 34° 02' E 123° 09° 1460 | Aust ra l ia  191
Harbour and southwest  of Sandy Bight

150 | Cape  Le  Grand  sou theas t  of  Espe rance  Bay S 34° 00"  E 122°  05'  1460 | Aus t ra l i a  192
southeast  of M i ss i ss i pp i  Bay

151 | Any point at city of Albany in King George  Sound S 35° 02' E 117° 55! 1461 | Aus t ra l i a  193

152 | Cape Natura l is te  located  in Geographe Bay S 33° 32! E 115° 00' 1461 | Aus t ra l i a  194

153 | Cape Leeu in  at F l i nde rs  Bay S 34°23 "  E 115°  08'  1461 | Aus t ra l i a  195

154 | Mouth of Swan River  at City of Perth S 32° 03" E 115° 44! 1461 | Aust ra l ia  196

155 | Nor thern t ip of lagoon at town ca l l ed  Bal l ina S 28° 52! E 153° 35' 1357 | Aust ra l ia  197

156 | Cape Pe ron  at nor thern t ip of Pe ron  Peninsula S 25° 32  E 113° 29' 1346 | Aus t ra l ia  198
between D i rk  Har tog Is land on mainland

157 | Southern tip of Do r re  Is land at point ca l l ed  Cape S 25° 18' E 113° 05' 1346 | Aust ra l ia  199
St C r i cq

158 | Pointe Lookout  which is nor theas te rn  t ip of North S 27° 25' E 153° 33' 1340 | Aus t ra l i a  200
Stradbroke Is land

159 | Cape Moreton  which is nor theas te rn  t ip of More ton  Ss 27° 02  E 153° 28’ 1340 | Aus t ra l i a  201
Is land

160 | Double Is land Point  l oca ted  at Wi lde Bay S 25° 56  E 153° 11' 1340 | Aust ra l ia  202

161 | Sandy Cape located at nor thern t ip of F rase r  S 24° 42' E 153° 16' 1340 | Australia 203
Is land

162 | Easternmost point at t ip of North West Cape S 21° 49' E 114° 11° 1229 | Aust ra l ia  204

163 | Nor thwes te rn  t ip of Legendre  Is land S 20° 21' E 116°  50' 1229 | Aus t ra l i a  205

164 | Pasco Is land loca ted  off southern  t ip of Bar row S 20° 58' E 115° 21°’ 1229 | Austra l ia  206
Is land

165 | Nor thern t ip of South Is land which is one of Percy  S 21° 43! E 150° 21' 1235 | Aust ra l ia  207
Is lands

166 | Gantheaume Point just  north of Roebuck Bay S17°  59  E 122° 10’ 1223 | Aus t ra l i a  208

167 | Cape Bowl ing Green in nor thern t ip of sandbar S 19° 19' E 147° 25' 1219 | Aus t ra l i a  209

168 | Eas te rn  t ip of Great  Palm Is land one of Palm S 18° 46' E 146° 42' 1219 | Aus t ra l i a  210
Is lands off eas te rn  coast of Austra l ia

169 | Cape Fo rd  l oca ted  southwest  of Anson Bay S 13° 26' E 129° 53! 1109 | Aus t ra l ia  211

170 | Cape Hay loca ted  southwest  of Hyland Bay S 14° 03' E 129° 28’ 1109 | Aus t ra l i a  212

171 | Any point  at city of Darwin S 28° 12! E 130° 51! 1109 | Aus t ra l ia  213

172 |Southwest t ip of Mar ia  Is land loca ted  in Limmen S 14° 55! E 135° 41' 1110 | Aus t ra l i a  214
Bight

173 |Southern t ip of Duifhen Point on wes te rn  coast of S 12° 33! E 141° 39' 1111 | Aus t ra l ia  215
Cape Yorke Pen insu la

174 | Cape D i rec t ion  located east of Lloyd Bay S 12° 51° E 143° 32' 1111 | Aust ra l ia  216

3-18
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175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

194

195

196

197

198

199
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Landmark

Cul len  Point  at bay ca l l ed  Por t  Musgrave  on west
coast of Cape Yorke  Peninsula

Cape Croke r  on nor thern  tip of Croker  Is land

Nor theas t  Point  on Chr is tmas Island

Tand joeng  Poerwa at wes te rn  t ip of i s l and  ca l l ed
Sh iere i land  Poerwa

Nor thern  t ip of pen insu la  ca l l ed  Tandjoeng
Somboeloengan nor th  of Sch ie r i l and  Poerwa

Tandjoeng Sasar pen insu la  on northernmost point
of Soemba (Sumba) I s land

Lambok Is land southeast  t ip of Lake Anak Meer
west of act ive vo lcano ca l l ed  Goenoeng Rindjani

Tandjoeng Gede (Java Head) at wes te rn  t ip of Java

Bal imbing at southern t ip of Sumatra and wes te rn
tip of peninsu la  forming Semangko Bay with
mainland

Taboe toe le  I s land  6 f  Sou thwes t  Ce leb res  in  s t r a i t
ca l led  Salajak

Southern t ip of Sala jak Is land south of Southwest
Celebes |

Tandjoeng (Cape) Berikat on east t ip of Bangha
Is land in South China Sea

Tandjoeng (Cape )  Djang on  east  t ip of Poe lan
( Is land)  Lingga

Tandjoeng Karang in Nor thern  Ce lebes

Kaap (Cape) Wi l l i ams  on wes t  coas t  of  Ce lebes  at
bay ca l led  Mamoedjuebaai

Hoek (Cape) Van Mandar in wes te rn  Ce lebes

Town of Poped i  on peninsu la  off north Celebes
Is land

Tanjong Sial  on southwestern  t ip of Saram Is land

Udjung (Po in t )  Batu Mamak south of the Teluk
( in le t )  Tapanul i

Isthmus where Pulau I s l and  in L.ake Danan Toba
jo ins mainland of cent ra l  Sumatra

Some feature in v ic in i ty  of city of S ingapore

Tanjong (Cape )  Datu at nor thwes t  t ip  of  Bo rneo  at
borde r  between Indonesia and nor thwest  Sarawak

Nor thern  t ip of Pulau Lembeh Is land off nor theast
coast of Ce lebes

Tanjong B isoa  at nor thern  t ip of Halmakera Is land
one of Molucca Is lands

Eas te rn  tip of Halmakera Island at point ca l led
Tanjong Ngolopopo

Lat i tude

S 11° 58'

S 10° 57'

S 10° 24'

S 08° 45'

S 08° 27'

S 09° 15

S 08° 25

S 06° 45!

S 05° 55!

S 05° 39!

S 06° 30'

S 02° 34

S 00° 18!

S 00° 38'

S 02° 37

S 03° 34!

S 00° O1'

S 03° 33!

N 01° 33!

N 02° 36'

N 01° 15'

N 02° 05!

N 01° 33"

N 02° 13'

N 00° 12'

Ter res t r i a l  Landmarks (Cont)

Longi tude

E 141° 55!

E 132° 36°

E 105° 45!

E 114° 21"

E 114° 24’

E 119° 56'

E 116° 25'

E 105° 12!

E 104° 33'

E 120° 26'

E 120° 29!

E 106° 50'

E 105° 00'

E 119° 45'

E 118° 48'

E 118° 56'

E 119° 40'

E 127° 55'

E 98° 43!

E 98° 41'

E 103° 49'

E 109° 38'

E 125° 17!

E 127° 57

E 128° 54'

WAC
Map

1097

1099

1103

1102

1102

1101

1101

981

981

984

984

980

980

978

978

978

978

976

920

920

860

861

863

864

864

Area l
Country

Aus t ra l i a

Aus t ra l i a

Aus t ra l i a

Indones ia

Indones ia

Indonesia

Indones ia

Indones ia

Indones ia

Indones ia

Indones ia

Indones ia

Indones ia

Indones ia

Indones ia

I ndones ia

Indonesia

Indones ia

Indonesia

Indonesia

Indones ia

Indonesia

Indonesia

Indonesia

Indonesia

Ca l l

Up

217

218

219

220

221

222

223

224

225

227

229

230

231

232

233

"234

235

236

237

238

239

240

241

242
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200

201

202

203

204

205

206

207

208

209

210

211

212

213

215

216

217

218

219

220

221

222

223

224

225
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Tab le  3 -2 .

Landmark

Tanjong Sempand Mangayau north of town of
Ke re tang  in North Borneo

Tanjang Baram south of mouth of Batang Baram
River  in Sarawak

Nor theast  t ip of Ko Joi I s land  in lagoon called
Lake Linang at point where i s l and  is nearest
sandbar

Poelau Jaco  a small i s l and  at eas te rn  t ip of T imor
Island (highest point 266 ft)

Town of Oisina at t ip of T imor  Is land

Southeast t ip of Poelau ( Is land) Adi  off New Guinea

Singer  Is land in  Lake Wisdom l oca ted  in Long
I s land

Tandjoeng Fatagar on western t ip of Schiere i land
(Peninsula) Onin

Tandjoeng Woka on  wes te rn  t ip of Japan Island
north of Geelvink Bay

Tandjoeng Menor i  nor thwest  of Geelvink Bay

Southern t ip of Cape San Agustin on southeastern
Mindanao Is land

Pucia Point southwest  t ip of a peninsula on Panay
Is land wes te rn  end of Ranlan Bay

Sangley Point in Mani la Bay on Luzon Island

Cape San I ldefonsa on southern tip of San
Ildefonso Pen insu la  eas t  coas t  Luzon I s land

Taguntun Point at southern t ip of Cantanduanes

Cape Zelee at southern t ip of Maramasika Island

Cape St George at south t ip of New Ireland Island

Nor thern  t ip of  pen insu la  in  Lake Dakataua near
northern coast of New Br i t ian Is land

Motupena Point off wes te rn  coas t  of  Bougainvi l le
I s land

Cape Cumberland at nor thern t ip of Espiritu Island

North Point on Aurora Is land

Cap Lefevre on wes te rn  tip of I le Lifou

Cap Ouabao at southwestern tip of Ile Mare

Nor thwest  t ip of I le ( Is land) de Phu Quoc in Gulf
of Saim

Cap (Cape )  Saint  Jacques off southwest coas t  of
Vietnam 40 m .m.  sou theas t  o f  Sa igon

Southern t ip of peninsula south of town of Ba Gia
east  of Honlon Island

Latitude

N 07° 03'

N 04° 35

N 07° 35°

S 08° 26°

S 10°  21 '

S 19° 4

S 05° 19'

S 02° 46'

S 01° 36'

S 00° 51°

N 06° 15'

N 11° 46'

N 14° 30'

N 16° 02’

N 13° 31'

S 09° 48"

S 04° 54’

S 05° 00

S 06° 31'

5 14° 37

5 14°  55!

S 20° 55

521°  36

N 10° 22!

N 10° 19

N 12° 34!

E

Ter res t r i a l  Landmarks (Cont)

Longitude

116°  45'

113° 58'

100° 18

127° 19°

123° 26

133° 36!

147°  05!

131° 57!

135° 25!

134° 08'

126° 11!

121° 50°

120° 54'

121° 59°

124° 12'

161° 33'

152° 53"

150° 06'

155° 10'

166° 37!

168° 06'

167° 02°

167° 50°

103° 51°

107° 05'

109° 26’

WAC
Map

857

857

1100

1100

986

988

976

975

975

855

742

735

620

735

1094

989

989

990

1115

1115

1238

1238

739

739

739

Areal
Count ry

Nor th  Bo rneo  and
Sarawak

Nor th  Bo rneo  and
Sarawak

North Borneo and
Sarawak

Portuguese Timor

Por tuguese  Timor

New Guinea

New Guinea

New Guinea

New Guinea

New Guinea

Phi l ipp ines

Phi l ippines

Phi l ipp ines

Philippines

Phil ippines

Southwest  Pac i f i c

Southwest  Paci f ic

Southwest  Pac i f i c

Southwest  Paci f ic

Southwest  Pacific

Southwest  Paci f ic

Southwest  Pac i f ic

Southwest Pacif ic

Vietnam

Vietnam

Vietnam

Cal l
Up

243

244

245

246

247

248

249

251

252

253

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269
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226

227

228

229

230
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Table 3 -2 .  Te r res t r i a l  Landmarks (Cont)

Landmark

Town of Konlie at northern tip of Babelthuap Is land
one of Palau Is lands

Southwestern t ip of Yap Island one of Carolina
Is lands

Some point  in Apra  Ha rbo r  on Guam Island

Northern t ip of Aruba Island at town of Kudarebe

Nor thern  t ip of peninsula ca l led  Puenta San
F ranc i sco  Solano loca ted  in gulf ca l led  Gulfo De
Cupica in Gulf of Panama

Latitude

N 07° 43'

N 09° 26'

N 13°27

N 12° 37!

N 06° 17'

Longi tude

E 134° 37°

E 138° 04'

E 144° 37°

W 70° 04'

Ww 77° 28'

WAC
Map

854

744

731

707

829

Areaf
Country

Nor thwes t  Pac i f i c

No r thwes t  Pac i f i c

Nor thwes t  Pacific

Ne ther land  An t i l l es

Columbia

Call
Up

270

271

272

273

069



UDL
Ca l l  Up

001
002
003

004
005

006
007

008
009
olo0

0 l l
012

013
014

015
016

Terminator

1. IAU No.
2. IAU No.
3. IAU No .

Terminator

4,  IAU No.
5.  IAU No.

Terminator

6. IAU No.
7. IAU No.

Terminator

8. IAU No.
9.  IAU No.

10.  IAU No.

Terminator

11 .  IAU No.
12.  IAU No.

Terminator

13. IAU No.
14.  IAU No.

Terminator

15. IAU No.
16. IAU No.

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

at 024° Longitude

4336 Magelhaens
267 Vitrovius
519 Dawes

at 012° Longitude

536 Arago
553 Dionipius

at 000° Longitude

606 Sult icius
3607 Pickering

at 348° Longitude

891 Conon
1212 Bode
3021 Lassell

at 336°  Longitude

1500 Gambar t  C
1497  Gambart

at 324° Longitude

1438 Gay -Lassac
1519 Hor tens ius

at 312° Longitude

2412 Gassend i A
2443 F lams teed

SMé6T=-2-02

Table 3-3 . Lunar Landmarks

Longitude

44°
33°
26°

21°
17°

11°
7°

1°

357°
352°

348°
344°

339°
332°

320°
315°

NOTE:  Landmarks f rom Army Map Service (AMS) l i s t ,
landmarks mus t  provide for an illuminated moon to the r ight (east)  of the terminator,

57!
47'
19!

22!
16!

39!
00'

57'
34!
08'

131
48"

41!
05!

18!
41’

24"

47M

37"

57
31"

06"

09"

48"

57"
451

ENA

12

3m

08"

08 "

39 "

Latitude

-12°
17°
17°

6°

2°

19°
-2°

21°
6°

-15°

3°

0°

13°

-15°
-4°

40'
46"
13!

10!
48'

35!
50!

37!
44!
26'

20!
57!

10'
28"

31
29!

52"

28"
o3"

31 "

04 "

26 "

10"

56"

36 "

24"

46

00 '

39"

13 "

19 "

38 "

The te rminator  for  each  se t  of  the cal ibrated
IAU

r e fe r s  to  the International Ast ronomica l  Union numbers f rom the Named Lanar Formations.
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Table  3 -4 .  AMS Navigation Stars

UDL Right
Cal l  Up Generic Name | Star Name Magnitude Ascens ion  Decl inat ion

001 aAndromedae Alpheratz 2.1 0 :06 :28 .2  +28°53 '10 "
002 BCeti  Deneb Kaitos (Diphda) 2,2 0 :41 :43 .9  - 18 °11 '22 "
003 aEr idani  Achernar  0 .6  1 :36 :20 .  3 - 57 °25 '28 "
004 *aUUrsae Minor is  Po la r i s  2 .1  1 :57 :53 .  8 +89°  5 ' 33 "
005 aAr ie t i s  Hamal 2 .2  2 :05 :04 .9  +23°17 '18 "
006 #oFornax Alpha Fornax 3.9 3 :10 :29 .9  -29° 7 '55"
007 aPerse i  Marfak 1.9 3 :21:40.  2 +49°43 '52 "
008 aTaur i  Aldebaran 1.1 4 :33:47.  7 +16°26 '11 "
009 aCanis Major is  S i r ius  -1.6 6:43:31.  1 - 16 °39 '50 "
010 BGeminorum Pollux 1,2 7 :43 :03 .3  +28° 7" 2"
011 #*YVelorum Gamma Velorum 1.9 8 :08 :23 .5  - 47 °13 '37 "
012 eCarinae Mioplacidus 1.8 9 :12 :48 .  2 - 69 °33 '53 "
013 aHydrae Alphard 2 .2  9 :25 :46 .  1 - 8 °29 '51 "
014 al.eonis Regulus 1.3 10 :06 :24 .2  +12° 8 '55"
015 aUrsae  Major is Dubhe 1.9 11 :01 :27 .6  +61°57" 4"
016 *YCentauri  Gamma Centauri 2 .4  12 :39 :28 .0  -48 °45 '25 "
017 eVi rg in is  Spica 1.2 13 :23 :14 .4  - 10 °58 '  8"
018 nUrsae  Major is  Alkaid 1.9 13 :46 :05 .0  +49°29 '50 "
019 aBoot is  A rc tu rus  0 .2  14 :13 :58 .4  +19°22 '27 "
020 aCentauri  Rigil Kentaurus 0.1 14:37:04.3 -60°41 '  2"
021 aScorpi i  Antares 1.2 16 :27 :08 .1  - 26 °21 '  6"
022 aOphiuchi Rasalhague 2 .1  17 :33 :12 .9  +12°35 '  g
023 aLyrae Vega 0.1 18:35:41.1  +38°44 '53"
024 *BCapr icornus Beta Capricornus 3.2 20 :18 :56 .0  - 14 °53 '59 "
025 aPavonis Peacock  2 .1  20 :22 :43 .9  -56 °51 '20 "
026 aCygni Deneb 1.3 20:40:10.1 +45° 8'50"
027 ePegas i  Enif 2 .5  21 :43 :22 ,  0 +9 °42 '16 "
028 aPisc is  Aistrini Fomalhaut 1.3 22 :55 :36 .6  - 29 °49 '  8g"

*Not accurately positioned for navigation purposes on the celestial sphere.
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Table 3-5. Simulated MSFN Stations (Nonintegrated  Mode)

Station Code Locat ion Latitude Longitude

1 CNV Cape Kennedy, F lor ida  28° 28' N 80° 34' W

2 HAW Kauae, Hawaii 22° 07' N 159° 46' W

3 BDA Bermuda 32° 20' N 64° 39' W

4 CYI  Grand Canary Islands 27° 44' N 15° 36' E

5 GYM Guaymas, Mexico 27° 57' N 110° 43' W

6 CRO Carmaroon, Austral ia 24° 53' 8 113° 42' E

7 TEX Corpus Chr is t i ,  Texas 29° 45' N 95° 21' W

8 ISH Insertion Ship 29° 00' N 57° 30' wW

9 INJ Injection Ship 30° 00' N 177° 00' E

10 | Reentry Ship 00° 180°
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3 .2 .1 .4  Re t rog rade ,  Entry, and Recovery.

Miss ion  204A re t ro f i re  and entry are accompl ished  from an el l ipt ical
orb i t  approaching f rom the sou thwest  toward a r ecove ry  s i te  southeast  of
Hawai i .  The d i rec t ion  and locat ion of the entry are a funct ion of the cumulative
orb i ta l  d i sp lacemen t  throughout the m i ss i on .  In  the nominal t ra ining m iss i on
of th ree  o rb i t s ,  the orb i ta l  d i sp lacemen t  is such that the d i rec t i on  ve ry  l oose l y
approx imates  Miss ion  204A but i n t e r sec t s  a r ecove ry  s i te  that is  no r theas t
( ra ther  than sou theas t )  of Hawai i .  The nominal  m i ss i on  entry is  accomp l i shed
f r om a 105 n m i  c i r cu la r  o rb i t .  Velocity, a l t i tude,  and su r f ace  range  data a re
shown with r espec t  to t ime f rom re t ro  in  f igure 3 -20 .  F igure 3 -21  i l l us t ra tes
the ground t r ace  for the nominal t ra ining m iss i on  en t r y .  Data p resen ted  is for
G&N mode of ent ry .

In addit ion to the basic nominal m i ss i on  entry data, g raph ics  for a
number of other entry t r a j ec to r i es  to be pract iced on the AMS have been
inc luded in  this sec t i on  of the handbook, Those entry t r a j ec to r i es  for  which
descr ip t ive  data has been provided are l i s ted  in table 3-6 ( f igures 3-22
through 3 -36 ) .  During Atlantic Range recove r i es ,  e i the r  the Inser t ion  Ship,
Bermuda,  or KSC are used as the s imulated "Re-en t ry  Ship.  "
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Orbital  Cha rac te r i s t i c s

Miss ion  204A ( r e t r o  at
per igee)

Miss ion  204A ( r e t r o  at
per igee)

Miss ion  204A ( r e t r o  at
apogee)

105 -n  m i  c i r cu la r

105 -n  m i  c i r cu la r

105 -n  m i  c i r cu la r

105 -n  m i  c i r cu la r

130 -n  m i  c i r cu la r

105 /130-n  m i  el l ipt ical
( r e t r o  at pe r i gee )

105 /130-n  m i  el l ipt ical
( re t ro  at per igee)

105 /130-n  m i  el l ipt ical
( r e t r o  at apogee )

Table 3-6. D i rectory  of Entry Data

Range

Pacif ic (off  Hawaii)

Atlantic (off Bermuda)

Paci f ic  (off  Hawaii)

Paci f ic (off Hawaii)

Atlantic (off  Bermuda)

Atlantic (off Bermuda)

Pacif ic (off  Hawaii)

Paci f ic  (of f  Hawaii)

Paci f ic (off Hawaii)

Atlantic (off Bermuda)

Pacif ic (off Hawaii)

Orbi t

225

225

225

16

Mode

SPS

RCS

RCS

SPS

SPS

SPS

RCS

SPS

SPS

RCS

RCS

Dynamics
Data

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

3-20

3-20

3-20

3-27

3-29

3-31

3-33

3-35

Geographic
Data

F ig .  3-21

F ig .  3-22

F ig .  3-23

F ig .  3-24

Fig.  3-26

Fig .  3-28

Fig.  3-30

F ig .  3-32

Fig.  3-34

Fig.  3-36

Remarks

Recovery  f rom nominal
training m iss i on

Alternate recovery
f rom nominal training
m iss ion

Alternate recovery
f rom nominal training
m iss ion

Var ia t ion in  nominal
t raining m iss i on

Var ia t ion  in  nominal
training m iss i on

Var iat ion in  nominal
training m iss i on

Var ia t ion in  nominal
training m iss i on
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Figure 3-21. Geographic Data, Miss ion  204A, SPS Retro to Recovery off Hawaii
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F igure  3 -23 .  Geographic  Data,  M i ss i on  204A ,  RCS Ret ro  to Recovery  off Hawaii
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Figure 3 -25 .  Geographic Data, Atlantic Range Recovery  F rom 105-N M i  Circular  Orbit
(SPS Retro)  - Nominal M i ss i on
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Figure 3-26. Geographic Data, Atlantic Range Recovery From 105-N Mi  Circular  Orbit
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NOTE

The following f igures are re fe renced  in the text of
this sect ion of the handbook but have not been
provided due to a lack of data at the t ime of
publ icat ion.

3-217. Entry Dynamics From 105-N Mi  Circular Orbit (RCS Retro)

3 -28 .  Geographic  Data, Paci f ic  Range Recovery  F rom 105 -N  M i
Circu lar  Orbi t  (RCS Ret ro )  - Nominal Training M iss i on

3 -29 .  Entry Dynamics F rom 130 -N  M i  C i rcu la r  Orbit  (SPS Retro)

3 -30 .  Geograph ic  Data,  Paci f ic  Range Recovery  From 130 -N  M i
Circular Orbi t  (SPS Ret ro )  - Nominal Training M iss ion

3-31, Entry Dynamics From Per igee of 105 /130 -N  Mi  Orbit
(SPS Ret ro )  - Nominal Training M iss ion

3-32. Geographic Data, Pacif ic Range Recovery F rom 105 /130 -N  Mi
Ell ipt ical  Orbi t  (SPS Re t ro )  - Nominal Training M iss i on

3-33. Entry Dynamics Data F rom Per igee of 105 /130 -N  M i  Orbit
(RCS Ret ro)  - Nominal Training M iss ion

3-34. Geographic Data, Atlantic Range Recovery  F rom 105 /130 -N  M i
El l ipt ical Orbit  (RCS Ret ro)  - Nominal Training Mission

3-35, Entry Dynamics From Apogee of 105 /130 -N  M i  Orbit
(RCS Re t ro )  - Nominal Training M iss i on

3-36. Geographic  Data ,  Paci f ic  Range Recovery  F rom 105 /130 -N  M i
Ell ipt ical Orbit (RCS Ret ro)  - Nominal Training Miss ion

Figures 3-27 Through 3-36, Inclusive
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Simulat ion Initialization.

The SE 012 modif icat ion, as def ined by the simulation subcontractor,
includes a capabil i ty to init ial ize the simulator at five different points in
M iss ion  204A. These are as follows:

Launch t ime minus 60 seconds
Launch
Orbit  i nse r t i on
246 hours (re: MSC Note 65 -FM-58 )
3 orbi ts pr ior  to deorbi t  (re: MSC Note 65 -FM-58)

In prepar ing the nominal training m iss i on  and AMS syl labus of training
sess ions ,  i t  has been  conc luded that the f ive points p resen t l y  def ined are
complete ly  inadequate for  ef fect ive t ra in ing.  However ,  such def ic iency is  not
proh ib i t ive ,  s ince  i t  is  poss ib l e  to p repa re  addit ional in i t ia l izat ion points by
" f ly ing ' '  the simulator to p rese lec ted  po in ts ,  exerc is ing  the ' ' s to re ' '  function,
and t ranscr ib ing the s to red  data o f f - l i ne .  The data t r ansc r i bed  in  this fashion
can be used  to ini t ia l ize at the p rese lec ted  point without a re i te ra t ion  of the
p reced ing  m iss i on  history.

Since the ini t ia l izat ion points avai lable i n  the de l i ve red  AMS are
inadequate for t ra ining, a suggested  l i s t  of those points that would be useful  in
training has been inc luded as table 3-7  of th is  sect ion of the handbook. The
points l i s t ed  would be p repa red  by means  of the s t o re ’  funct ion as previously
expla ined.  The inventory of in i t ia l izat ion points would be p repa red  in three
steps as expla ined in  the fol lowing paragraphs.

Points Sl  through S13 are with r espec t  to the nominal training mission.
The alphabet ic suf f ixes identify di f ferent orbi ta l  cha rac te r i s t i cs  for  common
t ime /geographic pos i t i ons .  The nominal m i ss i on  init iation points would be
p repa red  by flying m iss i on  plans A, B,  and C in the i r  ent i re ty ,  exe rc i s i ng  the
s to re  funct ion as required.

Points S101 through S113 are sugges ted  for  the remaining 16 o rb i t s  of
the MEP f i lm. The points would be developed by flying nominal m i ss i on
plan C (Hohmann t rans fe rs )  to provide a m iss i on  h is tory  of delta V activity and
prope l lan t  expenditure and the continuing on into o rb i t s  4 through 16 exe rc i s i ng
the s to re  funct ion as requ i red .  The continuation of the nominal m i ss i on  would
be in  a 105 -n  m i  c i r cu la r  orb i t  to r e t r o f i r e  in  the 16th o rb i t  and r ecove ry  i n
the Atlant ic Range (off  Be rmuda ) .  The newly p repa red  S112 wil l  then be used
to in i t ia l ize for  pu rposes  of p repar ing  an initialization point for  r e t r o  and
entry at 16 o rb i t s  f r om the e l l ip t ica l  o rb i t  (S116) .  The e l l ip t ica l  o rb i t  wi l l  be
accomp l i shed  by use of the p rocedu res  fo r  the f i r s t  Hohmann t rans fe r  del ta V
in the nominal training m iss i on  during the 15th orbit.

In i t ia l izat ion points S201 through S211 are with re fe rence  to the ope ra -
t ional M i ss i on  204A as def ined in  MSC Note 65 -FM-58 .  It should be noted that
points S201 through S211 are desc r ibed  in te rms  of revolut ions with respec t  to
the ea r t h ' s  su r f ace ,  ra ther  than o rb i t s  around the ea r t h ' s  center.
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Init ial ization points S201 through S204 relate to the f i r s t  five delta V
events  in  M iss ion  204A,  If  in i t ia l izat ion at these points is  requ i red ,  in i t ia l i -
zat ion points can be p repa red  by flying M iss i on  204A through the f i r s t  five
del ta  V even ts  and exe rc i s i ng  the s to re  funct ion.  Howeve r ,  i t  shou ld  be  no ted
that preparat ion of S201 requ i res  27 hours  of s imula ted rea l  t ime ,  and p re -
parat ion of S201 through S204 requ i res  89 hours .  It should be further noted
that the f i r s t  f ive del ta V events in  M i ss i on  204A are c l ose l y  approximated in
the t h ree -o rb i t  nominal  t ra in ing m iss i on .  Fo r  t hese  reasons ,  S201  through
5204 have been adjudged as not requ i red  for  t raining pu rposes  and have not
been used in the syl labus of training sessions.

Initiation points S205 and S206 are those al ready def ined for the AMS at
246 hours  and three orb i ts  p r i o r  to deorb i t .  Points S207 through S211 can be
p repa red  by init ial izing at S206 and exerc is ing the s to re  function in  conjunction
with appropr ia te  crew procedures.
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Table  3 -7 .  In i t ia l izat ion Data

Tit le and Descr ip t ion

Prelaunch,  Just p r io r  to final cont ro ls  and d isplays checklist
before launch. Point  is used to t ra in  in  final p repa ra t i ons  for
launch. Ini t ial izat ion is accompl i shed  by in i t ia l iz ing at S2 and
placing the s imulator in  HOLD until prelaunch p rocedu res  are
comple te .  Simulat ion is not authentic in two respec t s .  The
f i r s t  is that on -boa rd  expendables deplet ion and sys tem contami-
nation do not accumulate as a function of time. The second is
that the s imulated  launch time does not vary  as a function of
durat ion of the pre launch phase.

Launch. Prepara t ions  for launch comp le te .  Ignition is impending
60 seconds af ter initialization. This s tar t  point is used to initiate
launch phase simulation, all s imulat ions star t ing with launch and
continuing into o rb i t ,  and all launches terminating in suborbital
abort.

Orbit  Inser t ion .  Immediately af ter  S - IVB  cutoff, The initializa-
t ion point  is intended for training sess ions  when initial earth
orbital  p rocedu res  are involved.  A shor t  duration s tep-ahead
f rom S3 to off the west coast of Africa can be used to init iate
f i r s t  orb i t  navigat ion with African landmarks.

Del ta V. Off the east coast of Madagascar  during the f i r s t  orbi t
with daylight illumination. Point  is used to initiate IMU al ign-
ment ,  orbi t  measurement ,  and delta V at the Paci f ic  orb i ta l
equinox. Del ta V may be for plane change or f i r s t  f ir ing of
Hohmann t rans fe r ,  S- IVB is separated.

U.S .  - F i r s t  Orb i t .  Off  the wes t  coas t  of the U .S .  dur ing the
f i r s t  orbi t  in 105-n m i  c i rcu lar  orb i t ,  Point is used to initiate
navigat ion with U.S,  landmarks .  S - IVB is separa ted .

Transpos i t i on  and Dock ing .  Off  the wes t  coas t  of  the U ,S ,  dur ing
f i r s t  orb i t  in 105-n  mi  c i rcu la r  orb i t ,  Point  is used to initiate
S /M-C /M t ranspos i t ion  and docking with S - IVB ,  S- IVB has not
been separa ted  at t ime of init iat ion.

U.S.  - El l ipt ical Orb i t .  Off the west coast of the U,S,  dur ing
the f i r s t  orb i t  in  105 -130 -n  m i  el l ipt ical o rb i t .  Used to init iate
training sess ions  involving e l l ip t ica l  orb i t ,  S - IVB  is  separa ted ,

Af r i ca-Second Orb i t ,  Off the west coast of Africa dur ing the
second  o rb i t  i n  105 -n  m i  circular o rb i t ,  Point  is  used  to ini t iate
navigat ion with Afr ican landmarks and /o r  IMU alignment. S - IVB
is separated.

Austra l ia  - Second Orbi t .  Off the west coast  of Austral ia during
the second orb i t  in 105-n  m i  c i rcu lar  orb i t  with daylight illumi-
nation, Point is used to init iate navigation with Austra l ian and
SW Paci f ic  landmarks, S - IVB  is separa ted .

High Altitude Orb i t .  Off the west coast of Africa with e i ther  day
or night i l lumination in  130-n  m i  c i rcu lar  orb i t  (second orbit  of
nominal m i ss i on ) .  Point is used to init iate t ra in ing sess ions  in
130-n m i  c i r cu la r  o rb i t ,  S - IVB  is separa ted.

U.S .  - Second  Orb i t .  Off the wes t  coas t  of the U .S ,  i n  the sec -
ond orb i t  of the 105-n  m i  circular orb i t ,  Point is used for navi-
gat ion with U.S.  landmarks, Point is also used for initiating
final orbi tal  measurement ,  IMU al ignment, and RCS re t rograde
to the Paci f ic  range. |

Cal l -Up

Simulated T ime-
GMT and
M iss ion

(T - 15 m in )

(T - 60 sec)

(1) 14 :10 :02  GMT
(00:10:02)

14 :40 :02  GMT
(0 :40 :00)

15:30:00  GMT
(1:30:00)

15 :30 :00  GMT
(1 :30 :00)

15:30:00 GMT
( 1 :30 :00 )

15 :50 :00  GMT
(1 :50 :00 )

16 :25 :00  GMT
(2 :25 :00)

16:25:00 GMT
(2:25:00)

17 :00 :00  GMT
( 3 :00 :00 )

Pos i t ion

Long.  Lat

80 .47°W | 28 ,37°N

80 .47°W | 28 .37°N

62 ,92°W | 31.  41 °N

50 .35°W | 13, 02°S

119 .08°W | 23 .88°N

119 ,  08 °W | 23. 88 °N

119 ,  08 °W | 23. 88 °N

33 ,44°W | 23 ,01°N

97 .42°E  | 31 .53°S

97 .42°E  | 31 .53°S

133 ,33°W | 26. 72°N
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Table 3-7 .  Init ial ization Data (Con t )

Tit le and Descr ip t ion

Final Orbi t  {105 N M i ) ,  Off the west coast of Africa in the th i rd
o rb i t  of  105 -n  m i  c i r cu la r  o rb i t .  Point  i s  used  for final orb i ta l
measurement ,  IMU alignment, and SPS re t rograde to the Pacif ic
range .

Final Orbi t  (130 N M i ) .  Off the west coast of Africa in 130-n m i
c i rcu lar  orbit ( th i rd  orb i t  of nominal m iss ion ) ,  Point is used for
final o rb i ta l  measu remen t ,  IMU al ignment,  and SPS re t rog rade  to
the Pacif ic range .

Final Orbit  ( 105 /130  N M i ) .  Off the west coas t  of Africa in the
third orbi t  of the 105/130- .n  m i  el l ipt ical  orb i t  variat ion of the
nominal m i ss i on ,  Point is used for init iating p rocedu res  for
final orb i ta l  measu remen t ,  IMU al ignment ,  r e t r og rade ,  and entry.

P repa ra t i on  fo r  RCS Ret ro ,  Off the wes t  coas t  o f  Africa in  the
third orb i t  of 105-n m i  c i rcu lar  o rb i t .  Point is used for initiating
preparat ion  for and accompl ishment of RCS re t rograde.

Prepa ra t i on  fo r  SPS Re t ro  (105  N M i ) .  Eas t  of Aus t ra l ia  in
105 -n  m i  c i r cu la r  o rb i t  ( t h i r d  o rb i t  o f  nominal m i ss i on ) .  Point
is used for init iat ing p repara t ion  for and accompl ishment  of
SPS re t rog rade ,

P repa ra t i on  for SPS Retro (130 N Mi), East  of Austral ia in
130-n  m i  c i rcu lar  orb i t  ( th i rd  orb i t  of nominal m i ss i on ) .  Point
is used for in i t iat ing p repara t ion  for and accompl ishment  of
SPS re t rog rade ,

Prepara t ion  for  SPS Ret ro  (105 /130  N M i ) ,  East of Australia in
105 /130 -n  m i  e l l ip t ical  orb i t  ( th i rd  orb i t  of nominal mission),
Po in t  is used for init iating preparat ion  for and accompl ishment
of SPS retrograde,

Entry f rom RCS Re t ro .  Over New Guinea in  105-n m i  c i rcu lar
orb i t  ( t h i rd  orb i t  of nominal m i ss i on } .  Po in t  i s  used  f o r
init iating p repara t ion  for and accomplishment of entry from
RCS re t ro .  S /M  is separated.

Pos t -Re t ro  (105 N Mi) ,  Immediately af ter  thrust  cutoff for
re t ro  from 105-n m i  c i rcu lar  orbi t  ( th i rd  orb i t  of nominal
t ra in ing m iss i on ) ,  Point i s  used to  in i t ia te training in  pro-
cedu res  for S /M-C /M separat ion  and entry,  S /M  has not
been separa ted  at t ime of initiation.

Entry ( f rom 105 -N  Mi  C i rcu la r ) .  After S /M-C /M separat ion
during descen t  f rom 105-n  m i  circular o rb i t ,  Point is  used for
training in entry  p rocedu res ,

Entry ( f rom 130 .N  Mi  C i r cu la r ) ,  After S /M-C /M separat ion
dur ing descen t  f rom 130-n m i  c i rcu la r  orb i t .  Point is  used
for t ra in ing  in entry  p rocedu res .

Entry ( f rom 105 /130 -N  M i  Elliptical). After S /M-C /M sep-
arat ion during descent  f rom 105 /130 -n  m i  e l l ipt ical  orbit.
Point is used for training in entry procedures.

Star t  o f  fourth o rb i t

Start  of fifth orbit

Simulated T ime-
GMT and
M iss ion

17:35:00  GMT
(3:35 :00)

17:35:00  GMT
(3:35 :00)

17:35:00  GMT
(3:35 :00)

17 :35 :00  GMT
(3 :35:00)

18 :00 :00  GMT
(4 :00:00)

18:00:00 GMT
(4:00:00)

18 :00 :00  GMT
(4 :00:00)

18:10:00 GMT
(4:10:00)

18 :15 :00  GMT
(4 :15:00)

18:20:00 GMT
(4 :20 :00)

18:20:00 GMT
(4:20:00)

18:20:00 GMT
(4:20:00)

18 :34 :02  GMT
(4 :34:02)

20:02:02  GMT
(6 :02 :02)

Pos i t i on

Long. Lat

1 .98°E  | 11 .  29°s

1.98°E | 11 ,  29°S

1.98°E |11.29°S

1.98°E |11.29°S

105 .56°E  }|25.69°S

105.56°E | 25. 69°S

105.56°E | 25. 69°S

141 ,  69°E 7.59°S

157.94°E | 3.12°N

174.52°E |13.52°N

174.52°E |13.52°N

174,52°E }13.52°N

129. 54°W {31.47°N

151. 74°W | 31. 49°N
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Table 3 -7 .

Title and Descr ip t ion

Start of  sixth orbit

S tar t  of  seventh orbi t

Start  of eighth orbit

Start  of ninth orbi t

Star t  of tenth orb i t

Start  of 11 th  o rb i t

S tar t  o f  12 th  o rb i t

Start  of  13 th  orb i t

Start of  14th orb i t

Start  of  15 th  orbi t

Start of 16th orb i t

Preparat ion for  RCS Ret ro  a t  16 O rb i t s ,  Off  the eas t  coas t  o f
Austral ia in  105-n  m i  c i rcu lar  orbi t .  Point is used for init iating
prepara t ion  for  and accompl ishment  of RCS ret rograde to
Atlantic r ecove ry  area,

Prepara t ion  for SPS Re t ro  at 16 Orb i ts  (C i r cu la r ) ,  Over SW
Paci f ic  in 105-n m i  c i rcular  o rb i t ,  Point  is  used to in i t iate
prepara t ion  for and accompl ishment  of re t rog rade  to Atlantic
recovery  a rea ,

Prepara t ion  fo r  SPS Ret ro  at  16 Orbi ts (El l ipt ical) ,  Over SW
Pac i f i c  i n  105 /130 -n  m i  e l l i p t i ca l  o rb i t .  Point  i s  used  to initiate
prepara t ion  for  and accomplishment of re t rograde to Atlantic
recove ry  a rea .

M iss i on  204A, Preparat ion  for F i r s t  Burn .  After east coast of
Austra l ia  dur ing the 17 th  revo lu t ion  (17 th  o rb i t )  of  M i ss i on  204A,
Point is used to ini t iate p repara t ions  for ( including navigat ion and
IMU alignment) and accompl ishment  of f i r s t  SPS f i r ing dur ing
18th revolut ion.

M iss i on  204A, Hohmann T rans fe r ,  After Hawaii dur ing the 20th
revo lu t ion (21s t  o rb i t )  o f  M i ss i on  204A ,  Point  i s  used  to in i t iate
prepara t ions  for ( including navigat ion and IMU alignment) and
accompl i shment  of  Hohmann t r ans fe r ;  invo lves  second  and th i rd
SPS f i r ings in the 21st revolut ion.  (Hohmann t rans fe r )

M iss ion  204A, Fourth Burn.  Off the east coast  of Asia dur ing
the 38th revolut ion (40th o rb i t )  of M i ss i on  204A. Point is used
to init iate p repara t ions  for ( including navigation and IMU al ign-
ment) and accompl ishment  of fourth SPS f i r ing in 39th revolut ion
(plane change).

Init ial ization Data (Cont)

Cal l -Up

Simulated T ime-
GMT and
M iss ion

21:30:02 GMT
(7:30:02)

22:58:02 GMT
(8:58:02)

(2) 00:26:02 GMT
(10:26:02)

01 :54 :02  GMT
( 11 :54 :02 )

03 :22 :02  GMT
(13:22:02)

04:50:02 GMT
(14:50:02)

06:18:02 GMT
(16:18:02)

07 :43 :02  GMT
( 17 :43 :02 )

09:14:02 GMT
(19:14:02)

10:42:02 GMT
(20:42:02)

12 :10 :02  GMT
(22 :10 :02 )

12:47:02 GMT
(22:47:40)

13 :08 :57  GMT
(23:08:57)

13 :08 :57  GMT
(08:57)

16 :04 :01  GMT
(26:04:01)

20 :47 :35  GMT
(30:47:35)

(4) 01:10:21  GMT
(59:10:21)

Pos i t i on

Long.  Lat

173 , . 95 °W  | 31, 52 °N

163 .85°E  |31.53°N

141 .  65 °E  |31.55°N

119 ,  46 °E  |31,.56°N

97 .26°E  |31,58°N

75 .06°E  | 31 ,59°N

52 .87°E  | 31 ,61°N

30 .68°E  | 31 .62°N

84 ,88°E  | 31 .63°N

137 .03°W | 31. 64 °N

35 .89°W | 31. 65 °N

1056°E 28°S

165°W 15°S

165°W 15°S

150°E  16°S

148 °W 23°N

128 °E 32°N
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Table  3 -7 .  In i t ia l izat ion Data (Cont)

Simulated T ime-
GMT and

Tit le and Descr ip t ion  Cal l -Up M iss i on

Miss ion  204A,  Fifth Burn .  Ove r  New Guinea during the 56th (5)  05 :42 :55  GMT
revolut ion {59th orb i t )  of M i ss i on  204A, Point is used to init iate (87:42:55)
preparat ions for ( including navigat ion and IMU alignment) and
accompl ishment  of fifth SPS f ir ing in 57th revolut ion (plane
change).

M iss ion  204A, Sixth and Seventh  Burn .  Before  the west coast  of (11) 20 :35 :00GMT
South America at the beginning of the 156th revolut ion (168th orbit) (246:35:00)
of M iss ion  204A. Point  is used to init iate preparat ions for and
accomplishment of sixth SPS f i r ing (change orbi tal  a l t i tude)  in  the
157th revo lu t ion  (169th o rb i t )  and seven th  f i r ing ( reduce apogee )
i n  the 158th revolut ion (170th orbit).

Final Phase ,  M i ss i on  204A, At west coast of South America at (15) 03 :36 :  00GMT
the beginn ing of 207th revolution (222nd orb i t )  of Miss ion 204A. (325:36:00)
Point  is used in  init iating t ra in ing in final phase of M i ss ion  204A
( including re t r o f i r e ) .

RCS Re t ro  f r om M iss ion  204A  (Pac i f i c ) ,  Off  west coas t  o f  08 :00 :00GMT
Africa in  210 th  revo lu t ion  (224 th  o rb i t )  o f  M i ss i on  204A ,  Po in t  ( 330 :00 :00 )
i s  used  in  p repa ra t i on  for  accomp l i shmen t  of RCS re t ro f i r e  to
the Pac i f i c  recove ry  area.

SPS Re t ro  f rom M iss ion  204A (Pac i f i c ) ,  Off west coast  of 08:23:00  GMT
Aust ra l ia  in 210th revolut ion  {224th o rb i t )  of M i ss ion  204A, (330:23:00)
Po in t  is used in p repara t ion  for and accompl ishment  of SPS
re t ro f i re  to the Pac i f ic  r ecove ry  a rea .

RCS Re t ro  f rom M iss i on  204A { At lant ic ) ,  Over Aust ra l ia  in 210th 08:39:00  GMT
revolut ion (224th o rb i t )  of M i ss i on  204A, Point  is used in p rep -  (330:39:00)
ara t ion  for and accomp l i shment  of RCS re t ro f i re  to the Atlantic
recove ry  a rea ,

SPS Re t ro  f rom M iss ion  204A  (A t l an t i c ) .  South o f  the Hawaiian 08 :51 :  00GMT
Is lands in the 210th revolut ion (224th  o rb i t )  of M i ss ion  204A, (330:51:00)
Point  is used in p repara t ion  for and accompl ishment  of SPS.
re t ro f i re  to the Atlantic r ecove ry  a réa .

En t ry ,  M i ss i on  204A, After S /M-C /M separa t ion  during 08:50: 00GMT
descent  to Paci f ic  recove ry  area of M i ss i on  204A, Point is (330:50:00)
used for training in  entry p rocedu res .

Pos i t i on

Long.  Lat

137°E  2°N

80°W 28°S

80°W 5°S

35°W 29°N

100°E 3505

135°E 28°S

155°W 15°N

177°E 2°S
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BASIC NOMINAL MISSION (MISSION A).

The nominal training m iss i on  for  the initial de l i ve red  conf igurat ion of
the AMS is  compr i sed  of launch f rom KSC,  approximately two and one-ha l f
orb i ts  of space opera t i ons ,  r e t r og rade ,  entry,  and recovery  north of Hawaii.
Nominal orbi ta l  alt i tude and orbi ta l  angle of incl ination are 105 n m i  and
31.69 degrees,  respec t i ve ly .

Table 3-8 outl ines the events for the nominal training m iss ion  including
i t s  planned var ia t ions .  Geographic and t ime data cor re la t ing with table 3-8
is  prov ided in  f i gu res  3 -37 ,  3 -38 ,  and 3 -39 .  Numbers c i r c l ed  i n  table 3-8
and f i gu res  3 -37  through 3-39 are  the significant events of which the nominal
training m iss i on  is  compr i sed .  Numbers  in  t r iang les  in  the f i gu res  are  the
ini t ia l izat ion points def ined in  paragraph 3 .2 .1 .5 .  Other numbers in  the
f igures cor respond  to numbers in the f i r s t  four columns in table 3-8 and
identify c rew  act iv i t ies  and no tes .  C rew  act iv i t ies  in  the table are la id out
with r espec t  to t ime and geograph ic  pos i t ion  ac ross  the top of the f i gu res .
The numbers identifying c rew  act iv i t ies and notes  contain no spec i f i c  in te l -
l igence above and beyond establ ish ing an event-activity sequence.

Fo r  pu rposes  of simplicity and adaptability of the nominal m i ss i on  to
more  than one launch-boost  p ro f i l e ,  the orb i t  s tar t  point has been  arbi t rar i ly
es tab l i shed  at a point subsequent  to i nser t ion .  The point used  as the s ta r t  of
each orb i t  has been the orb i ts  northernmost point,  or  latitude 31. 69 deg rees
nor th ,

The f i r s t  four columns of table 3-8  identify which events  and activities
are involved in  the bas i c  nominal m i ss i on  and three planned variations.
M iss i on  A is  the bas i c  nominal m i ss i on  d i scussed  in  th is paragraph,  and
miss ions  B and C a re  the plane change and Hohmann t r ans fe r  variations,
respec t i ve ly ,  and m iss i on  D is  the t ranspos i t ion  and docking mission.

C rew  act iv i t ies  for  each of the four var iat ions of the nominal training
m iss ion  are  a lso  ident i f ied in the s t r i p  ac ross  the top of f i gu res  3 -37  through
3 -39 .  The same code of A (bas i c  m i ss i on ) ,  B (plane changes ) ,  C (Hohmann
t rans fe r s ) ,  and D ( t ranspos i t ion  and dock ing)  app l ies .  C rew  activity numbers
in the f igures  are with d i rec t  r e fe rence  to table 3 -8 .  C ross -ha t ched  a reas
are the t ime available for  routine act iv i t ies  between m iss i on  events.

A b r i e f  outline of the bas i c  nominal m i ss i on  is  prov ided as fo l lows:

Miss ion  T ime
(Hour:Minute) Event-Activity

0 Launch-boost
0:10 Orb i t  inser t ion
0:12 Star t  f i r s t  orb i t
0:12 P rog ramed  S - IVB  ro l l
0:15 to 0:20 Initial orb i ta l  p rocedu res
0:20 to 0:40 Navigational sightings (Afr ica and Madagascar)
0:42 Program S-IVB roll
0:48 to 1:18 Coarse and fine al ign IMU and SCS
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Miss ion  T ime
(Hour :Minute)  Event-Activity

1:20 Program S- IVB ro l l
1:30 Je t t i son  S - IVB
1:30 to 2:25 Initiate two-man extended m iss i on  p rocedures
1:30 to 1:40 Landmark sight ings (Mexican and U .S . )
1:40 Start second orbit

Optional
1:52 to 2:14 Navigational sightings (Af r ica)
2:15 Beg in  minimum activity operat ions
2:25 Terminate minimum activity
2:25 to 2:56 Coarse and fine al ign IMU
2:25 Terminate two-man extended m iss i on  p rocedures
3:01 Navigational sightings (Mexican and U.S.)
3:08 Start th i rd orbit
3:50 to 4:00 Fine align IMU and SCS
4:00 to 4:15 Prepara t ion  for  re t ro f i re
4:16 Retrof i re
4:16 to 4:19 Preparat ion for C /M-S /M  separat ion
4:19 C /M-S /M  separat ion
4:19 to 4:23 Preparat ion for entry
4:23 to 4:40 Entry and descen t
4:40 Touchdown

3 .2 .3  NOMINAL MISSION, PLANE CHANGES (MISSION B).

Miss ion  204A has three plane changes during the 18th,  39th,  and 57th
orbi ts.  The nominal training m iss i on  inc ludes two plane changes ,  both at the
orbi ta l  equinox. The init ial plane change is  -1 deg ree  at the Paci f ic  equinox
of the f i r s t  o rb i t .  The second  change is at the Paci f ic  equinox of the second
orb i t .  The second  change is +1 deg ree  and returns the orbi t  to an inclination
of 31.69 degrees.  A b r ie f  outline of the plane change variat ion of the nominal
training m iss i on  is  as follows:

Miss ion  T ime
(Hour :Minute) Event-Activity

0 Launch-boost
0:10 Orbi t  inser t ion
0:12 Start  f i r s t  orbit
0:15 Je t t i son  S - IVB
0:15 to 0:20 Initial orb i ta l  p rocedu res
0:20 to 0:40 Navigational sight ing (A f r i ca  and Madagasca r )
be fo re  0:40 Inhibit day terminator  (Aust ra l ia  and SW Pac i f ic )
0:40 to 0:50 Fine a l ign IMU and SCS
0:55 to 1:11 Navigational sightings (Austral ia and SW Pacif ic)
1:11 to 1:16 Prepara t ion  for  del ta V
1:17 Delta V (plane change -1 deg ree  to 30 .69  deg rees

incl inat ion)
1:19 to 1:29 Fine al ign IMU and SCS

3-74
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Miss ion  T ime
(Hour:Minute) Event-Activity

1:30 to 1:40 Navigational sightings (Mexico and U .S . )
1:40 Start second orbit
1:52 to 2:14 Navigational sight ings (Afr ica and Madagasca r )
2:30 to 2:40 Fine a l ign IMU and SCS
2:40 to 2:45 Prepara t ion  for  del ta V
2:45 Del ta V (plane change,  +1 deg ree  to 31 .69  deg rees

incl inat ion)
2:46 to 2:56 Fine al ign IMU and SCS
3:01 to 3:13 Navigational sightings (Mexico and U.S.)
3:08 Star t  th i rd o rb i t
3:50 to 4:00 Fine al ign and SCS
4:00 to 4:15 Preparat ion  for  re t ro f i re
4:16 Retrof i re
4:16 to 4:19 Preparat ion for C /M-S /M  separat ion
4:19 C /M-S /M  separat ion
4:19 to 4:23 Preparat ion for  entry
4:23 to 4:40 Entry and descent
4:40 Touchdown

NOMINAL MISSION, HOHMANN TRANSFERS (MISSION C).

M i ss i on  204A enta i ls  a Hohmann t rans fe r  f rom 105 to 130 n m i  in  the
21st  orbi t  and two addit ional orbi tal  altitude changes in  the 157 th  and 158 th
o rb i t s .  The nominal training m iss i on  a lso  inc ludes four del ta Vs fo r  pu rposes
of changing orb i ta l  al t i tude. The four  SPS f i r ings  are used  to accomp l i sh  a
Hohmann t rans fe r  f rom 105-  to 130 -n  m i  c i rcu lar  orb i t  and. another Hohmann
t rans fe r  f rom 130- to 105 -n  m i  c i rcu la r  orb i t .  A b r i e f  outline of that m i ss i on
is  prov ided as fo l lows :

Miss ion  T ime
(Hour :Minute) Event-Activity

0 Launch-boost
0:10 Orbi t  i nser t ion
0:12 Start  f i r s t  orbit
0:15 Je t t i son  S - IVB
0:15 to 0:20 Initial orbital procedures
0:20 to 0:40 Navigational sightings (A f r ica  and Madagascar)
be fo re  0:40 Inhibit day terminator  (Austra l ia  and SW Pacific)
0:40 to 0:50 Fine al ign IMU and SCS
0:55 to 1:11 Navigational sight ings (Aust ra l ia  and SW Paci f ic )
1:11 to 1:16 Preparat ion  for delta V
1:17 Del ta  V ( init iate Hohmann t rans fe r  f rom 105 to

130 n mi)
1:19 to 1:29 Fine a l ign IMU and SCS
1:30 to 1:40 Navigational sightings (Mexico and U .S . )
1:40 Star t  second  orbi t
1:40 to 1:50 Fine al ign IMU and SCS
1:57 to 2:02 Preparat ion for  del ta V
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Miss ion  Time @
(Hour:Minute) Event-Activity

before 2:10 Inhibit day terminator
2:02 Del ta  V ( c i r cu la r i ze  at 130 n m i )
2:03 to 2:13 Fine al ign IMU and SCS
2:25 to 2:35 Navigation sightings (Austral ia and SW Paci f ic)
2:40 to 2:45 Preparat ion  for  de l ta  V
2:45 Del ta V (init iate Hohmann t rans fe r  from 130 to

105 n mi)
2:46 to 2:56 Fine a l ign IMU and SCS
3:01 to 3:13 Navigational s ight ings (Mexico and U.S.)
3:08 Star t  th i rd orbi t
3:25 to 3:30 Prepara t ion  for del ta V
3:30 Delta V ( c i r cu la r i ze  orbi t  at 105 n mi)
be fo re  3 :34  Inhibit day terminator
3:36 to 3:47 Navigational sightings (Af r ica and Madagascar)
3:50 to 4:00 Fine al ign IMU and SCS
4:00 to 4:15 Prepara t ion  for  re t ro f i re
4:16 Retrof i re
4:16 to 4:19 Prepara t ion  for  C /M-S /M  separat ion
4:19 C /M-S /M  separat ion
4:19 to 4:23 Preparat ion for entry
4:23 to 4:40 Entry and descent
4:40 Touchdown ®

3 .2 .5  NOMINAL MISSION, TRANSPOSITION AND DOCKING (MISSION D).

Miss ion  204A inc ludes p rac t i ce  in  t ranspos ing the C /M  to a pos i t ion
facing the sepa ra ted  S - IVB .  The exe rc i se  compr i ses  a part ia l  in- f l ight  s imu-
lat ion of the t ranspos i t i on  and docking technique to be used  in  the ultimate lunar
m iss i on .  Prac t ice  of these  p rocedu res  is  the subject  of the fourth variat ion of
the nominal training m iss i on .  A br ie f  outline of that m i ss i on  is  prov ided as
follows:

Miss ion  T ime
(Hour:Minute)  Event-Activity

0 Launch-boost
0:10 Orbi t  i nse r t i on
0:12 Star t  f i r s t  orbi t
0:12 P rog ramed  S - IVB  ro l l
0:15 to 0:20 Initial orb i t  p rocedu res
0:20 to 0:40 Navigational sightings (Afr ica and Madagascar)
0:42 P rog ramed  S - IVB  ro l l
0:48 to 1:08 Coarse al ign IMU
1:08 to 1:18 Fine a l ign IMU and SCS
1:20 P rog ramed  S - IVB  ro l l
1:30 Je t t i son  S - IVB
1:30 to 2:25 T ranspos i t i on  and docking
1:40 Start second orbi t
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Miss ion  Time
(Hour:Minute)

2:25
2:30 to 2:45
2:46 to 2:56
3:01 to 3:13
3:08
3:50 to 4:00
4:00 to 4:15
4:16
4:16 to 4:19
4:19 to 4:23
4:23 to 4:40
4:40

Event-Activity

Secu re  f rom t ranspos i t ion  and docking
Star / lunar  landmarks navigation
Fine al ign IMU and SCS
Navigational sightings (Mexico and U .S . )
Star t  th i rd orb i t
Fine a l ign IMU and SCS
Preparat ion  for  re t ro f i re
Retrof i re
Preparat ion for C /M-S /M  separat ion
Preparat ion  for  entry
Entry and descen t
Touchdown
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Tab le  3 -8 .  Nominal Training M iss ion

Mission Event

Launch Boos t
Launch s i te  - KSC
Azimuth - 72°
Boos t  durat ion 0 :10 :02
min .

Orbit  Inser t ion
Altitude = 105 n m i
Inclination - 31 .42°
Orbit  durat ion - 88
min/orb i t

Star t  F i r s t  Orbi t

Programed S-IVB Roll

Jet t ison S - IVB

Inhibit Day Terminator
Prevent day-night
terminator initiation

Programed S- IVB Roll

Programed S- IVB  Roll

Crew Activity and Notes

Monitor Boos t

Conf i rm with MSFN

Monitor Je t t i son

Initial Orbital Procedures
Four to 5 minutes of system
setup and checks

Navigation Sightings
Measure  orb i t  with Afr ican and
Madagascar  l andmarks .  Approx
20 minutes of landmark
availability

Permits landmark sightings over
Austral ia and the SW Pacific

Coarse  Align IMU
Approx 20 minutes of crew
procedu res

Fine Al ign IMU and SCS
Approx 10 minutes of c rew
procedures

Navigation Sightings
Measu ré  orb i t  ove r  Aust ra l ia
and SW Paci f ic .  Approx 16
minutes of landmark availability

Preparat ion  for Delta V
Approx 5 minutes of c rew
procedures  to compute delta V
and prepare sys tems

GMT and
Mission Time

Oct. 1, 1966
14 :00 :00  GMT

14:10:02 GMT
(0:10:02)

14 :12 :02  GMT
( 0 :12 :02 )

114 :12 :30  GMT
(0:12:30)

14:15:00 GMT
(0:15:00)

Approx
(0:15:00)  to
(0:20:00)

Approx
(0:20:00)  to
(0:40:00)

Be fo re
(0 :40 :00 )

(0:42:00)

Approx
(0:48:00) to
(1:08:00)

M iss ion  A&D
Approx

(1:08:00)  to
(1:18:00)

M iss ion  B&C
Approx

(0:40:00)  to
(0:50:00)

Approx
(0:55:00)  to
(1:11:00)

Approx
(1:11:00)  to
(1:16:00)

(1:20:00)

Geographic
Posit ion

so .  47° W,
28 .39°  N

53 .91°  WwW,
31 .69°  N

Approx
25° W to
50° E

Befo re
55°  E

Approx
80° E to
165° E

Approx
165° E to
160° W

Approx
52° E to
90° E

Approx
110° E to
176° W
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Tab le  3 -8 .

Miss ion  Event

Del ta V
Miss ion  B - plane change
of -1° to 30 .69°
inc l inat ion.
Miss ion  C - initiate
Hohmann t ransfer  f rom
105 nm i  to  130 n m i

Je t t i son  S - IVB

Star t  Second  Orbit

Inhibit Day Terminator
Prevent  day-night
terminator  initiation

Del ta  V
C i r cu la r i ze  orbi t  a t
130 n m i

Nominal Tra in ing M iss i on  (Cont)

Crew Activity and Notes

Moni to r -Cont ro l  Delta V

Fine Al ign IMU and SCS
Approx 10 minutes of crew
procedures

Monitor Je t t i son

Transpos i t ion  and Docking

Initiate two-man extended m iss ion
procedures (one man in rest
cyc le ) .  Navigation s ight ings,  IMU
alignment, and sys tem  management

NavigationSightings
Measure  orbi t  with Mexican and
U.S.  landmarks. Approx 10
minutes of landmark availability

Fine Align IMU and SCS
Approx 10 minutes of crew
procedures

Navigat ion Sightings
Measure  orb i t  with African and
Madagascar  landmarks. Approx
22 minutes of landmark
availability

Preparat ion for Delta V
Approx 5 minutes of crew
p rocedu res  to compute del ta V
and p repa re  sys tems

Permi ts  landmark sightings over
Aust ra l ia  and the SW Pacific

Monitor-Control Del ta  V

Fine Al ign IMU and SCS
Approx 10 minutes of crew
procedures

GMT and
Miss ion  Time

15 :19 :14  GMT
( 1 :17 :44 )

Approx
(1:19:00)  to
(1:29:00)

( 1 :30 :00 )

(1 :30:00)  to
(2 :25 :00 )

(1:30:00)  to
(2:25:00)

Approx
(1:30:00)  to
(1:40:00)

15 :40 :02  GMT
( 1 :40 :02 )

Approx
(1:40:00)  to
(1:50:00)

Approx
(1:52:00)  to
(2:14:00)

Approx
(1:57:00)  to
(2:02:00)

Be fo re
(2 :10:00)

16 :04 :46  GMT
( 2 :02 :26 )

Miss ion  C
Approx

(2:03:00)  to
(2:13:00)

Miss ion  B
Approx

(2 :30:00)
(2:40:00)

Geographic
Position

161 ,73°  W,
0° Lat

Approx
157° W to
124° W

Approx
120° W to
75° W

76 .08°  W,
31 .69°  N

75° W to
45°  WwW

Approx
24° W to
52° E

6 .85°  E ,
0°  Lat

Approx
7° E to
47° E

Approx
120° E to
160° E



NA

NA

7.6

NA

NA

NA

NA

NA

NA

Number-Mission

B C

NA NA

NA NA

NA NA

NA 7.5

NA NA

NA NA

7.8  7.8

NA

NA

NA 10.1

NA

NA

7.4

NA

NA

NA

NA

8.2

NA

NA

NA
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Table 3 -8 .  Nominal Training M iss i on  (Cont)

Miss ion  Event

Delta V
Miss ion  B - plane change
+1° to 31,  69°  inclination
Mission C - initiate
Hohmann t ransfer  f rom
130 n m i  to  105 n m i

Start Third Orbi t

Delta V
C i r cu la r i ze  orbi t  a t
105 n m i

Inhibit Day Terminator
Prevent  day-night
terminator  init iat ion

Crew Activity and Notes

Begin minimum activity operat ions

Terminate Minimum Ac t i v i t i es
Termina te  Extended M iss i on
Procedu res

Secure f rom Transpos i t ion  and
Docking Maneuvers

Navigat ion Sightings
Measu re  o rb i t  with Aus t ra l ian
and SW Paci f ic  landmarks.
Approx  10 minutes of landmarks
available

Coarse  Align IMU
Approx 20 minutes of crew
procedu res

Star/Lunar Landmark Navigation
Night phase with moon available
during m iss ion  time 2:32:00 to
2:47:00

Preparat ion for Delta V
Approx 5 minutes of c rew
procedu res  to compute del ta V
and p repa re  sys tems

Moni tor  -Con t ro l  Delta V

Fine A l ign  IMU and SCS
Approx 10 minutes of crew
p rocedu res

Navigation Sight ings
Measu re  earth orb i t  with U .S .
landmarks.  Approx 12 minutes
of landmark availabil ity

Preparat ion for Delta V
Approx 5 minutes of c rew
p rocedu res  to compute delta V
and p repa re  sys tems

Monitor-Control De l ta  V

Permi ts  landmark sight ings with
South Afr ican and Madagascar
landmarks

GMT and

(2:

(2:

(2:

. Miss ion  T ime

15:00)

25:00)

25 :00 )

Miss ion  C

(2:
(2:

(2:
(2:

(2:
(2:

(2
(2:

16:
(2:

{2
(2:

(3:
(3:

17

(3:
(3

17:
( 3 :

(3:

Approx
25:00) to
35 :00 )

25:00) to
45 :00 )

30 :00 )  to
45:00)

Approx
:40:00)  to
45 :00 )

45:33 GMT
45:33)

Approx
:46:00)  to
56:00)

Approx
01:00) to
13:00)

: 08 :02  GMT
:08:02)

Approx
25:00) to

: 30 :00 )

30:02 GMT
30 :02 )

Be fo re
34 :00 )

Geographic
Posi t ion

Approx
105° E to
155° E

Approx
120°  E to
175° W

Approx
120° E to
175° WwW

176° E,
0° Lat

Approx
176° E,
150° W

Approx
130° W to
75° W

98 .28°  W,
31 .69°  N

14 .0°  W,
0° Lat



Table 3 -8 .

Number -Miss ion

A B C D Miss ion Event

NA NA 10.2 NA

10.3 10.3 |]10.3 10 .3

10.4 110.4 |10.4 | 10 .4

Delta V
Retrograde from earth
orbit

11.1  11 .1  {11.1 J 11 .1

@ 1 6 | | 6 C/M-S /M  Separation

12.1  | 12.1

G10  ]|]0|06 . 05 g (Star t  Entry)

13.1 13.1 13.1 13.1

13.2 |13.2 [13.2 | 13.2

G16 | e  | 6 Touchdown
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Nominal Train ing M iss i on  (Cont)

Crew Activity and Notes

Navigation Sightings
Measure  orbi t  with South Afr ican
and Madagasca r  landmarks.
Approx 11 minutes of landmark
availability

Fine Al ign IMU and SCS
Approx 10 minutes of crew
procedu res

Preparat ion for Retrof i re
Approx 15 minutes of crew
p rocedu res  to compute re t ro
and p repa re  sys tems

Mon i to r -Con t ro l  Del ta V

Prepara t ion  f o r  C/M-S /M
Separa t ion

Approx 3 minutes of crew
procedures  to es tab l ish  systems
configuration for separation and
C /M independent operat ion

Monitor Separat ion

Preparat ion for Entry
Approx 4 minutes of checks of
C/M sys tems  independent
operat ion

Monitor .05 g

Monitor -Control  Entry

Monitor -cont ro l  parachute
deployment and earth landing
sequence

Start postlanding procedures

GM and
Miss ion  Time

Approx
(3:36:00)  to
(3:47:00)

Approx
(3:50:00) to
(4:00:00)

Approx
(4:00:00) to
(4:15:30)

18 :16 :00  GMT
(4:16:00)

Approx
(4 :16 :18)  to
(4:19:00)

Approx
18 :19 :00  GMT
(4:19:00)

Approx
( 4 :19 :00 )  to
(4:23:00)

Approx
18:23:00 GMT
(4:23:00)

Approx
(4:23:00)
(4:33:00)

Approx
(4:33:00) to
(4:40:00)

18 :40 :00 .  GMT
(4 :40 :00 )

Geographic
Pos i t ion

Approx
5° E to
48° E

Approx
64° E to
107°  E

162° E,
4° N

Approx
171° E,
11° N

179° E,
16° N

156° _W,
26° N

3 -81 /3 -  82
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Figure  3-37. Nominal M i ss i on  Char t ,  Orbi t  1
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BUILDING ADDITIONAL MISSIONS.

The p reced ing  paragraphs  have def ined the bas i c  dynamics of the nominal
training m iss i on  and four m i ss i on  plans to be used fo r  f l ight c rew  t ra in ing.
However ,  the data contained in this sec t i on  of the handbook can be t r ansposed
into many addit ional m i ss i on  p ro f i l es .  A few sugges t ions  fo l low.

Orbi ta l  Operat ions at 130 N Mi.

M i ss i on  C (Hohmann t r ans fe r s )  involves t rans fer r ing  f rom 105 -n  m i
altitude and back  again into the t h ree -o rb i t  m i ss i on .  Where  training in  orbi tal
operat ions at 130 -n  m i  altitude, and re t r o  and entry f rom that alt i tude is
des i red ,  the Hohmann t rans fer  back to 105 n m i  can be omitted. Data for entry
f rom 130 -n  m i  c i rcu la r  orb i t  is  included in  f igures 3-29 and 3 -30 .

Operat ions in  El l ip t ica l  Orbit.

M i ss i on  C (Hohmann t r ans fe r s )  involves t ransient  operat ions in  two
el l ip t ica l  o rb i t s .  By el iminating or postponing the c i rcu lar iza t ion  of these
o rb i t s ,  p rocedures  during e l l ip t ica l  o rb i t  can be p rac t i ced .  Dynamics data for
entry f rom the resu l t ing  105 /130 -n  m i  e l l ip t ica l  orb i t  can be found in
f igure 3-31. Geographic t race information for entry from per igee of
105 /130 -n  m i  e l l ip t ical  orb i t  during the third orbi t  can be found in f igure 3-32.

Miss ions  of Varying Durat ion.

Any of the f ou r -m iss i on  plans of the nominal training m iss i on  can be
abr idged to l ess  than, or  extended to mo re  than, the defined t h ree -o rb i t  du ra -
t ion.  Dynamic g raph ics  for  r e t r o  and entry f rom the var ious  nominal m i ss i on
o rb i t s ,  105 -n  m i  c i r cu la r ,  130 -n  m i  c i r cu la r ,  and 105 /130 -n  m i  elliptical, a re

prov ided in  f igures  3 -23 ,  3 -29 ,  and 3 -31 ,  r espec t i ve l y .  Geographic  t r ace  data
available in  this handbook for  a number of entry points is  l i s t ed  in  table 3 -6 .

However ,  the AMS permi ts  r e t r og rade  and entry f rom any point in  o rb i t .
Under these circumstances, the geograph ic  locat ion at which the var ious events
take p lace is  complete ly  var iable but the t ime- range-even t  re la t ionsh ip  between
the events  t hemse lves  remains  constant .  Since f i gu res  l i s t ed  in  table 3-6
conta in such  t ime - range -even t  data f o r  a l l  t h ree  va r i e t i es  of o rb i t ,  i t  i s  pos -

s ib le  to p repa re  geograph ic  t r ace  informat ion for re t rog rade  f rom any point in
the nominal m i ss i on  and /o r  any m iss i on  sustain ing nominal m i ss i on  cha rac te r -
i s t i c s  beyond the t h ree -o rb i t  def in i t ion. Prepara t ion  of such in format ion for
re t ro  and entry points,  other than those l i s ted  in table 3-6, is accompl ished  by
f inding appropr ia te  geograph ic  t r ace  information in  the exist ing g raph ics
( l i s t ed  in  table 3-6)  and t ranspos ing  the t r ace  to subtend f rom the des i r ed
orb i ta l  point of re t ro f i re  along the orb i ta l  path to the point of touchdown.

RCS Retrograde.

Miss ion  204A,  as def ined in MSC Note 65 -FM-58 ,  inc ludes a capabil i ty
to re t rog rade  f rom orbi t  us ing the RCS sys tem for r e t ro f i r e .  The M iss i on
204A sequence for  RCS re t rograde  can be approximated for  training pu rposes
by performing RCS retrof i re f rom the 105-n m i  c i rcular  orbi t  of the nominal
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t raining m iss i on .  Geograph ic  desc r ip t ions  of such an entry are  prov ided in
f i gu res  3-27 and 3-28. Data is also provided descr ib ing RCS re t ro  and entry
f rom Miss ion  204A (per MSC Note 65 -FM-58 ) .  F igures 3-22 and 3-23 desc r ibe
the geographic t race for Pacif ic and Atlantic r ecove ry  f rom such a re t ro  and
entry.

Nonoptimum Hohmann T rans fe r .

Miss ion  204A ,  as def ined in  MSC Note 65 -FM-58 ,  inc ludes  a nonoptimum
Hohmann t rans fe r  with the second  and third delta Vs of the m i ss i on .  Where it
is  des i rab le  to approximate the nonoptimum t rans fer  fo r  training pu rposes
using the AMS, M iss i on  204A thrusting events may be substituted for the f i rs t
and second  del ta V events  in  nominal M iss ion  C (Hohmann transfers).

Atlantic Range Recovery.

Plans for Mission 204A, publ ished subsequent to MSC Note 65 -FM-58 ,
ca l l  fo r  Atlantic range recove ry .  The t ra jec tory  for MSC Note 65 -FM-58  calls
for  r ecove ry  i n  the Paci f ic  range.

In  the nominal training m iss i on ,  the 16th orbi t  approaches  out of the wes t
ove r  southern Mex ico  and p roceeds  on a no r theas te rn  d i rec t ion  pass ing  east  of
Bermuda.  Ret ro f i re  is  over  southern Mexico for  a touchdown point eas t  of
Be rmuda .  Where use of th is range is  des i r ed  or required for  training pur -
poses, simulated MSFN stat ions and ships (numbers 7, 1, 8, and 3) may be
used  fo r  g round support.

Simulated re t rog rade  and entry in  the second  orb i t  wil l mo re  c lose ly
approximate the planned M iss i on  204A recove ry  with a point of r e t r o  off
Mexico and touchdown east of Bermuda. Geographic data for Atlantic range
recovery  during the 16th orbi t  at an altitude of 105 n m i  ( c i r cu la r )  is  provided
in  f igure 3-32.

ORGANIZATION OF THE TRAINING SYLLABUS.

The syllabus of training for the AMS is subdivided into types of training,
training exe rc i ses ,  training sess ions ,  and s imulator  runs.

The g ross  identification of syl labus mater ia l  is  by type of training... The
types  of t raining are the d i f ferent  manners  of s imulator ut i l izat ion in  a p ro -
g ress i ve  and developmental  training evolut ion. Th ree  types of training are
requ i red to complete the AMS sy l labus.  In  the o rde r  of accompl ishment ,  these
are  par t  t ask ,  m i ss i on  task ,  and typical  m i ss i on .

Each type of training involves seve ra l  training exe rc i ses .  Training
exe rc i ses  are def ined as b locks  or phases  of t ra in ing.  The accompl ishment  of
these b locks or phases  constitute spec i f i c  and signif icant training m i l es tones .
Exe rc i ses  a re  o rgan ized  in  a recommended  sequence for accomplishment.
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Each training exe rc i se  is  made up of a group of training sess ions .
Sessions are the basic element of the AMS syl labus;  each sess ion  being,
bas ica l l y ;  a l esson  in  spacec ra f t  opera t ion .  Sess ions  are genera l ly  compr i sed
of flight c rew  per formance of a l l  the var ia t ions of a g iven p rocedu re  o r
p rob lem.  While many of the sess ions  are  too complex to permi t  complet ion in
one continuous s i t t ing,  accomp l i shmen t  of  each  sess ion  should be d is t r ibu ted
in  a minimum of e l apsed  t ime to permit  maximum training use of compar i son
between the var ious e lements of the session.

Each of the training sess ions  is compr i sed  of a number of s imulator runs,
Simulator  runs a re  de f ined ,  fo r  pu rposes  of the handbook,  as each  d i f fe rent
operat ion of the s imulator  (be tween  RUN and RESET or RE-CYCLE)  fo r
training pu rposes .  The number of t imes  each pecu l ia r  run mus t  be i te ra ted  to
accomp l i sh  t ra in ing ob jec t i ves  is  not the sub jec t  of this handbook.

3 .3 .1  TYPES OF TRAINING.

This paragraph explains the three types of training identif ied in
paragraph 3 .3 .  Each  is  d i scussed  separa te ly .

3 .3 .1 .1  Par t  Task  Tra in ing.

Par t  task  training is  def ined as that training involving only one c rew-
member  and one i ns t ruc to r -ope ra to r .  The purpose  of such training is  to
provide individual c rewmembers  exper ience in the basic procedures and skil ls
requ i red  to operate the Apol lo spacecra f t .

3 .3 .1 .2  M iss i on  Task  Tra in ing.

The purpose  of  m i ss i on  task  training is  to provide flight c rewmembers
with training in the va r ious  spacec ra f t  p rocedures  fo r  accompl ish ing  spec i f i c
miss ion  even ts .  Train ing inc ludes  p rocedu res  f o r  both the dynamic m iss i on
events  ( launch and ascen t ,  abo r t ,  de l ta  V, en t ry ,  e t c . )  and the routine p ro -
cedures for sustaining spacecraf t  sys tems and monitoring flight path during
orb i ta l  operations.

3 .3 .1 .3  Typical  M i ss i on  Training.

Typical m i ss i on  training is  def ined as complete m iss i on  simulat ions
(usual ly  of shor t  durat ion) compr i sed  of events  and s i tuat ions se lec ted  for
pu rposes  of e f fect ive t ra in ing.  The pu rpose  of typical  m i ss i on  training is
twofo ld .  The f i r s t  pu rpose  is  to provide flight c rews  with exper ience  in  a
spec i f i c  set of s imulated m iss i ons  (that is ,  the nominal t ra ining m iss i on )  that
are  representat ive of a l l  aspec t s  of the planned Apol lo  M i ss i on  204A.  The
second  pu rpose  is to provide the f l ight c rew  training in  recove r ing  f rom
spec i f i c  m i ss i on  p rob lem si tuat ions by the t imely appl icat ion of c rew
procedures.
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3 .3 .2  IDENTIFICATION OF TRAINING SESSIONS. ®

An alphanumeric code has been estab l ished to identify training sessions
in the AMS training sy l labus.  The code is as fo l lows:

PT)
MT)  Type of training
TM)

1 . )
2.)  F i r s t ,  second, third, e t c . ,  exerc ise  within type
3 . )  of training
n.)

1)
2) F i r s t ,  second ,  third, e t c . ,  sess ion  within
3) exe rc i se
n)

Examples:

PT2 .3  is the third sess ion  of the second par t  task  exe rc i se .
MTI1 .2  i s  the second  sess ion  of the f i r s t  m i ss i on  t ask  exe rc i se .

There  is the possibility of adding a th i rd number to the code for  the @®
purpose  of identifying simulat ion runs within a given sess ion ;  for  example, -

PT2 .3 .1  is  the f i r s t  run of the third sess ion  of the second  par t  task  exe rc i se .
A complete outline of the AMS training sy l labus is  prov ided in  table 3 -9 .

3 .4  GENERAL DESCRIPTION, EXERCISES, AND SESSIONS.

The pu rpose  of the following paragraphs is  to explain the scope and
purpose  of each exe rc i se  and sess ion  in  table 3 -9 .  Deta i led descr ip t ions  of
and spec i f i c  ins t ruc t ions for  each sess ion  are  the subject  of sec t ion  2 (Sess ion
Data) of Volume II of this handbook,

3 .4 ,  1 SYSTEM PROCEDURES (EXERCISE PT1).

System p rocedu res  training accomp l i shed  in  this exe rc i se  encompasses
those  spacec ra f t  sys tem p rocedu res  (except  fo r  G&N)  that a re  re i te ra ted
throughout the m i ss i on  to use the sys tems ,  check sys tem s ta tus ,  maintain
sys tem status, and a l te r  sys tem mode of operation.

3 .4 .1 .1  SCS Operat ion (Sess ion  PT I1 .1 ) .

Th is  sess ion  is  compr i sed  of introduct ion to and p rac t i ce  in  operat ing
the SCS and G&N sys tems  as they re la te  to attitude con t ro l .  Training in
attitude manipulation with both S/M RCS and C /M  RCS is inc luded.  Availability
of the S - IVB  for  viewing through the spacec ra f t  windows is  s t rongly  r ecom-
mended .  External visibility of the S- IVB in  c l ose  proximity provides an
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Table 3-9. AMS Training Syllabus Outline

PART TASK TRAINING

SYSTEM PROCEDURES (Exe rc i se )

SCS opera t ion  ( sess ion )
RCS and SPS opera t ion  ( sess ion )
EPS opera t ion  ( sess ion )
ECS opera t ion  ( sess ion )
Watch stat ion procedures  (session)

NAVIGATION AND IMU ALIGNMENT (Exe rc i se )

IMU alignment ( sess ion )
Landmark tracking navigation ( sess ion )
Star - lunar  landmark navigat ion ( sess ion )
G&N cont ingencies (session)

DELTA V PROCEDURES (Exe rc i se )

Pr imary and backup del ta V modes  ( sess ion )
Ret rograde  f rom earth orb i t  ( sess ion )

ENTRY (Exe rc i se )

G&N mode entry ( sess ion )
Entry cont ingenc ies ( sess ion )

LAUNCH-BOOST AND ABORT (Exe rc i se )

Launch-boost p rocedu res  ( sess ion )
ILLES abor ts  ( sess ion )
SPS abor ts  ( sess ion )

MISSION TRAINING

PRELAUNCH, LAUNCH-BOOST,  ABORT (Exerc ise )

Prelaunch and launch-boost  ( sess ion )
LES abor ts  ( sess ion )
SPS abor t s  ( sess ion )

ORBITAL OPERATIONS (Exe rc i se )

Init ial ear th  orb i ta l  p rocedu res  ( sess ion )
Orbital  watch stat ion rout ines ( sess ion )
Transpos i t i on  and S - IVB  viewing ( sess ion )
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Table 3 -9 .  AMS Training Syl labus Outline (Cont)

MT3  PLANE CHANGE AND HOHMANN TRANSFER PROCEDURES (Exe rc i se )

MT3 .1  Plane change p rocedu res  ( sess ion )
MT3 .2  Hohmann t rans fe r  p rocedures  ( sess ion )

MT4  DEORBIT AND ENTRY (Exe rc i se )

MT4 .1  SPS deorb i t  and entry p rocedu res  ( sess ion )
MT4,  2 RCS deorbi t  and entry (session)
MT4.3  Ear ly m i ss i on  terminat ion ( sess ion )

TYPICAL MISSION TRAINING

TMI  BASIC NOMINAL MISSION (Exe rc i se )

TMI1 .1  Orbital m i ss i on  rout ines ( sess ion )
TM1. 2 Orbital miss ion / t ranspos i t ion  and docking (session)
TM1.3  Abort ive ear ly  m i ss i on  terminat ion ( sess ion )

TM2 NOMINAL MISSION, PLANE CHANGES (Exe rc i se )

TM2 .1  Plane change m iss i on  ( sess ion )
TMZ, 2 Plane change contingencies (session) |

TM3 NOMINAL MISSION, HOHMANN TRANSFERS (Exe rc i se )

TM3 .1  T rans fe rs  to 105 -n  m i / 130 -n  m i  e l l ip t ica l  orb i t  ( sess ion )
TM3. ,2  Hohmann t rans fe r  f rom 105 n m i  to 130 n m i  to 105 n m i  ( sess ion )

TM4 MISSION 204A EVENTS (Exe rc i se )

TM4.  1 Nonoptimum Hohmann t ransfer  ( sess ion )
TM4.  2 Second  orb i ta l  t rans fe r  ( sess ion )
TM4. 3 Final phase ,  M i ss i on  204A (SPS re t ro )  ( sess ion )
TM4.  4 Final  phase ,  M i ss i on  204A (RCS re t ro )  ( sess ion )

excel lent  media  for  observ ing the ra tes  and charac te r i s t i cs  of attitude and
translat ion changes under var ious c i r cums tances .  Runs involved are as
fo l lows:

e Walk-through of SCS setup, power -on  ver i f icat ion,  and SCS and G&N
attitude and translat ion control  modes (S/M RCS)

® Pract ice of SCS setup,  power -on  ver i f icat ion,  and SCS and G&N
attitude and t rans la t ion con t ro l  modes

® Pract ice  of S /M  RCS attitude control  in  G&N,  SCS, and manual
d i rec t  modes with selected S/M RCS jets inoperative
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@ Pract ice C/M RCS attitude contro l  (in nonaerodynamic free fal l )  in
G&N,  SCS, and manual d i r ec t  mode

e Pract ice  C /M  RCS attitude cont ro l  ( in nonaerodynamic free fall) in
G&N,  SCS, and manual d i r ec t  mode  with se lec ted  C /M  RCS j e t s
inoperat ive,

RCS and SPS Operat ion (Sess ion  PT1 .  2).

This sess ion  inc ludes demons t ra t ion  and p rac t i ce  of management and
operat ing p rocedu res  for  spacec ra f t  thrust ing sys tems .  Sys tems involved are
S /M  RCS, C /M  RCS, and SPS. P rocedu res  are organized so that a l l  can be
accompl i shed  by one c rewman moving f rom stat ion 3 to s tat ion 1. Runs
involved are as f o l l ows :

eo Walk- through of SPS propel lant  gag ing ,  g imbal  pos i t ion indicator
tes t ing ,  and SPS and RCS pe r iod i c  ve r i f i ca t ion .

e Walk-through of p rocedu res  for  prepar ing for and accomplishing
G&N mode delta V (stat ions 3 and 1)

e Pract ice prepar ing  for  and accomplishing G&N mode delta V
(stat ions 3 and 1)

e Walk-through of p rocedures  for SCS mode delta V (stat ion  1)

e Prac t ice  prepar ing for and accomplishing SCS mode delta V
(stat ions 3 and 1).

EPS Opera t ion  (Sess ion  PT I .  3).

Th is  sess ion  inc ludes demonst ra t ion  and p rac t i ce  of spacecra f t  p ro -

cedures  for  EPS opera t ion .  Runs involved are as fol lows:

e Walk- through of EPS per iod ic  checks ,  c ryogen ic  p ressu re  control,
and quantity balance

eo Walk- through-fuel  cel l  purge and bat tery charge

e Prac t i ce  EPS checks  with s imula ted malfunctions

oe Walk-through of fuel cel l  shutdown procedure.

ECS Opera t ion  (Sess ion  PTI1. 4).

This sess ion  compr i ses  the demonst ra t ion  and p rac t i ce  of spacec ra f t
p rocedu res  for  ECS opera t ion .  Simulat ions are al l  sh i r t s l eeve  with initial
walk- throughs fo l lowed by pract ice runs .  Runs involved are as fo l lows:

e Walk-through of init ial orbital ECS procedures (stat ions 1, 3, and 4)

® Pract ice  of initial orb i ta l  ECS p rocedu res
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eo Walk-through of routine orbi tal  ECS p rocedu res

e Walk-through ECS preparat ion for deorbi t  and entry

eo Pract ice  ECS preparat ion for deorbit  and entry

e Walk-through was te  management sys tem p rocedures

eo Walk-through demonstrat ion of ECS malfunctions, and alternate
modes  and procedures,

Watch  Stat ion P rocedu res  (Sess ion  PT1 .  5).

It  is  the purpose  of this sess ion  to provide the flight c rew  pract ice  i n
p rocedu res  for  routine per iod ic  checking and se rv ic ing  of spacecra f t  sys tems,
and the repor t ing  of sys tem status via the te lecommunicat ion system.  Runs
are as fol lows:

e Walk-~through communications procedures

e Prac t i ce  per iod ic  checks - EPS, ECS, SPS, S /M  RCS, and C /M  RCS
(without mal funct ions)

e P rac t i ce  pe r iod i c  checks  - EPS,  ECS,  SPS, and S /M  RCS and
C/M RCS with noncri t ical simulated malfunctions requir ing alternate
modes or redundant systems

e Prac t i ce  propel lant  quantity gaging p rocedu re ,  fuel ce l l  purge,
manual  p ressu re  con t ro l  ver i f i ca t ion ,  quantity balance verification,
and was te  wa te r  dump

e Pract ice removing and insert ing attenuator panels.

NAVIGATION AND IMU ALIGNMENT (EXERCISE PT2).

Th is  exe rc i se  prov ides training in the setup and opera t ion  of the G&N
sys tem.  Such training includes setup and read iness  status p rocedu res ,  equip-
ment operating p rocedu res ,  navigat ion techn iques ,  fault ana l ys i s ,  a l ternate
modes ,  and redundant sys tems .  There  are four  t ra ining sess ions  in  PT2 ,

IMU Alignment (Session PT2 ,1 ) .

This sess ion  in t roduces the opera t ion  of the G&N sys tem and includes
p rocedu res  for  G&N act ivat ion and IMU and AGCU (FDAI)  alignment. Runs
are as follows:

eo Walk-through of G&N act ivat ion, coarse and fine IMU al ignment
( no rma l  and manua l ) ,  and AGCU (FDAI)  alignment
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eo Pract ice of G&N activation, coarse and fine IMU alignment, and AGCU
(FDAI) alignment

@ Prac t i ce  of coarse  IMU alignment (manual).

Landmark Tracking Navigation (Sess ion  PT2.2) .

This sess ion  inc ludes  the p rocedu res  for  spacecra f t  navigation by the
landmark t racking technique us ing the spacec ra f t  G&N sys tem.  Landmark
se lec t i on  and recogni t ion  is  emphas ized  along with equipment operat ing
p rocedu res .  Runs are as follows:

eo Walk- through of landmark t racking navigation p rocedu res

e Prac t i ce  landmark tracking navigat ion p rocedu res

® Prac t i ce  G&N act ivat ion,  coa rse  and f ine IMU a l ignment ,  fol lowed
with orb i t  measurement  by the landmark tracking method.

Star -Lunar  Landmark Navigation (Sess ion  PT2 .  3).

This sess ion  is  to prov ide the f l ight c rew  training in  spacec ra f t  naviga-
t ion by the s ta r - lunar  landmark technique us ing the spacec ra f t  G&N sys tem.
Flight test ing of the technique is  one of the m i ss i on  ob jec t i ves  of 204A .  Runs
are  as fo l lows :

eo Walk-through of s ta r - lunar  landmark navigation p rocedures
® Prac t i ce  s ta r - lunar  landmark navigation procedures.

G&N Cont ingenc ies (Sess ion  PT2 .  4).

This sess ion  compr i ses  the demonst ra t ion and p rac t i ce  of G&N malfunc-
t i ons ,  spec ia l  p rocedu res ,  and al ternate modes .  Runs involved are as fo l lows :

e Prac t ice  G&N opera t ion  with va r ious  opt ical  subsys tem fa i lu res
® Prac t i ce  G&N opera t ion  with var ious  IMU subsys tem fa i lu res
eo Prac t ice  G&N opera t ion  with va r ious  AGC subsys tem failures.

DELTA V PROCEDURES (EXERCISE PT3).

Th is  exe rc i se  compr i ses  the c rew  p rocedu res  for  accompl ish ing  del ta V
and those  re la ted  navigat ion and sys tem p rocedu res  requ i red  to p repa re  for
del ta V. Such p repara t ions  include navigat ion for determin ing del ta V requ i re -
ments  and p repara t ion  of the SPS for  use .  The s imulat ion runs are o rgan ized
so that one c rewmember  may accomp l i sh  the ent i re  sequence  by moving f rom
stat ion 4 to s ta t ion  3 to stat ion 1. The exe rc i se  contains two training sessions.

Pr imary and Backup Del ta  V Modes  (Sess ion  PT3 .1 ) .

This sess ion  inc ludes introduct ion of the bas i c  del ta V p rocedu res  and
prac t ice  per forming delta V for  pu rposes  of al ter ing earth orb i t .  Four modes
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of del ta V are demonst ra ted and p rac t i ced .  The orbi ta l  change ob jec t ive  of ®
each run is the same, minus one degree plane change. Runs are as follows:

e Walk-through procedures for delta V in  the G&N, SCS, G&N/manual
TVC, and SCS/manual TVC modes

® Pract ice  p rocedu res  for  G&N mode del ta  V

® Prac t i ce  p rocedu res  for SCS mode delta V

e Prac t i ce  p rocedu res  for  del ta V in  the G&N/manual  TVC mode

e Prac t i ce  p rocedu res  for  del ta V in  the SCS/manua l  TVC mode.

Retrograde F rom Earth Orbi t  (Sess ion  PT3 ,  2).

This sess ion  provides training in  c rew  p rocedu res  fo r  prepar ing fo r  and
accompl ish ing re t rog rade  f rom ear th  orb i t  by means  of the spacec ra f t  service
propu ls ion  and react ion contro l  s ys tems .  Runs are as follows:

e Walk- through of p rocedures  for  prepar ing spacecra f t  s ys tems  for
re t rog rade

® Pract ice  final orbi t  navigation and sys tem p rocedu res  for  prepar ing
for  and accompl ish ing  SPS/G&N  mode re t rograde  @®

e Walk- through of p rocedures  for  p repar ing  for  and accompl ishing RCS
re t rograde

e® Prac t i ce  final orb i t  navigation and system p rocedu res  for prepar ing
for  and accompl ish ing  RCS re t rog rade .

ENTRY (EXERCISE PT4).

This exe rc i se  is provided to t rain flight crewmembers in the procedures
f o r  C /M-S /M  separa t i on ,  ent ry ,  and descen t  ope ra t i ons ,  Two  sess ions  a re
involved.

G&N Mode Entry (Sess ion  PT4.1).

Th is  sess ion  compr i ses  the demonstrat ion and p rac t i ce  of c rew  p ro -
cedu res  for  p repar ing  for  and accompl ish ing  C /M-S /M  separat ion,  prepar ing
for and accompl ishing G&N mode entry, and moni tor -contro l  of the earth
landing sequence .  Runs are as follows:

eo Walk- through of p rocedu res  for  p repar ing  fo r  and accompl ish ing
C/M-S /M separat ion,  preparing for and accomplishing G&N mode
entry ( f rom SPS re t ro ) ,  and monitor-control of the ea r th  landing
sequence
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@ e Pract ice  procedures  for  p repar ing for  and accompl ish ing C /M-S /M
separa t ion  and p repar ing  for  and accompl ishing G&N mode entry
( f rom SPS re t ro )

e Pract ice p rocedu res - f o r  prepar ing for  and accompl ish ing SPS re t ro -
g rade ,  C /M-S /M  separa t ion ,  G&N mode entry,  and mon i to r -cont ro l
of ear th  landing sequence.

3 .4 .4 .2  Entry Contingencies (Session PT4,  2).

This  sess ion  is  for  the pu rpose  of providing flight c rewmembers  training
in  the use of a l te rnate  modes ,  redundant sys tems ,  and manual ove r r i des  in
accompl i sh ing  entry and recovery  under sys tem malfunct ion c i rcumstances.
Runs are as f o l l ows :

eo Walk- through of p rocedu res  for  entry in  the SCS mode  (SPS re t ro
t ra jec to ry )

e P rac t i ce  SCS mode entry (SPS retro t r a j ec to r y )

e Practice entry (SPS re t ro  t ra jec to ry )  in  G&N mode with selected
C /M RCS je ts  inoperat ive

e Pract ice entry (SPS ret ro  t ra jec to ry )  in SCS mode with selected
C C /M RCS je t s  inoperat ive

e P rac t i ce  entry (SPS ret ro  t ra jec to ry )  in  manual d i r ec t  mode

e Prac t i ce  entry (SPS re t ro  t r a j ec to r y )  in  manual d i rec t  mode  with
se lec ted  C/M RCS j e t s  inoperat ive

e Pract ice  p repara t i on  fo r  separa t i on ,  preparat ion for  en t ry ,  SCS
mode  entry (SPS re t ro  t r a j ec to r y ) ,  and moni tor -cont ro l  of the earth
landing sequence  with sequenc ing malfunctions

® Prac t i ce  p repara t ion  fo r  and accompl ishment  of RCS retrograde,
separat ion,  and SCS mode en t ry .

3 .4 .5  LAUNCH-BOOST AND ABORT (EXERCISE PT5).

Th is  exe rc i se  p rov ides  demons t ra t ion  and p rac t i ce  of launch and ascen t
p rocedu res  fo r  s ta t ion  1. P rocedu res  include moni tor ing sequenced  events  on
the EDS d i sp lays ,  analyzing t r a j ec to r y  cha rac te r i s t i c s  on the bas i s  of FDAI
and AGC d i sp lays ,  recogn iz ing  abor t ive situations, and init iat ing and accom-
pl ish ing LES and SPS abo r t s .  Since pre launch p rocedu res  a re  p r imar i l y  a
coord ina ted c rew  activity, part  task t ra in ing fo r  that m i ss i on  phase would be
ineffect ive and none is  p resc r i bed .  The re  are three sess ions  in  exe rc i se  PT5 .
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Launch-Boost  P rocedu res  (Sess ion  PT5 .  1).

Th is  sess ion  is  to prov ide demonst ra t ion  and p rac t i ce  i n  the stat ion 1
f l ight crew procedures for launch and ascent to o rb i t .  Runs are as follows:

eo Walk-through of stat ion 1 launch and ascen t  p rocedu res
e P rac t i ce  of s ta t ion  1 launch and ascen t  procedures,

LES Abor ts  (Sess ion  PT5 .  2).

This sess ion  is  to provide fl ight crewmembers with exper ience  in  al l
aspec t s  of LES abor t  p rocedu res  fo r  stat ion 1. Runs involved are as follows:

e Walk-through of pad (and low-alt i tude be fore  +42 seconds)  abort
sequence

e Prac t i ce  p rocedu res  for  LES abor t  (42 seconds  to 30, 000 ft)

e Pract ice p rocedu res  for LES abor t  (30, 000 to 120, 000 f t )

e P rac t i ce  p rocedu res  for LES abor t  (120, 000 ft to LET  je t t i son)

eo Pract ice LES abort  (30, 000 to 120, 000 ft) with sequencing
malfunct ions

® Prac t i ce  low-al t i tude LES abor t  ( less  than 10, 000 f t)  with
sequencing malfunctions.

SPS Abor ts  (Sess ion  PT5 .  3).

The purpose  of th is  sess ion  is  to provide the flight c rew  training in
s ta t ion  1 p rocedu res  f o r  SPS abo r t .  As  the handbook goes  to  p ress ,  t he re  i s
insuf f ic ient  AMS and spacec ra f t  data to define the spec i f i c s  of par t  task
training in  SPS abo r t - t o -o rb i t  or  SPS abor t - to -suborb i ta l  t r a jec to ry  in  SCS
mode .  Runs in  sess ion  PT5 .3  are as follows:

® Walk-through of stat ion 1 procedures  for SPS re t rograde abor t - to -
suborbi ta l  t ra jec to ry  (G&N mode )

e P rac t i ce  stat ion 1 p rocedu res  for  SPS pos ig rade  abor t - to -suborb i ta l
t ra jec to ry  (G&N mode)

e Prac t i ce  stat ion 1 p rocedu res  for  SPS re t rog rade  abor t - to -suborb i ta l
t r a j ec to ry  (G&N mode)

® Prac t i ce  stat ion 1 p rocedu res  fo r  SPS pos ig rade  abort-to-orbit .

PRELAUNCH, LAUNCH-BOOST,  AND ABORT (EXERCISE MT1) .

Th is  exe rc i se  p rov ides  demonstrat ion of the coord inated c rew  p rocedures
for  prelaunch and c rew  prac t i ce  of p rocedu res  for  pre launch,  launch and
ascen t ,  LES abo r t s ,  and SPS abo r t s .  Simulated mal funct ions a re  used  to
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induce requi rements  fo r  pre launch and over r ide  of sequence events during
abo r t s .  Available data on SPS abo r t - t o -o rb i t ,  SCS mode ,  and SPS abor t  is
prohib i t ive to deta i led definition of t raining requ i red .  There are  four training
sess ions  in  MT4 .

Pre launch and Launch-Boos t  (Sess ion  MTI1. 1).

Th is  sess ion  compr i ses  the demonst ra t ion  and p rac t i ce  of c rew  p ro -
cedu res  for  prelaunch, launch,  and ascen t  to o rb i t .  Runs are as f o l l ows :

® Walk- through of c rew  p rocedu res  for  prelaunch

® Prac t i ce  c rew  p rocedu res  for  normal  prelaunch and launch-boost  to
orbit.

LLES Abor ts  (Sess ion  MTL .  2).

Th is  sess ion  p rov ides  demonst ra t ion and p rac t i ce  of flight c rew  p ro -
cedu res  for  LES abo r t s .  Runs are as fo l lows :

e Walk-through of c rew  p rocedu res  for  pad abor t
® Prac t i ce  c rew  p rocedu res  for  LES abor t  (+42 seconds to 30, 000 ft)
® Prac t i ce  c rew  p rocedu res  f o r  LES abo r t  (30 ,  000 to  120 ,  000 f t )
® Prac t i ce  c rew  p rocedu res  for  LES abor t  (120, 000 ft to LET  jettison).

SPS Abor ts  (Sess ion  MT .  3).

Th is  sess ion  is  to prov ide t ra in ing in  the in tegrated c rew  p rocedu res  for
SPS abo r t s .  Such p rocedu res  include both abo r t - t o -suborb i ta l  t r a j ec to ry  and
abo r t - t o -o rb i t .  Howeve r ,  as o f  the date of handbook pub l ica t ion ,  t he re  i s

insuf f ic ient  AMS and spacec ra f t  data to def ine the spec i f i c s  of m i ss i on  task
training in SPS abo r t - t o -o rb i t  or  SPS abo r t - t o - subo rb i t a l  t r a jec to ry  in  the SCS
mode .  Simulator runs are  as f o l l ows :

e Walk- through of in tegra ted  c rew  p rocedu res  for  SPS abo r t - t o -
suborbi ta l  t r a j ec to ry

® Pract ice  integrated crew procedures for SPS abor t - to -suborb i ta l
t ra jec to ry  due to boos te r  fai lure

e P rac t i ce  in tegrated c rew  p rocedu res  for  SPS abo r t - t o -o rb i t  because
of boos te r  fai lure

e@ Prac t i ce  recogn iz ing  spacec ra f t  s ys tem fa i l u res  requi r ing suborbi ta l
abort  and accompl ish ing SPS abort.

ORBITAL OPERATIONS (EXERCISE MT2).

It is  the pu rpose  of th is exe rc i se  to p rov ide  training in  c rew  p rocedu res
for  spacec ra f t  navigation and sys tems  management during routine phases  of
the ea r th  orb i ta l  m i ss i on .  T ranspos i t i on  of the spacec ra f t  fo r  S - IVB viewing
and s imulated docking has a lso  been included. There are th ree training
sess ions  in  MT2 .
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Initial Earth Orbital  P rocedu res  (Sess ion  MT2 .1 ) .

This sess ion  compr i ses  the demonst ra t ion  and p rac t i ce  of in tegra ted c rew
p rocedu res  fo r  the ini t ial  phases  of orbi ta l  ope ra t i ons .  Procedures  include
t ransfer  of systems configuration f rom launch-boost ,  init ial IMU alignment and
navigat ion, and sys tems  checkout.  Simulator runs are as fo l l ows :

e Walk- through of in tegrated c rew  p rocedu res  for  init ial phases  of
orbital  operat ions

@ Pract ice  c rew  p rocedu res  for  init ial phases  of orbi tal  opera t ions .

Orbi ta l  Watch Station Rout ines (Sess ion  MT2 .  2).

Training prov ided by th is  sess ion  is  for  two-man operat ion of the space-
cra f t  with the th i rd  c rewmember  in  r es t  cyc l e .  The th i rd member  is ,  of
cou rse ,  not i nvo lved  in  o r  r equ i red  f o r  the p rocedu res  invo lved .  C rew  ac t i v -
i t i es  include] pe r iod ic  sys tem checks ,  navigation and IMU al ignment,  sys tems
management and servicing, and sys tems  operat ion under reduced  power .  Only
one definit ive run is  involved.  Number of re i terat ions requ i red  for  training is
not the sub jec t  of th is  handbook.

Transpos i t ion  and S - IVB  Viewing (Sess ion  MT2 .  3).

Th is  sess ion  is  to provide the f l ight c rew  exper ience  in  spacec ra f t  t r ans -
pos i t ion and simulated docking.  One run with th ree  crewmembers is
p resc r i bed .  Crewmembers wi l l  take turns in  s tat ions 1, 2, and 3 f o r  pu rposes
of pract ic ing spacec ra f t  rotat ion and t rans la t ion in  stat ion 1, and fo r  exper ience
in  observ ing the S- IVB in stations 2 and 3.

PLANE CHANGE AND HOHMANN TRANSFER PROCEDURES (EXERCISE MT?3).

This exe rc i se  has been inc luded in the syl labus to provide c rew  training
in  the p rocedu res  for  p repar ing  for  and accompl ish ing del ta V fo r  d i f ferent
r easons  throughout the ea r th  o rb i ta l  m i ss i on .  P rocedu res  include navigation,
sys tems  prepara t ions ,  and SCS and G&N sys tem operat ion in  computing and
accompl ish ing del ta V. Two training sess ions  are involved. The sess ions  may
be accomp l i shed  with ei ther a two- or a t h ree -man  c rew .

Plane Change Procedures  (Session MT3,  1).

This sess ion  is  to demonstrate the in tegrated c rew  p rocedu res  for  p re -
par ing for  and accompl ish ing  G&N mode delta V, and to provide prac t ice  in  the
plane change appl icat ion of such p rocedu res .  Runs are as fbllows:

eo Walk-through of in tegrated c rew  p rocedures  for  p repar ing spacecra f t
sys tems  for  and accompl ish ing plane change ( -1  deg ree )  delta V

® Prac t i ce  in tegrated c rew  p rocedu res  for -1 deg ree  plane change
including measur ing  init ial o rb i t ,  aligning IMU, prepar ing spacecraf t
sys tems for delta V, delta V, and measur ing a l tered orbit.
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Hohmann Trans fer  Procedures  (Session MT3., 2).

The pu rpose  of th is  sess ion  i s  to  prov ide addit ional p rac t i ce  of  integrated
crew procedures  for G&N mode delta V by using such p rocedures  in the
Hohmann t rans fe r  appl icat ion.  Prac t i ce  of SCS mode delta V in  the same
appl icat ion is a lso  inc luded.  Simulator runs involved are  as follows:

e P rac t i ce  in tegra ted c rew  p rocedu res  for  Hohmann t r ans fe r  f r om
105 -n  m i  to 130 -n  m i  c i r cu la r  o rb i t  including measu r i ng  ini t ial  orbit,
IMU alignment, prepar ing for  and accompl ish ing  G&N del ta V to
t rans fe r  t r a j ec to r y ,  measur ing  t rans ient  orb i t ,  p repa r ing  for  and
accompl i sh ing  G&N delta V for  pu rpose  of c i rcu la r i za t ion ,  and
measur ing  the 130-n m i  orb i t

e Prac t i ce  in tegra ted  c rew  p rocedu res  for  Hohmann t rans fe r  f rom
130 -n  m i  c i r cu la r  o rb i t  to 105 -n  m i  c i rcu lar  orbi t  us ing SCS mode
f o r  de l ta  V ;  run to  inc lude measu r i ng  130 -n  m i  o rb i t ,  IMU alignment,
prepar ing  for  and accompl ish ing SCS del ta V to t rans fe r  t r a j ec to ry ,
measur ing  t rans ient  o rb i t ,  p repar ing for  and accomplishing SCS
delta V for purposes of c i rcu lar izat ion,  and measur ing the 105-n m i
orb i t .

DEORBIT AND-ENTRY (EXERCISE MT4) .

Th is  exe rc i se  is for  the pu rpose  of training the flight c rew  i n  coordinated
c rew  p rocedu res  for  p repar ing for  r e t ro f i r e  (navigat ionand sys tem  procedures),
deorb i t  maneuver,  prepar ing for and accompl ishing C /M-S /M  separat ion,  pre-
paring for and accompl ishing entry,  moni tor -cont ro l  of the earth landing
sequence ,  and post landing p rocedu res .  There  are three sess ions  in  the
exe rc i se .

SPS Deorb i t  and Entry Procedures  (Session MT4.  1).

This  sess ion  is  to in t roduce the in tegrated c rew  p rocedu res  for  prepar ing
f o r  and accompl ish ing the deorb i t  maneuver ,  C /M-S /M  separat ion,  entry ,
monitor - con t ro l  of the earth landing sequence ,  and post landing opera t ion  of
spacec ra f t  s ys tems .  P rocedu res  for  accompl ishment  in  both G&N and SCS
modes are inc luded.  Runs are as fo l lows:

e Walk- through of in tegra ted c rew  p rocedu res  for  p repar ing  spacec ra f t
sys tems  for  and accompl ish ing the deorb i t  maneuver (G&N mode )
C /M-S /M  separa t ion ,  G&N mode ent ry ,  the ear th  landing sequence ,
and post landing sys tem opera t ion

e Prac t i ce  c rew  p rocedu res  fo r  p repar ing  spacecra f t  s ys tems  for  G&N
deorb i t  maneuver  f rom 105 -n  m i  c i r cu la r  orb i t  and accompl ish ing
r e t r o f i r e ,  sepa ra t i on ,  G&N mode  en t ry ,  the ear th  landing sequence,
and post landing sys tem opera t ion

® Prac t i ce  c rew  p rocedu res  fo r  prepar ing spacecra f t  s ys tems  for  SPS
deorb i t  maneuver  f rom 105 -n  m i  c i rcu lar  orb i t  and accompl ish ing
SCS mode re t r o f i r e ,  separa t ion ,  SCS mode entry and the ea r th  landing
sequence ,

3-103



3 .4 .9 .3

3 .4 .10

3 .4 .10 . 1

3 -104

SMéT-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

RCS Deorb i t  and Entry P rocedu res  (Sess ion  MT4 .  2).

Th is  sess ion  is  to provide p rac t i ce  in  the in tegrated c rew  p rocedures
accompl ishing re t ro  and entry without the SPS by using RCS thrusting for
re t rog rade .  Entr ies in both the G&N and SCS modes are included. Runs are
as fo l lows :

e Pract ice c rew  p rocedu res  for prepar ing spacecra f t  sys tems for  RCS
re t rograde from 105-n m i  c i rcu lar  orbi t  and accomplishing ret rof i re
(RCS) ,  separat ion,  and G&N mode entry

® Pract ice crew procedures for prepar ing spacecraf t  sys tems for RCS
ret rograde f rom 105-n m i  c i rcu lar  orb i t  and accompl ishing retrof i re
(RCS), separat ion,  and SCS mode entry.

Ear ly  M i ss i on  Termination (Sess ion  MT4 .  3).

It is  the pu rpose  of this sess ion  to prov ide training in  the in tegrated c rew
p rocedu res  for  r ecove r i ng  f rom the extended m iss i on  conf igurat ion (one man in
res t  cyc l e ,  s ys tems  on minimum power )  and accompl i sh ing  an emergency
deorb i t  and en t r y .  Runs are as follows:

eo Walk- through of p rocedures  for ear l y  m i ss i on  terminat ion f rom orbi tal
opera t ions  conf igurat ion

® Prac t i ce  c rew  p rocedu res  fo r  ea r l y  m i ss i on  terminat ion f rom orbital
opera t ions  configuration.

BASIC NOMINAL MISSION (EXERCISE TM) .

A deta i led  desc r i p t i on  of the bas i c  nominal m i ss i on  and the c rew  ac t i v -
i t i es  involved is  p rov ided in pa rag raph  3 .2 .2  of th is  handbook. Th is  exe rc i se
is for  the pu rpose  of accompl i sh ing  training in  the m i ss i on  and c rew  act iv i t ies
desc r i bed  in  that paragraph.  The nominal  m i ss i on ,  t r anspos i t i on  and docking
desc r i bed  in  paragraph 3 .2 .5 ,  d i f f e rs  f r om the bas i c  nominal m i ss i on  in that
orb i ta l  routine opera t ions  in the bas i c  m i ss i on  have been rep laced  with
ex tens ive  p rac t i ce  i n  t ranspos i t i on ,  s imulated docking,  and S - IVB  viewing.
Because  of the similarity in  the two training m iss i ons ,  p rac t i ce  in  both has
been included in th is  exercise.

Orbi ta l  M i ss i on  Routines (Sess ion  TM1 .1 ) .

The sub jec t  of th is  sess ion  is  a comple te  t h ree -o rb i t  m i ss i on  involving
pre launch ,  launch,  and ascen t  to o rb i t ,  ini t ial  orb i ta l  p rocedu res ,  navigation
and IMU a l ignment ,  sys tems  checks  and se rv i c i ng ,  sys tems management
dur ing power  conse rva t i on ,  two -man  rou t ines  (with th i rd  c rewman  i n  r es t
cyc le ) ,  prepa ra t i on  f o r  and accomp l i shmen t  of deorb i t  maneuve r ,  C/M-S /M
separa t ion ,  entry and descent ,  and post landing p rocedu res .  Simulated
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malfunctions are used  to provoke use of spec ia l  p rocedu res ,  redundant systems,
and a l ternate modes .  Runs are as follows:

® Prac t i ce  c rew  p rocedu res  for  t h ree -o rb i t  bas i c  nominal  m i ss i on  with
s imulated malfunct ions to induce use of spec ia l  p rocedu res ;  a l ternate
modes  and redundant sys tems  in  o rb i t ;  and c rew  over r ide  of sequencing
even ts  dur ing C /M-S /M  sepa ra t i on ,  G&N mode en t ry ,  and descen t

® Pract ice c rew procedures  for th ree -o rb i t  basic nominal m i ss i on  with
simulated malfunct ions to induce use of spec ia l  p rocedu res ,  al ternate
modes  and redundant sys tems  in  o rb i t ,  and re t rog rade  and entry in
SCS mode.

Orbi ta l  M i ss i on -T ranspos i t i on  and Docking (Sess ion  TMI1. 2).

The pu rpose  of th is  sess ion  is  to prov ide the c rew  training in  the nominal
miss ion ,  t ranspos i t ion  and docking descr ibed  in paragraph 3 .2 .5 .  Only one
simulat ion run is  def ined:  a complete i te ra t ion  of the m i ss i on  def ined in
paragraph  3 .2 .5 .  The m iss i on  inclutles pre launch,  launch-boos t  to orbit,
navigat ion and IMU alignment, spacec ra f t  t ranspos i t i on  and s imula ted docking
with S - IVB ,  spacec ra f t  maneuve rs  for  pu rposes  of S - IVB  v iewing,  sys tems
checks  and se rv i c i ng ,  p repara t ion  for  and accomplishment of deorb i t  maneuver
C/M-S /M separat ion,  entry,  descent to touchdown, and postlanding procedures.

Abort ive Ear ly  M i ss i on  Terminat ion (Sess ion  TMI. 3).

I t  is  the pu rpose  of th is  sess ion  to provide c rew  training in  p rocedu res
for  recogn iz ing  requ i rements  fo r  and accompl i sh ing  ear ly  m i ss i on  terminat ion
f rom 105 -n  m i  ea r th  o rb i t .  Only one run is involved.  The run enta i ls  a com-
plete s imula ted m iss i on  f rom pre launch through en t ry .  The run inc ludes
prac t i ce  of c rew  p rocedu res  for  a s imula ted m iss i on  that r equ i res  ear l y  m i s -
s ion  terminat ion by SCS mode re t r og rade  and entry in  the second  orb i t  because
of spacec ra f t  mal funct ions.

NOMINAL MISSION, PLANE CHANGES (EXERCISE TM2).

A de ta i led  desc r i p t i on  of the nominal m i ss i on ,  plane changes ,  and the
c rew  act iv i t ies  involved is p rov ided  in  paragraph 3 .2 .3 .  This exe rc i se  is  fo r
the pu rpose  of accompl i sh ing  t ra in ing in  the m i ss i on  and c rew  act iv i t ies
desc r i bed  in  that paragraph.

Plane Change M iss i on  (Sess ion  TM2 .  1).

Train ing in  th is  sess ion  inc ludes  fur ther  p rac t i ce  of navigat ion, IMU
alignment, and sys tem management  p rocedu res  along with del ta V p rocedu res
for  the pu rpose  of changing orb i ta l  inc l inat ion.  Only one definitive run is
invo lved.  Number of re i te ra t ions  requ i red  for  t raining is not a sub jec t  of th is
handbook.  The run encompasses  a comp le te  s imula ted m iss i on  f rom launch
through touchdown. The run is as fo l l ows :  p rac t ice  p rocedu res  for  a s imu-
lated m iss i on  involving a - 1 -deg ree  change in  orbi ta l  incl inat ion,  fo l lowed one
orb i t  la ter  by a co r respond ing  +1 -deg ree  change (a l l  delta V maneuvers  in
G&N mode).
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Plane Change Contingencies (Sess ion  TM2.2). ®

This sess ion  p rov ides  training in  c rew  procedures  fo r  deal ing with var ious
m iss ion  and sys tem cont ingencies during the nominal m i ss i on  plane changes .
Each run compr i ses  a complete s imulated m iss i on  f rom launch through
touchdown. Runs are  as fo l lows:

e Pract ice  procedures  for a simulated m i ss i on  including a - l - deg ree
plane change and a +1 -deg ree  change one orbi t  la ter  with simulated
malfunct ions to  requi re  second  plane change,  r e t r og rade ,  and entry
in  the SCS mode

e Pract ice procedures  for a simulated m i ss i on  including a plane change
planned for  -1  deg ree ,  but resul t ing in  a l a rge r  change because  of
SPS over run  (manual thrusting cutof f ) ,  computation, and accomplishment
of plane change to in tercept  planned landing s i te,  and malfunctions
requir ing SCS mode re t rograde and manual d i rec t  mode entry,

NOMINAL MISSION, HOHMANN TRANSFERS (EXERCISE TM3).

In  the deta i led desc r ip t i on  of the nominal m i ss i on ,  Hohmann t rans fe rs
are  prov ided in  paragraph 3 .2 .4 .  This exe rc i se  is  for  the purpose of accom-
plishing training in  the m i ss i on  and c rew  act iv i t ies  desc r i bed  in  that paragraph.

Trans fe r  to 105 /130 -N  Mi  El l ipt ical  Orbi t  (Session TM3. 1).

The subject  of this training sess ion  is  a complete simulated m iss i on
f rom launch to touchdown involving t rans fe r  f rom 105 -n  m i  c i rcu lar  orbi t  to
105 /130 -n  m i  e l l ip t ica l  orbit. The pu rpose  of the sess ion  is  to provide further
p rac t i ce  of c rew  p rocedu res  for  navigat ion, IMU alignment, delta V, and
sys tem management along with c rew  exper ience operat ing in  e l l ip t ica l  orbit.
Only one definitive run is  involved. Number of re i te ra t ions requ i red  for
training is not a subject  of this handbook. The run is as fo l lows:  pract ice
procedures  for a simulated m i ss i on  involving t ransfer  f rom 105-n mi  c i rcular
orb i t  to 105 /130 -n  m i  e l l ip t ical  orb i t  with entry f rom orbi ta l  perigee.

Hohmann T rans fe r s ,  105 N M i  to 130 N M i  to 105 N M i  (Sess ion  TM3 .  2).

Training i n  th is  sess ion  p rov ides  st i l l  further pract ice in  c rew  p ro -
cedu res  for  navigation, IMU al ignment,  delta V, and sys tem management with
emphas is  on accompl ish ing delta V maneuve rs .  Each run entai ls  a complete
th ree -o rb i t  m i ss i on .  Runs a and b are  continuous f rom launch to touchdown.
Run c is the training summary and should be conducted f rom prelaunch through
postlanding p rocedu res .  Runs are as fo l lows :

a. Pract ice p rocedu res  for  a s imulated m iss i on  involving Hohmann t ransfer
f rom 105 -n  m i  orb i t  to 130 -n  m i  orb i t  and back  to 105 -n  m i  orbi t  (a l l  delta V
maneuvers in  G&N mode )

b. Pract ice procedures  for a simulated m iss ion  involving Hohmann
t ransfer  f rom 105 -n  m i  orbi t  to 130 -n  m i  orbi t  and back to 105 -n  m i  orbi t
(using simulated malfunctions to requ i re  final c i rcu lar iza t ion delta V, r e t r o -
grade and entry in the SCS mode)
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c. P rac t i ce  p rocedu res  for  a s imulated m iss i on  involving Hohmann t ransfer
t o  130 n m i  with malfunct ions to  induce az imuth e r ro r  in  130 -n  m i  o rb i t ,  com-

puting and accompl ishing plane change to intercept  planned landing site,
malfunct ions to induce SCS mode during the plane change re t r og rade ,  and entry.

MISSION 204A EVENTS (EXERCISE TM4).

This exe rc i se  is for  pu rposes  of t rans fe r r ing  training acqu i red  by flying
the nominal t raining m iss i on  to spec i f i c  c r i t i ca l  events  planned for  Apol lo
M iss i on  204A.  Runs are m i ss i on  segmen ts  rather  than comple te  missions.
The M iss i on  204A events  desc r i bed  in  th is  handbook are f rom MSC Internal
Note 65 -FM-58  (Apr i l  26, 1965). However ,  i t  is anticipated and recommended
that events f rom the l a tes t  204A planning avai lable at the t ime of t raining wil l
be se lec ted  and subst i tuted for  these  training sess ions  by NASA simulat ion
agencies.

Nonoptimum Hohmann Transfer  (Sess ion  TM4.  1).

M i ss i on  204A inc ludes a nonoptimum Hohmann t ransfer  ( l ess  than
180 deg rees  t rans fe r  t r a j ec to ry )  in  the 21st  revolut ion of the m i ss i on .  This
training sess ion  is  compr i sed  of one simulat ion run of that t rans fe r  and is
prov ided he re  for  c rew  training in  r ea l - t ime  accomplishment of that event .  It
is  sugges ted  that the t rans fe r  be made f rom the 105 -n  m i  to 130 -n  m i  orbi ts of
the nominal m i ss i on  ra ther  than the orbi ta l  charac te r i s t i cs  of M i ss i on  204A to
simpl i fy s imulat ion initialization,

Second Orbi ta l  T rans fe r  (Sess ion  TM4.  2).

M i ss i on  204A inc ludes an orbi ta l  t rans fe r  in the 157 th  and 158th  revo lu -
t i ons .  The t r ans fe r  inc ludes the sixth and seventh SPS f i r ings and changes the
orbi t  f rom approximately 125 -n  m i  c i r cu la r  orb i t  to a sl ightly e l l ip t ica l  orbit
of 105 /124  n mi .  Th is  training sess ion  is  compr i sed  of oné s imulat ion run
encompass ing  both del ta Vs and is  included in the syl labus to provide c rew
training in the rea l - t ime  accomplishment of the M iss ion  204A events.  The run
should include navigation and IMU alignment in  both o rb i t s .

Final  Phase ,  M i ss i on  204A (SPS Re t ro )  (Sess ion  TM4.  3).

SPS re t rog rade  for  M i ss i on  204A is  accomp l i shed  f rom the pe r i gee  of a
sl ight ly e l l ip t i ca l  orb i t  ( 105 /124  n m i )  with r ecove ry  near  Hawaii in  the Pacific
range .  Th is  t ra ining sess ion  is  to provide c rew  exper ience  in  the rea l - t ime
accomp l i shmen t  of  M i ss i on  204A  re t ro f i r e ,  en t ry ,  and recove ry .  Two  runs

are  defined.

® Prac t i ce  preparat ions ( including orb i ta l  measurement  and IMU
al ignment)  for  and accompl ishment  of M i ss i on  204A re t ro f i re  (G&N
mode) ,  entry (G&N mode ) ,  and r ecove ry

eo Prac t ice  sys tem preparat ions for  and accompl ishment  of M i ss i on  204A
ret rof i re  (SCS mode), entry (SCS mode), and recovery .
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3 .4 .13 ,4  Final  Phase ,  M i ss i on  204A (RCS Re t ro )  (Sess ion  TM4. 4). |

Miss ion  204A (as defined in MSC Note 65 -FM-58 )  inc ludes RCS re t rograde
f rom orbi t  as a cont ingency backup p rocedure  for  SPS deorb i t .  The purpose of
this training sess ion  is  to provide c rew  exper ience  in  the rea l - t ime  accomp l i sh -
ment of the 204A RCS deorb i t  maneuver .  Runs are as follows:

eo Prac t i ce  preparat ions ( including navigation and IMU alignment) for
accompl ishment  of RCS re t ro f i re  f rom M iss ion  204A,  entry (G&N
mode) ,  and r ecove ry

e® Pract ice  sys tem prepara t ions  for  accomplishment of RCS re t ro f i re
f rom Miss ion  204A, entry (SCS mode) ,  and recovery.

3 .5  APOLLO OPERATIONS HANDBOOK.

The spec i f i c  rev is ion  to the Apol lo Operat ions Handbook (SM2A-03) that
has been used  in p repar ing  this ins t ruc to r  handbook is that of October  15, 1965,
Howeve r ,  that revision to  the AOH has  spec i f i ca l l y  exc luded  SCS and G&N
procedures  as TBSL. Present  plans for the AOH do not include re-publ icat ion
of SM2A-03  (with SCS and G&N p rocedu res  inc luded) until Apr i l  15, 1966.  This
i s ,  of cou rse ,  too  la te f o r  use i n  the p repara t ion  of the SE 012 rev i s i on  to the
AMS Ins t ruc to r  Handbook.

The re fo re ,  i n  o rde r  to provide a complete ins t ruc tor  handbook for  use @®
with the simulator in Apr i l  of 1966, i t  becomes necessary  to re fe rence  and use
SCS and G&N p rocedu res  f rom Apol lo  Task  Ana l ys i s ,  MIT  Repo r t s ,  Apo l lo
Eng ineer ing  repo r t s  and l e t t e r s ,  e tc .  P rocedu res  for  SCS and G&N operat ion
wi l l ,  whe reve r  poss ib l e ,  be the re fe rence  data to ul t imately be used  in  p re -
par ing the next i te ra t ion  of the Apol lo  Operations Handbook. Inter im p rocedures
sou rces  for  SPS abor t  and RCS re t rog rade  are not identif ied at the t ime this
handbook goes to press,

Since SM2A-03  (Oc tobe r  15, 1965) is to be the c rew  p rocedures  re fe rence
(as augmented by other data of SCS and G&N) during training on the AMS, it is
necessa ry  to spec i f i ca l l y  define which port ions of the c rew  p rocedu res  con-
ta ined there in  are to be used  by the c rew  in  each increment  of t raining desc r i bed
in th is  i ns t ruc to r  handbook, The re fo re ,  s ince  a l l  spec i f i c  training increments
(excep t  for  exe rc i se  TM4)  are ,  by def ini t ion, with r espec t  to the nominal
training m iss i on ,  crew procedures f rom SM2A-03 (and other data on G&N)
mus t  be outl ined for  accompl ishment  of the training m iss i on .  Such is  the
pu rpose  of the fol lowing paragraphs  and re la ted  t ab les .

3 .5 .1  CREW PROCEDURES, BASIC NOMINAL TRAINING MISSION.

The basic nominal training m iss i on  is desc r ibed  in paragraph 3 .2 .2 ,
table 3-8, and f igures 3-37, 3-38, and 3-39 of this handbook, The basic
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nominal m i ss i on ,  o r  por t ions  t he reo f ,  i s  used  in  the fol lowing training

sessions.

PT1 .2  PT2 .2  PT4 ,  2 MT I1 .2  MT4 .  2

PT1 .3  PT2 .3  PT5 .1  MT I1 .3  MT4 .  3

PT1 .4  PT2 .4  PT5 .2  MT2 .1  TMI.  1

PT1 .5  PT3 .2  PT5 .3  MT2 .2  TM1 .3

PT2 .1  PT4 .1  MT I1 .1  MT4 ,  1

An  outline of SM2A-03  (and SID 65 -1231A)  p rocedu res  for  accompl ish ing

the bas i c  nominal m i ss i on  in  acco rdance  with "M iss i on  A' '  in  table 3-8  is

prov ided as table 3 -10 .
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Table 3 -10 .  C rew  P rocedu res ,  Bas i c  Nominal Train ing M iss i on

Miss ion  Event
Crew Activity SM2Z2A-03 10S

Mission Paragraph Data Sheet(s)
Time _ Table 3-7 | Table 3-8 | (15 October 1965) See Para,  3 .6 .5  Tit le

S1 8 .1  Prelaunch

Astronaut i ng ress

P1 .1 /P3 ,1  Initial checks

P1 .2 /P2 ,1 /P3 ,2  System verif icat ion

Hatch instal lat ion and C /M  purge
and. leak check

P1.3 /P2 .2 /P3 .3  Launch preparation

-00 :01 :00  S2 1 LAUNCH BOOST

-00:00:04 8.2 A l . 1 /A2 .1 /A3 .1  Ascent and initial orbi t

S- IB  engine ignition

Lift-off

Roll-pitch maneuver

Maximum dynamic pressure

S-1VB boost

Launch escape  tower  je t t i son

Maximum altitude

00:10:02 S3 2 ORBIT INSERTION

Orbi ta l  insertion

00:12:02 3 START FIRST ORBIT

‘Receive orb i t  confirmation

00:12:30 3 .1  Programed S- IVB ro l l  maneuver

00:15:00 4.1 8 .2  01 .1 /03 .1 /04 .1  Initial o rb i t  p rocedu res

00:20:00 4,2 NAVIGATION SIGHTINGS

8 .3 .1 .1  GN4 ,01  G&N system activation

8.3 GN4 .03 /GN4 ,  09/ Landmark sightings
GN4. 49 /GN4 .  50

00:42:00 4,4  Programmed S- IVB ro l l  maneuver

S4 COARSE AND FINE ALIGN IMU

00:48:00 4 .5 /4 .6  8 .3 /8 .3  GN4. 03 /GN4.  04/ IMU alignment ( coa rse  and fine)
GN4.06 /GN4 .  49/ |

GN4. 50

01:00:00 8 .3 .1 .6  EC3.01 ECS hourly flight verification

8 .3 .1 .5  EP3.10  EPS pe r i od i c  ver i f ica t ion

8 .3 .1 .4  RC2 .02  RCS pe r i od i c  ver i f i ca t ion

8 .3 .1 .3  SP3 .01 /SP3 .02  SPS per iod ic  ver i f icat ion

01:05:00 8 .3 .1 .5  EP3.05/EP3.06 . Fuel cell purge

01 :20 :00  4 .9  Programed S- IVB ro l l  maneuver
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01 :30 :00

01:30:00

01 :30 :00

01 :40 :02

01:52:00

02:15:00

02 :25 :00

02 :25 :00

02:46:00

03 :00 :00

03:01:00

03 :08 :02
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__ _

Tab le  3 -10 .  C rew  P rocedu res ,  Bas i c  Nominal  Tra in ing M iss i on  (Cont)

Miss ion  Event
Crew Activity SM2A-03  10S

Paragraph Data Sheet(s)
Tab le  3-7 | Tab le  3-8 | {15 October 1965) See Para. 3 .6 .5  T i t le

Jet t ison S-1IVB5.2 01 .3 /03 .3

5 .4  INITIATE TWO-MAN EXTENDED
MISSION OPERATIONS

Sh 5.5 NAVIGATION SIGHTINGS

8.3 GN4 .02 /GN4 .03 /  Landmark sighting
GN4 .09 /GN4 .  49/
GN4, 50

6 START SECOND ORBIT

Sé6 6.2 NAVIGATION SIGHTINGS

8.3 GN4, 03/GN4. 09 Landmark sighting
GN4. 49/GN4. 50

7.2 01 .2 /03 .2  BEGIN MINIMUM ACTIVITY
OPERATIONS

EC3 .01  ECS hour ly  flight ver i f icat ion

EC3 .10  EPS per iod ic  verification

RC2 ,02  RCS per iod ic  veri f icat ion

SP3 .01 /SP3 .02  SPS per iod ic  veri f icat ion

St 7.3 01 .2 /03 .2  TERMINATE MINIMUM ACTIVITY
OPERATIONS

TERMINATE TWO-MAN EXTENDED
MISSION PROCEDURES

7.6 8 .3  GN4 .01 /GN4 ,03 /  IMU or ientat ion determination
GN4.04/GN4. 49

8.1  FINE ALIGN IMU AND SCS

8 .3 .2  GN4 .03 /GN4 ,  07 IMU f ine alignment
GN4. 49/ GN4. 50

8 .3 .1 .7 .3  TC3 ,  04 Activate VHF-FM

8 .3 .1 .7 .  4 TC3 .02  Activate VHF -AM

S8 8 .3 .1 .6  EC3.01  ECS hourly flight verification

8 .3 .1 .5  EP3 .10  EPS pe r i od i c  verification

8 .3 .1 .4  RGC2.02 RCS pe r i od i c  ver i f i ca t ion

8 .3 .1 .3  SP3.01/SP3,02 SPS pe r iod i c  ver i f icat ion

NAVIGATION SIGHTINGS

8.2 GN4. 03 /GN4 .  09 Landmark sightings
GN4.49/GN4.50

9 START THIRD ORBIT

8 .3 .1 .5  EP3 .07  Bat tery charging

8 .3 .1 .7 .3  TC3 ,04  Deact ivate VHF -FM

8 .3 .1 .7 .1  TC3,.02 Deact ivate VHF -AM
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Table 3 -10 .  C rew  P rocedu res ,  Bas i c  Nominal Training M iss ion  (Cont)

Miss ion  Event
Crew Activity SM2A-03  10S

Miss ion Paragraph Data Sheet(s)
Time Table 3-7 | Tab le  3-8 | (15 October 1965) See Para .  3 .6 .5

S9 8 .3 .1 .6  EC3 .05

03 :50 :00  10 .3

8 .3 .2  GN4 .02 /GN4 .03 /
GN4 ,07 /GN4 .  49/
GN4. 50

04:40:00 14

8 .5  R1 .1 /R2 .1 /R3 .1 /
R4,1

Ti t le

Cabin cold-sgoak ope ra t i ons

FINE ALIGN IMU AND SCS

IMU f ine alignment

TOUCHDOWN

Post-touchdown
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CREW PROCEDURES,  NOMINAL MISSION - PLANE CHANGES,

The nominal m i ss i on ,  p lane changes  is desc r i bed  in paragraph 3. 2. 3,
table 3 -8 ,  and f i gu res  3 -37 ,  3 -38 ,  and 3 -39 .  The nominal m i ss i on ,  plane
changes, or  po r t i ons  thereo f ,  is  used in the fol lowing t ra in ing sess ions :

PT1 .1  PT3 .1  MT3 .1  TM2 .1  TMZ.  2

An outl ine of SM2A-03 (and SID 65 -1231A) p rocedures  for accom-
pl ishing the nominal m iss ion ,  plane changes, in accordance with "M iss ion  B"
in  table 3-8 is  p rov ided  as tab le 3 -11 .
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Tab le  3 -11 .  C rew  P rocedu res ,  Nominal  M i ss i on  — Plane Changes

Miss ion Event
Crew Activity SM2A-03  10S

Miss ion Paragraph Data Sheet(s)
T ime  Table  3 -7  | Tab le  3 -8  | (15 October  1965)  See Para .  3 .6 .5  T i t le

N/A  S1 8 .1  Prelaunch

Astronaut i ng ress

P1 .1 /P3 .1  Initial checks

P1 .2 /P2 .1 /P3 .2  System ver i f icat ion

Hatch instal lat ion and C /M  purge and
leak check

P1 .3 /P2 .2 /P3 .3  Launch preparat ion

-00 :01 :00  S2 1 LAUNCH BOOST

-00 :00 :04  8.2 Ascent  and initial orbit

S- IB engine ignit ion

Lift- off

Rol l -p i tch maneuver

Maximum dynamic p ressu re

S- IVB boost

Launch escape tower  jettison

Maximum altitude

00:10:02 S3 2 ORBIT INSERTION

Orbital inser t ion

00:12:02 3 START FIRST ORBIT

00:15:00 4 JETTISON S- IVB

00:15:00 4 ,1  8 .2  01 .1 /03 ,1 /04 .1  Initial orbit  p rocedures

00 :20 :00  4.2 NAVIGATION SIGHTINGS

8 .3 .1 .1  GN4. 01 G&N sys tem activation

8.3.2 GN4.03/GN4, 09 Landmark sighting
GN4. 49 /GN4 .  50

Pr io r  to
00:40:00 4,3 INHIBIT DAY TERMINATOR

00:40:00 S4 4.6 FINE ALIGN IMU AND SCS

8.3 GN4.03/GN4.07 ~ IMU fine alignment
GN4. 49 /GN4 .  50

00:55:00 4,7 ‘ NAVIGATION SIGHTINGS

8.3 GN4.03/GN4. 09 Landmark sightings
GN4. 49 /GN4.  50

01:00:00 8 .3 .1 .6  EC3.01 ECS hourly flight verification

8 .3 .1 .5  -EP3.10  EPS per iod ic  verif ication

8 .3 .1 .4  RC2 ,02  RCS per iod ic  verification

8 .3 .1 .3  SP3.01/SP3.02 SPS periodic verification
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Table 3 -11 .  C rew  P rocedu res ,  Nominal M i ss i on  — Plane Changes (Cont)

Miss ion  Event
Crew Activity SM2A-03  10S

Mission Paragraph Data Sheet(s)
Time Table 3-7 | Table 3-8 | (15 October 1965) See Para.  3 .6 .5  Tit le

8 .3 .1 .1  GN4.02  G&N per iod ic  ver i f icat ion

01:05:00 8 .3 .1 ,5  EP3 ,05 /EP3 .06  Fuel ce l l  purge

01:11:00 4 .8  PREPARATION FOR DELTA V

8.3 GN4 .02 /GN4 .03 /  G&N Del ta V mode
GN4 .07 /GN4 .12 /
GN1.13 /GN l .  40/
GN1.44 /GN4 .49 /
GN4 .50 /SP3 .04

8 .3 .1 .7 .2  TC3.21 C-band tracking and ranging, activate

01:17:44 5 DELTA V

G&N Delta V mode

01:19:00 8 .3 .1 .5  EP3 .07  Battery charging

8 .3 .1 .7 .2  TC3. 21 C-band t rack ing and ranging deact ivate

01:19:00 5 .1  FINE ALIGN IMU AND SCS

8.3 GN4 .03 /GN4 .07  IMU fine alignment
GN4 .49 /GN4 .  50

01:30:00 S5 5.5 NAVIGATION SIGHTINGS

8.3 GN4 .03 /GN4 .09  ‘Landmark sighting
GN4. 49 /GN4 .  50

01:38:02 6 START SECOND ORBIT

01:52:00 S6 6.2 NAVIGATION SIGHTING

8.3 GN4.,02/GN4.03/ Landmark sighting
GN4. 09 /GN4 .  49/
GN4. 50

EC3 .01  ECS hourly flight verif ication

EP3.10 EPS pe r i od i c  ve r i f i ca t ion

RC2.02  RCS pe r i od i c  verification

SP3 .01 /SP3 .02  SPS pe r i od i c  ver i f i ca t ion

02:03:00 S7 7 .1  FINE ALIGN IMU AND SCS

8.3 GN4 .03 /GN4 .  04/ IMU f ine alignment
GN4.07 /GN4 .  49/
GN4. 50

8 .3 .1 .7 .3  TC3 .04  Activate VHF-FM

8 .3 .1 .7 .1  TC3 ,02  Activate VHF -AM

02:40:00 7 .8  PREPARATION FOR DELTA V

8.3 GN4. 02 /GN4 .03 /  G&N de l ta  V mode
GN4 .07 /GN4 .12 /
GN1 .13 /GN1 .40 /
GN1. 44 /GN4.  49/
GN4 .50 /5P3 .  04
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T ime

02 :45 :33

02:46:00

03:01:00

03 :08 :02

03:50:00

04 :00 :00

04:16:00

04:16:18

04 :19 :00

04:19:00
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Table 3-11. Crew Procedures ,  Nominal M iss ion  — Plane Changes (Cont)

Miss ion  Event
Crew Activity SM2A-03

Paragraph
Table  3 -7  | Tab le  3 -8  (15 October  1965)

8 .3 .1 .7 .2

8

8.3

8 .3 .1 .7 .2

8.1

8.3

S8 8.2

8 .3 .1 .6

8 .3 .1 .5

8 .3 .1 .4

8 .3 .1 .3

8 .3 .1 .5

9

8 .3 .1 .5

S9 10.3

8 .3 .2 .1 .2

S10 10.4
S11

8 .4 /8 .3 .2 .4 .1

11

8.4

S12 11 .1

12

S13 12.1

10S
Data Sheet(s)

See Para.  3 .6 .5

TC3. 21

TC3. 21

GN4, 03 /GN4 .  07
GN4. 49/ GN4. 50

GN4 .02 /GN4 .03 /
GN4.09/GN4. ,  49/
GN4. 50

EC3 .01

EP3 .10

RC2 .02

SP3 .01 /SP3 .02

EP3 .07

EC3 .05

GN4 .02 /GN4 .03 /
GN4 .07 /GN4 .  49/
GN4. 50

E l . 1

E3 .1 /E4 .1

E l , 2 /E2 .1 /E3 .2

E l1 ,3 /E2 .2 /E3 .3

Ti t le

C-band  t rack ing and ranging,  act ivate

DELTA V

G&N de l ta  V mode

Deact ivate C-band tracking and
ranging

FINE ALIGN IMU AND SCS

IMU fine alignment

NAVIGATION SIGHTINGS

Landmark sightings

ECS hour ly flight veri f icat ion

. EPS per iod ic  verif ication

RCS pe r iod i c  veri f icat ion

SPS per iod ic  verification

Battery charg ing

START THIRD ORBIT

Cabin co ld - soak  operat ions

FINE ALIGN IMU AND SCS

IMU fine alignment

PREPARATION FOR RETROFIRE

Deorbit  and Entry

Deorb i t  de l ta  V p rocedures

G&N delta V mode

DELTA V

Postde l ta  V operat ions

PREPARATION FOR S /M-C /M
SEPARATION

Presepara t ion  operat ions

C /M-S /M  SEPARATION

Postseparat ion operat ions

PREPARATION FOR ENTRY

Pre-entry operat ions
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Table 3 -11 ,  C rew  P rocedu res ,  Nominal M i ss i on  — Plane Changes  (Cont)

C Miss ion  Event
) 

Crew Activity SM2A-03  IOS
Miss ion  Paragraph Data Sheet(s)

Time Table 3-7 | Table 3-8 | (15 October 1965) See Para.  3 .6 .5  T i t le

04 :23 :00  13 .05 G START ENTRY

Entry  operat ions

04:23:00 13 .1  MONITOR-CONTROL ENTRY

04:33:00 13.2 MONTIRO-CONTROL CHUTE

04:40:00 14 E l .  4 /E3 , . 4  ELS arming

TOUCHDOWN

R1.1 /R2 .1 /R3 .1 /
R4.1  Post-touchdown
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3 .5 .3  CREW PROCEDURES, NOMINAL MISSION - HOHMANN TRANSFERS.

The nominal m i ss i on ,  Hohmann t rans fe rs  is desc r i bed  in
paragraph 3 .2 .4 ,  table 3-8 ,  and f i gu res  3 -37 ,  3 -38 ,  and 3 -39 .  The
nominal m i ss i on ,  Hohmann t r ans fe r s  is  used in the following t ra in ing sessions:

MT3. 2 TM3.1  TM3. 2

An outline of SM2A-03 (and SID 65-1231A) procedures for accom-
plishing the nominal miss ion,  Hohmann t rans fe rs  in accordance with
"M i ss i on  C'" in  table 3-8  is p rov ided  in tab le 3 -12 .
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Table 3 -12 .  C rew  P rocedu res ,  Nominal M i ss i on ,  Hohmann Transfers

Miss ion  Event
Crew Activity SM2A-03  10S

Miss ion  Paragraph Data Sheet(s)
Time Table 3-7 | Table 3-8 | (15 October 1965) See Para,  3 .6 .5  T i t le

N /A  S1 8 .1  Prelaunch

Astronaut i ng ress

PT1 .1 /P3 .1  Initial checks

PT1 .2 /P2 .1 /P3 .2  Sys tem ver i f icat ion

Hatch instal lat ion and C /M purge
and leak check

P1 .3 /P2 .2 /P3 .3  Launch preparat ion

-00:01 :00  S2 1 LAUNCH BOOST

-00 :00 :04  8.2 Ascen t  and initial o rb i t

S- IB engine ignition

Lif t-off

Rol l -p i tch maneuver

Maximum dynamic p ressu re .

S- IVB boost

Launch escape tower  je t t i son

Maximum altitude

00:10:02 S3 2 ORBIT INSERTION

Orbital inser t ion

00:12:02 3 START FIRST ORBIT

00:15:00 4 JETTISON S- IVB

00:15:00 4.1 8.2 01 .1 /03 .1 /04 .1  Initial orbi t  p rocedu res

00:20:00 4.2 NAVIGATION SIGHTINGS

8 .3 .1 .1 /  GN4.02/GN4.03/ Landmark sightings
8 .3 .2 .2 .1  GN4 .09 /GN4 .49/

GN4. 50

Pr ior  to 4,3 INHIBIT DAY TERMINATOR
00:40:00

00:40:00 S4 4.6 FINE ALIGN IMU AND SCS

8 .3 .2 .1 .2  GN4.03/GN4. 04/ IMU fine alignment
GN4.07/GN4.  49/
GN4. 50

00:55:00 4.7 NAVIGATIONAL SIGHTINGS

8 .3 .2 .2 .1  GN4.02/GN4.03/ Landmark sighting
GN4.09/GN4. 49/
GN4. 50

01:00:00 8 .3 .1 .6  EC3.01 ECS hourly flight verification

8 .3 .1 .5  EP3 .10  EPS per iod ic  veri f icat ion
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Miss ion
Time

01:05:00

01 :11 :00

01 :17 :44

01:19:00

01:19:00

01 :30 :00

01 :40 :02

01 :40 :00

01:57:00
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Table 3 -12 .  C rew  P rocedures ,  Nominal M iss ion ,  Hohmann Trans fe rs  (Cont)

Miss ion  Event
Crew Activity

Table 3-7 | Table 3-8

S5 5.5

S6 6 .1

SMZ2A-03
Paragraph

(15 October 1965)

8 .3 .1 .4

8 .3 .1 .3

8 .3 .1 .5

8 .3 .2 .4 .1

8 .3 .1 .7 .2

8 .3 .2 .1 .2

8 .3 .2 .2 .1

8 .3 .2 .1 .1

8 .3 .1 .7 .3

8 .3 .1 .7 .1

8.3

8 .3 .1 .7 .2

10S
Data Sheet(s)

See Para. 3 .6 .5

RC3 ,02

SP3 .01 /SP3 .02

EP3 .05 /EP3 ,06

GN4 .02 /GN4 .03 /
GN4 .04 /GN4 .07 /
GN4 .12 /GN1 .13 /
GN1.40/GNl1.  44/
SP3 .04

TC3 .21

EP3 .07

 TC3 .  21

GN4.03/GN4,04/
GN4.07/GN4. 49/
GN4. 50

GN4, 03 /GN4 .09 /
GN4. 49/ GN4, 50

GN4.03 /GN4 .07
GN4. 49 /GN4. 50

EC3 .01

EP3.  10

RC2.02

SP3.01/SP3.02

| TC3 .04

TC3.,02

GN4 .02 /GN4 .03 /
GN4 .04 /GN4 .07 /
GN4 .49 /GN4 .50 /
SP3 .04

TC3 .21

Tit le

RCS per iod ic  verification

SPS per iod ic  verification

Fuel ce l l  purge

PREPARATION FOR DELTA V

G&N de l t a  V mode

C-band tracking and ranging,
activate

DELTA V

G&N del ta  V mode

Battery charging

C-band tracking and ranging,
deact ivate

FINE ALIGN IMU AND SCS

IMU fine alignment

NAVIGATION SIGHTINGS

Landmark sighting

START SECOND ORBIT

FINE ALIGN IMU AND SCS

IMU f ine alignment

ECS hour ly  flight verification

EPS per iod ic  verification

RCS per iod ic  verif ication

SPS per iod ic  verification

Activate VHF-FM

Activate VHF-AM

PREPARATION FOR DELTA V

G&N de l ta  V mode

C-band tracking and ranging
activate



Miss ion
T ime

Pr i o r  to
02 :10 :00

02:02:26

02 :03 :00

02:25:00

02:40:00

02:45:33

02:46:00

03 :01 :00

03:08:02
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Miss ion  Event
Crew Activity SM2A-03

Paragraph
Table 3-7 | Table 3-8 | (15 October 1965)

6 .4

7 8.3

7 .1  8.1

S57 7.5

8 .3 .2 .2 .1

8 .3 .1 .7 .3

8 .3 .1 .7 .1

7.9

8 .3 .2 .7 .1

8

S8 8 .1

8.2

9

8 .3 .1 .5

8 .3 .1 .3

10S
Data Sheet(s)

See Para ,  3 .6 .5

TC3 .21

GN4,02 /GN4 . ,03 /
GN4 ,04 /GN4 .07 /

| GN4. 49/ GN4. 50

GN4 .02 /GN4 ,03 /
GN4 .09 /GN4 .  49/
GIN4. 50

TC3 .04

TC3 ,02

GN4 . ,02 /GN4 .03 /
GN4 .04 /GN4 .07 /
GN4. 49 /GN4 .  50/
SP4 ,03

TC3 .21

EP3 ,07

TC3 .21

GN4.03/GN4,04/
GN4.07/GN4, 49/
GN4. 50

GN4.03 /GN4 .09 /
GN4. 49/GN4. 50

EC3 .01

EP3 .10

RC2 ,02

SP3 .01 /SP3 ,02

GN4. 02

Crew P rocedu res ,  Nominal M i ss i on ,  Hohmann T rans fe r s  (Cont)

Tit le

INHIBIT BAY TERMINATOR

DELTA V

G&N de l t a  V mode

Deact ivate C -band  t rack ing and
ranging

FINE ALIGN IMU AND SCS

NAVIGATION SIGHTINGS

Landmark sightings

Activate VHF-FM

Activate VHF -AM

PREPARATION FOR DELTA V

G&N de l t a  V mode

C-band tracking and ranging,
activate

DELTA V

G&N de l ta  V mode

Bat tery charging

C-band t racking and ranging,
deac t i va te

FINE ALIGN IMU AND SCS

IMU f ine alighment

NAVIGATION SIGHTINGS

Landmark sightings

START THIRD ORBIT

ECS hour ly  fl ight ver i f icat ion

EPS per iod ic  verification

RCS pe r iod i c  verification

SPS pe r i od i c  ver i f icat ion

G&N pe r iod i c  verification
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Table 3 -12 .  C rew  P rocedu res ,  Nominal M i ss i on ,  Hohmann Trans fe rs  (Cont)

Miss ion  Event
Crew Activity

Miss ion
T ime Table 3 .7

03 :25 :00

03 :30 :02

Pr io r  to
03 :34 :00

03:36:00 S9

03 :50 :00

04 :00 :00  S10
S11

04 :16 :00
04 :22 :00

04:16:18 S12

04 :19 :00

04:19:00 S13

04 :23 :00

3 -122

Table 3 -8

9.2

10

10 .1

10 .2

10.3

10.4

11

11 .1

12

12.1

13

SM2A-03
Paragraph

(15 October 1965)

8 .3 .2 .4 .1

8 .3 .1 .7 .2

8 .3 .2 .4 .1

8 .3 .1 .5

8 .3 .1 .7 .2

8.3

8 .3 .1 .7 .3

8 .3 .1 .7 .1

8 .3 .1 .5

8 .4 /8 .3 .2 .4 ,1

10S
Data Sheet(s)

See Para.  3 .6 .5

GN4.03/GN4. 04/
GN4,07 /GN4 .  49/
GN4.50/SP3. 04

TC3 .21

EP3., 07

TC3 .21

GN4 .02 /GN4 .  09
GN4 .49 /GN4 .50

TC3 .04

TC3 .02

EC3 .05

GN4 .02 /GN4 ,03 /
GN4 .04 /GN4 ,07 /
GN4. 49 /GN4 .  50

E l . 1

E3 .1 /E4 .1

E l . 2 /E2 .1 /E3 .2

E l . 3 /E2 , . 2 /E3 .3

Ti t le

PREPARATION FOR DELTA V

G&N de l ta  V mode

C-band tracking and ranging,
activate

DELTA V

G&N del ta V mode

Bat tery  charging

C-band t rack ing and ranging,
deact ivate

INHIBIT DAY TERMINATOR

NAVIGATION SIGHTINGS

Landmark sight ings

Deact ivate VHF -FM

Deact ivate VHF -AM

Cabin co ld - soak  operat ions

FINE ALIGN IMU AND SCS

IMU fine alignment

PREPARATION FOR RETROFIRE

Deorbi t  and Entry

Deorbi t  del ta V p rocedu res

G&N del ta  V mode

DELTA V

Postdel ta V operat ions

PREPARATION FOR S /M-C /M
SEPARATION

Presepara t ion  operat ions

C/M-S /M SEPARATION

Postseparat ion  opera t ions

PREPARATION FOR ENTRY

Pre -en t r y  opera t ions

.05 G START ENTRY

Entry operat ions

1



D

Miss ion
T ime

04:23:00

04 :33 :00

04 :40 :00

04:40:00
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Table 3 -12 .  C rew  P rocedu res ,  Nominal M i ss i on ,  Hohmann T rans fe rs  (Cont)

Miss ion  Event
Crew Activity SMZ2A-03 IOS

Paragraph Data Sheet(s)
Table 3-7 | Table 3-8 | (15 October 1965) See Para.  3 .6 .5  Ti t le

13 .1  . MONITOR-CONTROL ENTRY

13 .2  MONITOR-CONTROL PARACHUTE
DEPLOYMENT AND ELS

14 E l . 4 /E3 .4  ELS  arming

TOUCHDOWN

8.5 R1 .1 /R2 .1 /R3 .1 /  Post- touchdown
R4.1
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CREW PROCEDURES,  NOMINAL MISSION - TRANSPOSITION AND DOCKING. |

The nominal m i ss i on ,  t ranspos i t i on  and docking is  desc r i bed  in
paragraph 3 .2 .5 ,  table 3-8, and f igures  3-37, 3-38, 3-39. The nominal
m iss ion ,  t ranspos i t ion and docking is used in the following training sessions:

PT1 .1  PT1 .2  MT2 .3  TM1 .2

An outl ine of SM2A-03 (and SID 65-1231A) p rocedures  for accom-
pl ishing the nominal m iss ion ,  t ransposi t ion and docking in accordance with
"M i ss i on  D'" in  table 3-8  is  p rov ided  in table 3 -13 .

9



Mission
. T ime

-00:01:00

- 00 :00 :04

00 :10 :02

00 :12 :02

00:12:30

00 :15 :00

00:20:00

00 :42 :00

00 :48 :00

01:00:00

01 :05 :00

01:20:00

oo  Co

Table 3 -13 .
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Crew P rocedu res ,  Nominal Mission, T ranspos i t ion  and Docking

Miss ion Event
Crew Activity

Table 3-7

S1

S2

S3

S4

Table  3 -8

4 .5 /4 .6

4.9

SM2A-03
Paragraph

(15 October 1965)

8 .1

8 .3 /8 .3

8 .3 .1 .6

8 .3 .1 .5

8 .3 .1 .4

8 .3 .1 .3

8 .3 .1 .5

10S
Data Sheet(s)

See Para .  3 .6 .5

P l .1 /P3 .1

P l . 2 /P2 .1 /3 .2

P1 .3 /P2 .2 /P3 .3

A l . 1 /A2 , . 1 /A3 .1

01 .1 /03 .1 /04 .1

GN4.01

GN4 .03 /GN4 ,  09/
GN4. 49/ GN4. 50

GN4.03 /GN4 .04 /
GN4 .06 /GN4 ,  49/
GN4. 50

EC3 .01

EP3 .10

RC2 .00

SP3 .00 /SP3 .02

EP3 .05 /EP3 .06

Tit le

Prelaunch

Astronaut ingress

Initial checks

System ver i f icat ion

Hatch instal lat ion and C /M
purge and leak check

Launch preparat ion

LAUNCH BOOST

Ascent  and initial orb i t

S- IB  engine ignit ion

~ Lift-off

Rol l -pi tch maneuver

Maximum dynamic p ressu re

S5-1IVB boost

Launch escape tower jettison

Maximum altitude

ORBIT INSERTION

Orbital inser t ion

START FIRST ORBIT

‘Rece i ve  o rb i t  confirmation

Programed S-IVB rol l  maneuver

Initial o rb i t  p rocedures

NAVIGATION SIGHTINGS

G&N sys tem activiation

Landmark sighting

Programed S- IVB rol l  maneuver

COARSE AND FINE ALIGN IMU

IMU al ignment ( coa rse  and f i ne )

ECS hourly flight verification

EPS pe r i od i c  verification

RCS per iod ic  ver i f icat ion

SPS pe r i od i c  ver i f icat ion

Fuel ce l l  purge

Programed S-1IVB rol l  maneuver
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Table 3 -13 .  C rew  P rocedu res ,  Nominal M i ss i on ,  Transpos i t ion  and Docking (Cont)

Miss ion  Event
Crew Activity SM2A-03  IOS

Miss ion Paragraph Data Sheet(s)
T ime Table 3-7 | Table 3-8 | (15 October 1965) See Para, 3 .6 .5  Tit le

01:30:00 5.2 01.3/03.3 Jettison S-IVB

01:30:00 S5 5.3 Perform transposition and
dock ing

01:40:02 6 START SECOND ORBIT

EC3 .01  ECS hourly flight ver i f icat ion

EP3.10 EPS periodic verification

RC2.02  RCS per iod ic  ver i f icat ion

SP3.01/SP3.02 SPS periodic verification

02:25:00 7 .4  Secure f rom transposition and
docking maneuvers

02:30:00 S7 7 .7  STAR/LUNAR NAVIGATION

8 .3 .2 .2 .1  GN4.02/GN4.03 Lunar landmark sightings
GN4. 10

02 :40 :00

02:46:00 8 .1  FINE ALIGN IMU AND SCS

8.3 GN4, 03/GN4. 04/ IMU fine alignment
GN4,07 /GN4 .49 /
GN4. 50

03:01:00 S8 8.2 NAVIGATION SIGHTINGS

8.3 GN4 .02 /GN4 .03 /  Landmark sightings
GN4 .09 /GN4 .  49/
GN4, 50

03:06:02 9 START THIRD ORBIT

8 .3 .1 .6  EC3.01 ECS hourly flight verification

8 .3 .1 .5  EP3 .10  EPS per iod ic  verif ication

8 .3 .1 .4  RC2 .02  RCS per iod ic  verification

8 .3 .1 .3  SP3.01/SP3.02 SPS periodic verification

8 .3 .1 .5  EP3.,07 Battery charging

8 .3 .1 .7 .3  TC3 .04  Activate VHF-FM

8 .3 .1 .7 .1  TC3 .01  Activate VHF-AM

8 .3 .1 .6  EC3.05 Cabin cold-soak operations

03:50:00 S9 10.3 FINE ALIGN IMU AND SCS

8 .3 .2  GN4 .03 /GN4 .  04/
GN4 .07 /GN4 .  49/
GN4. 50

04:00:00 S10 10 .4  PREPARATION FOR RETROFIRE
S11
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Table 3 -13 .  C rew  Procedures, Nominal M iss ion ,  Transpos i t ion  and Docking (Cont)
Miss ion  Event
Crew Activity SM2A-03  IOS

Miss ion Paragraph Data Sheet(s)
Time Table 3 -7  | Table 3 -8  (15 October 1965 )  See Para.  3 .6 .5  T i t l e

Deorb i t  and Entry

8 .4 .1 /13 .2  E l . 1  Deorb i t  de l t a  V p rocedu res

E3 .1 /E4 .1  G&N de l t a  V mode

04:16:00 11 DELTA V

8.4 E l . 2 /E2 .1 /E3 .2  Postdel ta V operations

04:16:18 S12 11 ,1  PREPARATION FOR S /M-C /M
SEPARATION

Presepara t ion  operat ions

04:19:00 12 C /M-S /M  SEPARATION

E l .3 /E2 .2 /E3 .3  Postsepara t ion  operat ions

04:19:00 S13 12.1  PREPARATION FOR ENTRY

Pre-en t ry  operat ions

04:23:00 13 .05 G START ENTRY

Entry operat ions

04 :23 :00  13 .1  MONITOR-CONTROL ENTRY

04:33:00 13.2 MONITOR-CONTROL PARACHUTE
DEPLOYMENT AND ELS

04:40:00 14 E l . 4 /E3 .4  ELS arming

TOUCHDOWN

8.5 R1.1 /R2.1 /R3.1 /  Post-touchdown
R4.1
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VARIATIONS IN  NOMINAL MISSION,

The AMS sy l labus p rov ided  in this sec t i on  of the ins t ruc to r  handbook
r equ i res  three var ia t ions of the nominal t raining m iss i on .  The three
var ia t ions  are as fo l lows:

e Aborts f rom suborbi tal  t ra jec to ry
e Ear l y  m i ss i on  terminat ion form orbit
e RCS re t rog rade  f rom entry.

Suborbi ta l  Abo r t s .

Suborbital aborts and re la ted  crew p rocedures  are the subject  of
sect ion  9.2 of the 15 October rev is ion  to the AOH. However ,  that par t icular
rev is ion  to the AOH includes only LES aborts and designates SPS abort to
orbi t  as TBSL.  Procedures  to be used in the AMS for SPS abort have not
been ident i f ied at th is  time.

In  the AMS all abor ts  (except pad abor t )  are in i t iated f rom the p re -
p rog ramed  l aunch -boos t  t ape .  A t  the point  of abor t  i n i t i a t ion ,  the
p rep rog ramed  cha rac te r i s t i c s  of the tape are d iscon t inued  and a fuel
simulation of the abor t  is accomp l i shed .  Methods  of abort  in i t ia t ion are
de f ined  in sec t i on  1 (AMS Operation) of Volume II of th is  handbook.
Tra in ing  sess ions  involving suborbital  abor ts  are as fo l lows:

PT 5 .2  LES  abo r t s
PT 5.3 SPS abor ts
MT  1 .2  LES abor ts
MT  1 .3  SPS aborts.

Ear ly  M iss ion  Termination from Orbit.

Ear l y  m i ss i on  te rmina t ion  is used in  conjunction with the nominal
t ra in ing m iss i on  for  two pu rposes .  The f i r s t  is  to conc lude  t ra in ing m iss i on
during the second  o rb i t  when p rocedu res  to be p rac t i ced  do not r equ i re  the
e lapsed  t ime of the th i rd  o rb i t .  The second  pu rpose  is to p rov ide  the c rew
with t ra in ing  in  r ecogn i z i ng  requ i rements  fo r  and accompl ish ing ea r l y
m iss i on  terminat ion because  of c r i t i ca l  spacec ra f t  malfunctions and /o r
other  con t i ngenc ies .  Tra in ing sess ions  involving ea r l y  m i ss i on  termination
are as f o l l ows :

MT4 .3  Ea r l y  m i ss i on  terminat ion
TMI1 .3  Abort ive ea r l y  m i ss i on  te rm ina t ion
TM3.1  T rans fe r  to 105 /130-n  m i  e l l ip t ica l  orb i t
TM3.2  T rans fe r  to 130 -n  m i  c i r cu la r  orbit.

Procedures  for ear ly  m i ss i on  terminat ion are the same as for entry
on the th i rd  orb i t  of the nominal  m i ss i on .
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CJ  3 .5 .5 .3  RCS Ret rograde for Entry.

Plans fo r  M i ss ion  204A inc lude a capabi l i ty  to accompl ish re t r og rade
with the spacecraf t  reac t ion  control  sys tem.  The 15 October rev is ion does
not inc lude p rocedu res  fo r  RCS re t rog rade ,  and a cou rse  fo r  such p rocedu res
for  use in  the AMS has not been ident i f ied at this t ime. Tra in ing sess ions
involving RCS re t rog rade  are as follows:

PT3 .2  Re t rog rade  f rom ear th  o rb i t
PT4. 2 Entry cont ingencies
MT4.2  RCS deo rb i t  and en t r y  p rocedu res

RCS re t rog rade  f rom orb i t  r equ i res  that preparat ion for  re t ro f i re
begin at an ea r l i e r  point in o rb i t  than for SPS abort in order  to accompl ish
r ecove ry  at a g iven point  on the ear th  su r f ace .  T ra j ec to r y  data and geo-
g raph ic  t r ace  information fo r  RCS re t rog rade  is p rov ided  in f i gu res  3 -27 ,
3-28, and 3-33 through 3-36. System prepara t ion  for and accompl ishment
of RCS re t rog rade  fo l lowed by sepa ra t i on ,  ent ry ,  and r ecove ry  takes
approximately one hour and 10 m inu tes .  The re fo re ,  in the nominal
t ra in ing m iss i on  i t  is  necessa ry  to accomp l i sh  f inal o rb i t  measurement
dur ing  the end of the second  and the s ta r t  of the th i rd  o rb i t  ( ove r  Mexico
and U .S . ,  al ign the IMU (over the Atlantic) and in i t iate RCS re t rog rade  at
a m iss i on  t ime of approximately 3 hou rs  and 45 minutes fo r  Pac i f i c  Range
recove ry .  Fo r  Atlantic Range recove ry  retrot ime would be at about 1:45
at which t ime the IMU would be a l igned over  the At lant ic .  Final o rb i t

@® measuremen t  would be ove r  West  Africa with RCS re t ro f i r e  at about
2:20 over the Indian Ocean.

3.6  SCRIPT PREPARATION AND HANDBOOK CONTENTS,

Volume II of th is  handbook conta ins mater ia l  to be used in  p repar ing
ins t ruc to r  sc r i p t s  fo r  use at the IOS,  The en t i r e  contents of Volume II is
looseleaf bound to fac i l i ta te  copying and sepa ra te  binding as i ns t ruc to r
l esson  plan book le t s .  The mater ia l  is o rgan i zed  to pe rm i t  p repara t i on  of a
sepa ra te  book le t  fo r  each t ra in ing  sess ion  in the sy l l abus .  F igu re  3 -40
out l ines the con ten ts  of both vo lumes and i l l us t ra tes  the manner in  which
ins t ruc to r  sc r i p t s  are p repa red .  Sess ion  data shee ts ,  in i t ia l iza t ion data
sheets, and IOS date sheets are used to make up the ins t ructor  script.
Se lec ted  po r t i ons  of the AMS opera t ing  p rocedu res  may a lso be cop ied
and inc luded.  Other sec t i ons  of both Volume I and Volume II conta in
mater ia l  r equ i red  to complete ly  comprehend  the syl labus and to ope ra te
the simulator in the training accompl ishment of the syllabus.

3 .6 .1  AMS OPERATION (Ref Sec t ion  1, Volume I I ) ,

Section 1 of Volume II contains ins t ruc t ions for operat ing the Apollo
Miss ion  Simulator .  Three  types of p rocedu ra l  information are provided.
The f i r s t  of these  is text and f i gu res  requ i red  to explain how spec i f i c  tasks  are
per fo rmed  on indiv idual  equipment units. The second type of p rocedu re
is sys tems  check l i s t s .  These  check l i s ts  are s t ep -by -s tep  out l ines  fo r  the

® p repara t i on  and use of each simulator sys tem.  The th i rd  type of p rocedu re
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is  simulation complex check l i s t s .  These  check l i s t s  are abbrev ia ted
fo rm equivalents to the unit p rocedures  and system checklists that can
be compi led into s ing le  continuous check l i s ts  fo r  use in p repar ing  and
us ing the simulator in spec i f i c  t ra in ing app l ica t ions.  Simulator complex
check l i s t s  are p repa red  in a format that is sui table for  copy ing,  appropr ia te
annotat ion,  and i nc lus ion  in  i ns t r uc to r  sc r i p t s .

3 .6 .2  SCRIPT PREPARATION,

P r i o r  to making use of the sc r ip t ing  mater ia l  contained in Volume II
of th is  handbook, the i ns t r uc to r -ope ra to r  shou ld  be familiar with the
en t i re  contents of Volume I and sec t i on  1 of Volume I I .  He should a lso
be famil iar with the p rocedures  contained in SM2A-03 (and SID 65-1231A),

When the i ns t ruc to r -ope ra to r  is  r eady  to use the s imulator ,  he wil l
rev iew the sy l labus p rov ided  in th is  sec t i on  to se lec t  a spec i f i c  t ra in ing
sess ion  fo r  accompl ishment .  Information in sec t i on  2 (Simulator Sys tems)
and sec t i on  3 (AMS Ut i l izat ion) of th is volume, along with the contents
of the AOH (and SID 65-1231A) will be used as required to supplement the
b r i e f  sess ion  descriptions.

3 .6 .3  SESSION DATA SHEETS,

When the i ns t ruc to r -ope ra to r  has se lec ted  a t ra in ing sess ion  f rom
the syllabus prov ided in this sect ion  of the ins t ructor  handbook, then
r e fe r s  to sec t i on?  (Sess ion  Data)  of Volume I I .  Th is  sec t i on  conta ins a
separa te  data sheet  (ac tua l ly  compr i sed  of a number of pages)  fo r  each
tra in ing sess ion  def ined in the sy l labus .  The sess ion  data sheet  is
compr i sed  of seven pa r t s  as follows:

Pu rpose .  A b r i e f  statement of the t ra in ing pu rpose  fo r  the
speci f ied t ra in ing session with re fe rence  to the syl labus

Scope.  A b r i e f  def in i t ion of the overa l l  scope of c rew  activity
to be accompl ished in the sess ion  ( inc lud ing defini t ion of each
run) with re fe rence  to the nominal t ra in ing m iss i on

Crew P rocedu res  Re fe rence .  Spec i f ic  ident i f icat ion of those
p rocedu res  in SM2A-03  (and other  in ter im p rocedu res  re fe rences )

Measuremen t  Data .  A sugges ted  set of pa rame te rs  to be t r ans -
c r i bed  du r ing  the sess ion  with spec i f i c  r e fe rence  to the simulation
output table p rov ided  in sect ion 6 of Volume II

I ns t ruc to r  Act ivi ty Outl ine. An out l ine of i ns t r uc to r -ope ra to r
p rocedu res  used in p repa r i ng  the AMS fo r  and accompl ish ing
the spec i f i ed  runs including in i t ia l izat ion and malfunction section.
Procedures  re fe renced in the outl ine are those prov ided in
sec t i on  1 (AMS Operat ion)  of Volume I I ,  Initialization po in ts
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are those def ined in sect ion 3 of Volume I (Nominal Training
Miss ion ) .  Malfunctions are those  def ined in sec t ion  5 of
Volume II  (Malfunction Data) and i l lustrated in sect ion 2 of
Volume I (Simulator Systems).

Scr ipt ing No tes .  Identi f icat ion of the in i t ia l izat ion check l i s ts
f rom sec t ion  3 of Volume II  ( Ini t ia l izat ion Data) and IOS data
sheets from sect ion  4 of Volume II (IOS Data) to be used dur ing
the sess ion ,  plus any gene ra l  ins t ruct ions pert inent  to the i r
use.

Scr ipt ing Worksheet .  Speci f ic notes re la ted to the contents of
SM2A-03 (and other in ter im p rocedu res  re fe rences ) ,  the
init ial ization checkl is ts  and the IOS data sheets as they are used
in  spec i f i c  sess ion .  No tes  are normally t r ansposed  in pencil
f rom the scr ipt ing worksheet to the IOS data sheet to which
they apply.

3 .6 .4  INITIALIZATION CHECKLISTS.

To accompl ish simulation initialization at each of the var ious
ini t ial ization points defined in sect ion 3 of Volume I, it is necessary  to
f i r s t  es tab l i sh  the appropr ia te spacecraft s ys tems  conf igurat ion checklists
fo r  use at each of the four spacecraft s ta t ions  at va r i ous  in i t ia l izat ion
po in t s .  Sys tems configuration data in  these  ini t ia l izat ion check l i s t s
takes  the f o rm  of a p ic to r ia l  p resen ta t i on  of the des i r ed  SCM cont ro ls
configuration as mani fested at the 10S,

A sample in i t ia l izat ion check l i s t  is  p rov ided  in f igure 3 -41  and
table 3 -14 .  The white highlighting of se lec ted  switch pos i t i ons  indicate
the r equ i red  sett ing for  the spec i f i ed  in i t ia l izat ion po in t .  Those  switches
fo r  which no highl ighted pos i t i on  is p rov ided  have no mandatory sett ing
for  simulat ion in i t ia l izat ion.

The use of the p ic tor ia l  check l is ts  along with tables offer the
advantage of exped iency .  The IOS p ic tu re  depict ing the des i r ed
pos i t i ons  fo r  SCM cont ro ls  p rec ludes  any requ i rement  to read  through
a l i s t  of all the i tems in a tab le .  The i ns t ruc to r -ope ra to r  s imply checks
h is  IOS d i sp lays  aga ins t  the p ic tu re  and d i r ec t s  the crewmember  to
rese t  those  con t ro ls  that are in the wrong pos i t i on .  There  is no require-
ment to d iscuss  or consider  those cont ro ls  which are in the co r rec t
pos i t ion,  as indicated in the ini t ial izat ion checklist.

3 .6 .5  10S DATA SHEETS,

Sect ion 4 of Volume II contains an IOS data sheet for each crew
procedure  ident i f ied in SM2A-03 (and other inter im procedures
r e fe rences ) .  IOS data sheets  are compr i sed  of two or  mo re  pages
contain ing both p ic to r ia l  and tabular information on c rew  p rocedu res
as thei r  per formance is manifested at the IOS, Table 3-15 prov ides
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a complete l i s t  of the IOS data sheets to be found in sect ion 4 of Volume II,
d i rec t ly  re l a tes  each data sheet to the p rocedures  prov ided in SM2A-03
(or  o ther  sou rce  da ta ) ,  and inc ludes  a rough- t ime approximation for  the
accompl ishment  of each p rocedu re .  In us ing  the t ime es t ima tes ,  it should
be remembered  that t ime requ i red  to per fo rm in  a t ra in ing environment
is  var iab le  as a function of t ra ining accomp l i shed .  The t ime in
table 3 -15  is es t imated fo r  c rewmembers  who have completed par t
task  t ra in ing only.

A sample f i gu re  and co r respond ing  table are p rov ided  in th is
sect ion  of the handbook as f igure 3-42 and table 3-16, respectively.
The p ic to r ia l  data sheet  makes  use of the highl ighted (whi te)  switch
posi t ion  indicat ions in the same manner as the in i t ia l izat ion checklist.
However ,  the IOS data sheet  a lso makes use of the highlight technique
to identify which ind ica to rs  are to be moni tored and the nature of the
ant ic ipated ind ica t ion .  The f i gu res  are ove r layed  with a se r i es  of
numbers and other notat ions.  The numbers are the sequence of p rocedure
accompl ishment as es tab l i shed  in the tabular por t ion  of the IOS data
shee t .  A number in a white f ie ld  i nd i ca tes  monitor of an ON or  o the rw ise
active ind ica to r ;  the numbers in b lack  c i r c l es  indicate moni tor  of an OFF,
The a r rows  on va r ious  gages ind ica te  ant icipated nature of change.  The
as te r i sk  in the '"Step'' column ident i f ies those steps in the p rocedure
which are desc r i bed  in the tabular  por t ion of the data sheet ,  but do not
have v is ib le  manifestation on the 10S,

The tabular data shee ts  l i s t  the s teps f rom the c rew  p rocedu res  (with
some var ia t ions due the d i f fe rences  between c rew  and ins t ruc tor  opera tor
involvement) and re la ted  i ns t ruc to r -ope ra to r  data.  Defini t ion of the
columns in the tab le  are as fo l lows:

Step .  Number in  numer ica l  sequence  of  the p rocedu res ,  a lso
co r re la t i ng  data fo r  table and co r respond ing  f igure

Mal funct ions.  Blank column fo r  i ns t ruc to r -opera to r  notation of
s imula ted malfunctions in  acco rdance  with sess ion  da ta  shee ts

T ime.  Blank column fo r  compi l ing t imel ine of s imulated m iss i ons
or  m i ss i on  segments

Function. Descr ip t ion  of crew p rocedure  steps f rom SM2A-03 for
other in ter im procedures  data)

IOS Vis ib i l i ty-Act ion.  Descr ip t ion  of the manner in which the step
(function) in  the c rew  p rocedu re  is mani fested to the ins t ruc to r -
ope ra to r  and ins t ruc t ions  for  i ns t ruc to r -opera to r  involvement
(if any)

Notes .  Space fo r  explanatory no tes  or  addit ional inst ruct ions
(both typeset as par t  of the IOS data sheet and ins t ruc tor -operator
wr i te - in  in accordance with sess ion  data sheet i ns t ruc t ions) .
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Figure 3-41. Sample Initialization Checklist (Pictor ia l )



qg
el

i-¢

Step

1

10

11

12

Malf T ime

'
+

Table 3-14. Sample Init ial ization Data Sheet

Function IOS Visibility /Action

MAN Op, METERING VALVE -
CLOSED

S/M Oz ISO - OPEN lt on

S/M SUPPLY REGULATOR -
1 and 2 1ts on

CO2 ABSORBER IN  PLACE -
No.  1 and No .  2 1lts on

'C /M  RCS He TEMP 95

C/M RCS PRESS He - 4500

C /M RCS PRESS F - 200

C /M RCS PRESS OX - 200

PROPELLANT QUANTITY
OXIDE - 131

PROPELLANT QUANTITY
FUEL - 65

RCS INDICATORS C /M -
B 1t on

UPTEL BLOCK l t s  on

Init ial ization Data Sheet Sta 2 S-2

Notes
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AOH Paragraph

None

None

None

None
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IOS Data

P l .1

P l . 2

P2 .1

P3 .1

P3 ,2

Pl1.3

‘P2 .2

P3 .3

A l . 1

A2 ,1

01 .1

03 .1

04 .1

01 ,2

03 .2

01.3

03.3

Table 3 -15 .  Table of IOS Data Sheets

Crew Activity

PRELAUNCH

Initial prelaunch ECS check

Control  and d isp lay check

Control  and display check

Initial prelaunch ECS check

Control  and display check

Launch preparat ion

Launch preparat ion

Launch preparat ion

ASCENT AND INITIAL ORBIT

Ascen t

Ascent

Ascen t

Initial orbi t  p rocedures

Initial orbit p rocedures

Initial orbi t  p rocedures

Minimum power operations

Minimum power operat ions

S-1VB separation

S- IVB separation

Remarks

Also re fer  to para 3 .6 .5 .1
(Prelaunch IOS Data Sheets).

Also re fer  to para 3 .6 .5 .1
(Prelaunch IOS Data Sheets).

Also re fer  to para 3 .6 .5 .1
(Prelaunch IOS Data Sheets).

Also re fe r  to pa ra  3 .6 .5 .1
(Prelaunch IOS Data Sheets).

Also re fe r  to  para 3 .6 .5 .1
(Prelaunch 10S Data Sheets).

Also re fer  to para  3 .6 .5 .1
(Prelaunch IOS Data Sheets).

Also re fe r  to para  3 .6 .5 .1
(Prelaunch IOS Data Sheets).

Also re fer  to para  3 .6 .5 .1
(Prelaunch 10S Data Sheets).

Also refer  to para 3 .6 .5 .2
(Launch and Ascen t  IOS
Data Sheets).

Also re fer  to para 3 .6 .5 .2
(Launch and Ascent  10S
Data Sheets).

Also re fe r  to para  3 .6 .5 .2
(Launch and Ascent  I0S
Data Sheets).

Also refer to para 3 .6 .5 .3
(Specia l  Orbital Procedures).

Also refer to para 3 .6 .5 .3
(Special Orbital Procedures).

Also re fe r  to para 3 .6 .5 .3
(Spec ia l  Orbital Procedures).

Refer  to para  3 .6 .5 .3 :
(Special Orbital Procedures).

Refer to para 3 .6 .5 .3
(Special Orbital Procedures).

Der ived from Task Analysis
for  M iss ion  204A.

Der ived f rom Task Analysis
for  Miss ion 204A.

Nominal
T ime

00:02:00

00:04:00

00:02:00

00:02:00

00:04:00

00:01:00

00:01:00

00:01:00

00:12:00

00 :12 :00

00 :12 :00

00 :03 :00

00 :03 :00

00 :15 :00

-00 :02 :00

00:01:00

00 :05 :00

00:05:00
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Table 3 -15 .  Table of IOS Data Sheets (Cont)

ACOH Paragraph IOS Data Crew Activity Remarks

DEORBIT AND ENTRY

E l ,  1 Deorb i t  delta V p rocedu res  R507 - P32 and P42
" Also re fer  to para  3 .6 .5 .4

(Deorb i t  and Entry 10S
Data Sheets),  includes
GN1. 40 (Att i tude Contro l
Mode Check) and GN1. 44
(Attitude Manuever).

8 .4  E3 .1  Deorb i t  delta V Also refer  to para  3 .6 .5 .4
(Deorb i t  and Entry IOS Data
Sheets), includes SP3. 04
(De l ta  V Operations).

E4 .1  Deorb i t  del ta V R507 - P32
Also re fe r  to para  3 .6 .5 .4
(Deorb i t  and Entry IOS Data
Sheets),  inc ludes GN4 .01

. ( IMU Orientat ion Determina-
t ion) and GN4,03 (Program
AGC), and GN4.07  (IMU
Alignment) (SCM).

E l . 2  Postdelta V operat ions R507 - P61 and P62
| A lso  re fe r  to  pa ra  3 .6 .5 .4

(Deorb i t  and Ent ry  10S Data
Sheets), inc ludes GN1.03
(Program AGC) and GN1, 44
{Attitude Manuever).

8.4 E2 .1  Postdelta V operations Also refer  to para  3 .6 .5 .4
(Deorb i t  and Ent ry  IOS Data
Sheets) ,  inc ludes RC2 .01
(C /M-RCS  Check).

8 .4  E3 .2  Postdelta V operat ions Also refer to para  3 .6 .5 .4
(Deorb i t  and Entry  10S Data
Sheets), includes EP3 .08
(D isconnec t  Fuel Ce l l s ) .

E l . 3  Postseparat ion operat ions R509 - P62, P63, and Pé6
Algo re fe r  to pa ra  3 .6 .5 .4
(Deorb i t  and Entry 10S Data
Sheets).

8 .4  E l .  4 ELS arming Also re fe r  to para 3 .6 .5 .4
(Deorb i t  and Entry 10S Data
Sheets).

8.4 E3 .4  ELS arming Also re fe r  to para  3 .6 .5 .4
- (Deorb i t  and Entry 10S Data

Sheets).

RECOVERY PROCEDURES

8.5  R1 .1  Post landing p rocedu res

8.5 R2 .1  Postlanding p rocedu res

8 .5  R3 .1  Postlanding p rocedu res

8.5 R4 .1  Postlanding procedures

Nominal
T ime

00 :15 :00

00:15:00

00:15:00

00 :04 :00

00:04:00

00 :04 :00

00 :15 :00

00:07:30

00:01:40

00 :04 :00

00 :00 :30

00 :04 :00

00:02:00
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Table 3-15. Table of IOS Data Sheets (Cont) |

Nominal
AQOH Paragraph 10S Data Crew Activity Remarks Time

ABORT PROCEDURES

9 .2 ,1 .1 .1  | B l .  1 Pad and low-altitude abort 00 :01 :30+h
( p r i o r  to T + 42 sec)

9 .2 .1 .1 .1  B l . 2  Low-al t i tude abort (after T + 42 00 :01 :30+h
sec)

9 .2 .1 .1 .2  Bl1.3 LES aborts 30, 000 to 120, 000 ft 00 :01:30+h

9 .2 .1 .1 .3  B l .  4 LES abor ts  120, 000 {ft to tower 00 :01 :30+h
jettison

9 .2 .2  B l .  5 SPS abort  SPS abort p rocedures  remain
as TBSL items in AQH,

SYSTEMS

SCS

SC1.03 SCS del ta V This p rocedure  is bgsed on
engineering p rocedu res
re leased  through IL  697-
503 -110 -65 -118 .  A lso in-
c ludes IOS Data Sheet
GN4, 03 (Program AGC),

RCS

8 .3 .1 .4  RC2 .01  C /M  RCS per iod ic  check 00:00:30

8 .3 .1 .4  RC2 .02  S /M  RCS per iod ic  check 00:02:00

ECS

8 .3 .1 .6  EC3.01 Orbital ECS hourly check 00:02:00

8 .3 .1 .6  EC3 .02  CO2-~-odor absorbent fi lter 00:02:00
replacement

8 .3 .1 .6  EC3 .05  Cabin co ld - soak  00:00:05

8 .3 .1 .6  EC4.06 Waste water dump operations 00:05:00

EPS

8 .3 .1 .5  EP3 .05  Fuel  cel l  hydrogen purge 00:02:30

8 .3 .1 .5  EP3 .06  Fuel  ce l l  oxygen purge 00:02:00

8 .3 .1 .5  EP3 ,07  Battery charge 00:00:40+

8 .3 .1 .5  EP3 .08  Fuel ce l l  shutdown p rocedures  00:01:00

8 .3 .1 .5  EP3 .10  EPS pe r i od i c  check 00:03:00

8 .3 .1 .5  EP3 .11  Manual p ressu re  control  00:03:00
verification

8 .3 .1 .5  EP3 ,12  Quantity balance verification
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Table 3 -15 .  Table of IOS Data Sheets  (Cont )

Nominal
AOH Paragraph IOS Data Crew Activity Remarks Time

SPS

8 .3 .1 .3  SP3 .01  SPS pe r i od i c  check  00 :03 :00

8 .3 .1 .3  SP3 .02  SPS per iod ic  propellant quantity 00:02:00
gaging system check

8 .3 .1 .3  SP1.03  Gimbal posi t ion ind ica to rs  test  00:00:30

SP3 .04  Delta V opera t ions ,  station 3 Task Analysis Function
SP003 ,  SP004.

G&N

GN4.01 G&N system activation Task Analysis Function
GNO008, GNO041, GN044,
GNO075, GN126, SCO010.

8 .3 .1 .1  GN4.02 G&N pe r i od i c  ver i f icat ion

GN4. 03 Program AGC for major mode R507

GN4 .04  IMU or ientat ion determination R507 - P51 Also inc ludes
10S Data Sheets GN4.03
(Program  AGC), GN4. 49
(Sighting Mark Routine).

GN4. 06 IMU alignment (S- IVB)  R507 - P52 Also includes
IOS Data Sheets GN4. ,03
(Program AGC),  GN4. 49
(Sighting Mark  Routine),
GN4., 50 (Automatic Optics
Positioning).

GN4.07  IMU alignment (SCM) R507 - P53 Also inc ludes
IOS Data Sheets GN4.03
(Program AGC), GN4. 49
(Sighting Mark  Routine),
GN4. 50 (Optics Positioning).

GN4.08  CSM local  vertical R507 - P21 Also inc ludes
10S Data Sheets GN4.03
(Program AGC) ,  GN1 .40
(Attitude Contro l  Mode
Check) ,  GNI1. 44 (Att i tude
Maneuver) .

GN4. 09 Landmark tracking R507 - P22 Also inc ludes
IOS Data Sheets GN4,03
(Program AGC), GN4.49
(Sighting Mark  Routine),
GN4. 50 (Automatic Optics
Pos i t ion ing) .

GN4.10  Star-landmark navigation R507 - P23 Also inc ludes
measurement  IOS Data Sheet GN4., 03

(P rog ram AGC).

GN4. 11 AGC update R507 - P27
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AOH Paragraph

8 .3 .1 .7 .1

8 .3 .1 .7 .1

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 .3

8 .3 .1 .7 . 4
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IOS Data

GN4.12

GN1. 13

GN1. 40

GNl1. 44

GN4. 49

GN4. 50

GN4, 55

GN4. 56

TC1 .01

TC3 .02

TC3 .03

TC3 .04

TC3 .05

TC3 .06

TC3 ,07

TC3 .08

TC3 .09

TC3 .10

TC3 .11

TC3 .12

Table 3 -15 .

Crew Activity

Orbit change delta V station 4

Orbit change del ta V station 1

Attitude control mode check

Attitude maneuver

Sighting mark

Automatic opt ics posit ioning

Orbit parameter  display

Prethrust  orbi t  change data
load

T /C

Audio cen te r  activation
stat ion 1, 2, and 3

VHF -AM vo ice  communications
(MSFN contacts)

Up-data link activation

VHF-FM activation

Transmit h igh-b i t  rate PCM,
VHF -FM

Transmi t  low-bit rate PCM,
VHF-FM

Transmit r eco rded  high-bit
rate PCM, VHF-FM

Transmi t  r eco rded  low-b i t
rate PCM, VHF-FM

Reco rd  high-bit rate PCM

Record  low-bit rate PCM

Record  rea l - t ime analog rate

Activate USBE power  ampli-
f ie r  in bypass mode

Table of IOS Data Sheets (Cont)

Remarks

R507 - P31 Also includes
IOS Data Sheets GN4.03
(Program AGC), GN4 .04
( IMU Or ien t i a t i on  De te r -
mination), GN4.07  (IMU
Alignment) (SCM).

R507 - P31, P41, and R37
Also inc ludes 10S Data
Sheets GN4,03  (Program
AGC) ,  GN1 .40  (Attitude
Control  Mode Check} ,  &
GN1. 44 (Attitude Man-
euver ) .  SP1,03  (SPS
Gimbal Dr i ve  Tes t ) .

R507 - R1

R507 - R2

R507 - R14

R507 - R15

R507  - R33 A lso includes
IOS Data Sheet GN4 .03
(Program AGC).

R507 - R22

Nominal
T ime

00 :00 :30

00 :00 :30

00 :00 :10

00 :00 :30

00:00:30

00 :00 :30

00:00:30

00 :00 :30

00 :00 :30

00 :00 :30

00 :00 :30

00:00:30



AOH Paragraph

8 .3 .1 .7 . 4

8 .3 .1 .7 .4

8 .3 .1 .7 . 4

8 .3 .1 .7 .4

8 .3 .1 .7 .

8 .3 .1 .7 .

8 .3 .1 .7 .

8 .3 .1 .7 .

8 .3 .1 .7 .

8 .3 .1 .7 .4

9 .1 .4 .2

9 .1 .6 .4

9 .1 .6 .3

9 .1 .6 .6

9 .1 .6 .7

9 .1 .6 .8

9 .1 .6 .8

9 .1 .6 .9

9 .1 .6 .10

9 .1 ,6 .10

9 .1 .6 .11

9 .1 .6 .5

9 .1 .5 .3

9 .1 .5 .2

9 .1 .5 .3

9 .1 .5 .1
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10S Data

TC3 .13

TC3. ,14

TC3 .15

TC3.16

TC3 .17

TC3 .18

TC3 .19

TC3 .20

TC3 .21

TC3. 22

MRC.  01

MEC.  01

MEC.02

MEC.  03

MEC.  04

MEC.  05

MEC.  06

MEC.  07

MEC,  08

MEC.  09

MEC. 10

MEC.  11

MEP,  01

MEP. 02

MEP. 03

MEP. 04

Table 3-15. Table of IOS Data Sheets (Cont)

Crew Activity Remarks

Activate USBE power  amplifier
in high or low-power mode

USBE voice operat ions

USBE, transmit r eco rded  low-
(or high)-bit ra te PCM

USBE, t ransmi t  r eco rded  h igh-
rate PCM and analog

USBE, t ransmit  low- or high-
bi t  ra te  PCM

USBE, t ransmit  low-  or high-
bi t  rate PCM in ranging mode

USBE, transmit in ranging only

USBE, transmit h igh-or  low-
bi t  rate PCM and TV

C-band tracking and ranging

Reviewed tape reco rde r

MALFUNCTIONS

S/M RCS C/W light illuminates

O2 FLOW HI  l ight illuminates

O, FLOW HI  l ight illuminates,
O,  f low high, cabin p ressu re
high

Glyco l  d ischarge  p ressu re
abnormal

Suit compresso r  de l ta  P ind icates
below normal

Suit temperature indicates low

Suit temperature ind icates  high

Cabin temperature ind ica tes  h igh

Suit p ressu re  ind icates low

Suit p ressu re  ind icates h igh

Cabin p ressu re  high

Tank p ressu re  1 O,  low

Oy fai lure

H ,  fai lure

Ny fa i lure

O,  PRESS light illuminates

Nominal
T ime

00:00:30

00:00:30

00 :00 :30

00:00:30

00:00:30

00:00:30

00 :00 :30

00:00:30

00:00:30

00:00:20+
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AOH Paragraph

9 .1 .5 .1

9 .1 .5 .3

9 .1 .5 .3

9 .  1 .5 .4

9 .1 .5 .6 .14

9 .1 .5 .6 .14

9 .1 .5 .6 .7

9 .1 .5 .8

9 .1 .5 .8 .9

9 .1 .5 .6 .8

9 .1 .5 .9

9 .1 .5 .6

9 .1 .5 .8

9 .1 .5 .9

9.1.5.9

9 .1 .5 .10

9 .1 .3 .5
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IOS Data

MEP.  05

MEP.  06

MEP. 07

MEP. 08

MEP. 10

MEP. 11

MEP.  12

MEP. 13

MEP, 14

MEP.  15

MEP. 16

MEP. 20

MEP, 21

MEP, 22

MEP,  23

MEP, 24

MSP. 01

Table 3 -15 .

Crew Activity

H PRESS light illuminates

Fuel ce l l  fail light illuminates
H j  flow high

Fuel cell fail light illuminates,
O,  flow high

D-C  BUS A UNDERVOLT light
illuminates

A-C  inver ter  and bus  check

Cr i t i ca l  l oads  transfer

Dual-inverter changeover

Single- inverter changeover

Bus rese t

Connect  a-c  bus l oads  to
bus 1

Overload iso la t ion check

Bus 1 fa i lure,  dua l - inver te r
operat ion

Both 1 and 2 a-c buses fai l ,
single-inverter operat ion

Bus 1 over load and a -c  bus 1
fail l ights illuminate

Single - inverter operat ion

Inverter temperature high,
dual-inverter operat ion SCS
operating

SPS PU SENSOR FAIL light
i l luminates

Table of IOS Data Sheets (Cont)

Remarks

Part of AOH para 9 .1 .5 .6
thru 9 .1 .5 .  14,

Part of AOH para 9 .1 .5 .6
thru 9 .1 .5 .  14.

Nominal
T ime
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B @ | Each IOS data sheet  l i s t ed  in table 3 -15  is prov ided with both a
| 

descr ip t ion t it le and an alphanumeric ident i f ier .  The alphanumeric
identifier g roups  the IOS data shee ts  into eight types of p rocedu res  as
fo l lows:

Prelaunch (P). Those crew p rocedures  accomplished by the flight
c rew  p r i o r  to launch

Ascen t  (A) .  Those  c rew  p rocedu res  which are per fo rmed f rom
boos te r  ignit ion to MSFN confirmation of orbi ta l  attainment

Orbital (O).  Those  c rew  p rocedu res  accompl ished in orb i t  that
are other than sys tem and navigation p rocedu res

Abort  (B ) .  Those  c rew  p rocedu res  which are per formed in
accomplishing safe recovery  aborts f rom all suborbital situations

Entry (E ) .  Those  c rew  p rocedu res  which are per formed in
prepar ing  for  and accompl ishing C /M-S /M  separat ion and entry

Postlanding (P) .  Those  spacecraft c rew  p rocedu res  involved in
secur ing  f rom the m iss i on  flight phase  and prepar ing  spacecraft
sys tems  fo r  r ecove ry

-— SCS P rocedu res  (SC).  Those  c rew  p rocedu res  involved in operat ing
@® the s tab i l iza t ion and con t ro l  sys tem during the Apollo m i ss i on

RCS P rocedu res  (RC) .  Those  p rocedu res  involved in operat ing the
reac t ion  cont ro l  sys tem during the Apol lo m i ss i on

EPS P rocedu res  (EP) .  Those  c rew  p rocedu res  involved in operat ing
the e lec t r i ca l  power sys tem dur ing the Apollo m i ss i on

ECS Procedures  (EC).  Those crew p rocedures  involved in operat ing
the environmental  cont ro l  sys tem dur ing the Apollo m i ss i on

SPS P rocedu res  (SP) .  Those  c rew  p rocedu res  involved in operat ing
the se rv i ce  propu ls ion sys tem dur ing the Apollo m i ss i on

G&N P rocedu res  (GN) .  Those  c rew  p rocedu res  involved in operat ing
the gu idance and navigat ion sys tem dur ing the Apollo m i ss i on

Telecommunications P rocedu res  (TC) .  Those  c rew  p rocedu res
involved in operat ing the spacecraft te lecommunicat ions sys tem
during the Apollo m i ss i on

Malfunction Procedures  (M- - ) .  Those crew procedures  involved in
deal ing with malfunction of spacecraft sys tems during the Apollo -

miss ion .  Des ignat ion (M) is used as pref ix  to the code fo r  the
affected sys tem.
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Tab le  3 -16 .  Sample Ini t ia l izat ion Check l i s t  (Tabular)

Step | Malf | Time Function IOS Visibility /Action Notes

1-11  Reco rd  P ressu re  and Tempera -
tu re  Pa ramete rs

1 He TANK TEMP ind 105

2 SPS TANK PRESS sw - He SPS TANK PRESS - He lt on

3 He TANK PRESS ind 4000 decreas ing with use

4 SPS TANK PRESS sw - Ny A SPS TANK PRESS - Nj, A lt on

5 TK N2 ind TBSL

6 SPS TANK PRESS sw - N» B SPS TANK PRESS - N B It on

7 TK N» ind TBSL

8 PRESSURE FUEL ind 175

9 PRESSURE OXID ind 175

10 PRESSURE ENG INLET FUEL 175
ind

11 PRESSURE ENG INLET OX ind [175

12-15 Record  SPS Engine Injection
Valve Pos i t i ons

12 SPS ENGINE INJECT 1 ind - SPS ENGINE INJECTION
CLOSE VALVE 1 ind - CLOSE

S
yi

-¢

SPS Pe r i od i c  Check
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The alphanumeric identif ies for the IOS data sheets are made
up as follows:

ECl .1  IOS Data Sheet Number

EC Type of p rocedure  (environmental control)  crew station
1 (1, 2, 3 or  4)

. 1 Spec i f ic  data sheet  number (by type of p rocedu re )

MEC 01 IOS Da ta  Sheet  Number

M Malfunction p rocedure
EC Affected system

01 Specif ic data sheet number (by system)

Prelaunch P rocedu res  IOS Data Shee ts .

For  r easons  re la t ing  to both simulator cons t ra in ts  and t ra in ing
planning, the p rocedu res  outl ined i n  the prelaunch IOS data shee ts  do not
incorporate all of the procedures  inc luded in paragraph 8.1 of the Apollo
Operations Handbook (SM2A-03 ) .  Scope,  organizat ion,  and contents of
prelaunch crew p rocedures  as depicted by the IOS data sheet are d iscussed
in  the fol lowing paragraphs.

Space suit and couch procedures  for the simulator are not a subject
of th is  handbook.  Fo r  th i s  r eason ,  p re launch IOS da ta  shee ts  commence
with c rew  p rocedu res  at step 9 (Pe r fo rm Initial ECS Status Check) of
paragraph 8.1 (Pre launch)  of the AOH. Station 2 involvement in hatch
instal lat ion ( s teps  8 and 12) are not s imulator functions, as IOS data
sheets have not been prov ided  for those p rocedures .  The lower equip-
ment bay p rocedu res  outl ined between steps 14 and 19 have no training
s ign i f i cance beyond checking switch pos i t i ons  and have not been inc luded in
the IOS data shee ts .  Cab in  l eak  tes t  and purge p rocedu res  outl ined in
step 20 of pa rag raph  8 .1  (of SM2A-03 )  have not been inc luded,  s ince  the
AMS does not s imulate GSE inputs to the spacecraft.

The 10S data shee ts  for  prelaunch are l i s t ed  and identi f ied in
table 3-15 of this handbook. Prelaunch activity s tar ts  with step 9
(ECS Stat ion Check ) .  That p rocedu re  is  the sub ject  of P l . 1 .  As the
s ta t ion  1 ECS status check  is  comple ted ,  the s ta t ion 3 ECS status
check (step 10 of paragraph 8.1) is in i t iated.  This p rocedure  is the
subject of IOS data sheet P3.1 ;  at the same t ime the crewman in station 1
in i t ia tes the stat ion 1 contro ls  and d isp lays checkl is t  (step 11 of paragraph 8.1) .
The check l is t  is  the sub jec t  of IOS data sheet  P l . 2 .  As the crewman in
stat ion 3 comp le tes  the ECS status checks ,  he s ta r ts  the stat ion 3 con t ro ls
and d isp lays  checklist compr ised of steps 13, 24, and 25 of paragraph 8.1.
The IOS data sheet for this p rocedure  is P3, 2.

Station 2 activity in the prelaunch p rocedures  for the AMS begins
with the stat ion 2 contro ls  and d isp lays checklist (step 22, paragraph 8.1)
and continues with RCS status check (step 23, paragraph 8.1) .  These
procedures  are the subject of IOS data sheet P2 .1 ,
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Steps 26 through 37 of paragraph 8.1 of SM2A-03 are the final
launch preparat ions for the three crew stat ions.  Station 1 sets the
sequencing con t ro ls  in accordance with step 28 and p repa res  the SPS
and SCS per steps 31 and 33. The crewmember in station 3 act ivates the
telecommunications equipment in  acco rdance  with step 29. Station 2
involvement is l imited to moni tor ing functions and ver i f ica t ion of AGC
programing (step 34 of paragraph 8 .1) .  Station 1 and station 3 activity
in steps 26 through 37 is included in IOS data sheets P l . 3  and P3. 3,
respec t i ve l y .  Station 2 par t ic ipat ion is the sub ject  of IOS data sheet  P2.  2.

Launch and Ascen t  P rocedu res  IOS Data  Sheets.

Launch and ascent  p rocedu res  are the sub jec t  of s teps 1 through 38
of 8 .2  of the Apollo Operations Handbook (SM2A-03). Launch act iv i t ies
are p r imar i l y  pe r fo rmed  at s ta t ion 1, with s ta t ions 2 and 3 act iv i t ies l imited
to monitor ing sys tem paramete rs  and communicating with MSFN. C rew
p rocedu res  for  stat ions 1, 2, and 3 dur ing launch and ascent  are dep ic ted
in  IOS data shee ts  A l , 1 ,  A2 .1 ,  and A3 .1 ,  respectively.

Spec ia l  Earth Orbi ta l  P rocedu res  IOS Data Shee ts .

Th ree  sets of c rew  p rocedu res  have been identified as spec ia l  earth
orbi tal  p rocedures .  All other orbital  act iv i t ies are made up of ei ther
sys tems  operat ion-management  or navigat ion ac t i v i t ies ,  The th ree  sets
of p rocedu res  are  init ial orb i ta l  p rocedu res  as re f lec ted  in s teps 41
through 55 of pa rag raph  8 .2  of SM2A-03 ,  S - IVB ,  separa t ion  procedures,
and minimum power  p rocedu res .  The S - IVB  separa t ion  and minimum
power  p rocedu res  are not inc luded in the 15 Oc tobe r  r ev i s i on  to the AOH,
IOS data shee ts  fo r  s ta t ions 1, 3, and 4 dur ing ini t ial  orb i ta l  opera t ions
are 01 .1 ,  03 .1 ,  and 04 .1 ,  r espec t i ve l y .  P rocedu res  for  s ta t ions  1 and 3
during minimum power  operat ions are the subject  of IOS data shee ts  01 .2
and 03.2;  and p rocedures  for station 1 and station 3 during S- IVB separat ion
are conta ined in IOS data sheets  01 .3  and 03 .3 .

Deorb i t  and Entry P rocedu res  IOS Data Sheets.

Deorbi t  and entry p rocedures  in paragraph  8.4 of the Apollo
Operations Handbook (SM2A-03) have been div ided into four sequent ial
groups for use in the AMS: those involved in prepar ing  for and accom-
pl ishing re t r og rade ,  p repara t ion  fo r  and accompl ishment of C /M-S /M
separa t i on ,  p repara t ion  fo r  and accompl ishment of G&N mode entry,
and those p rocedures  requ i red  to moni tor -cont ro l  the earth landing
sequence.

Procedu res  fo r  p repar ing  for  and accompl ish ing re t ro f i re  are inc luded
in s teps 1 through 17 of paragraph 8 .4  of the AOH., The IOS data shee ts  fo r
these  p rocedu res  are E l . 1 ,  E3 .1 ,  and E4 ,1 .

Procedures  for prepar ing for and accomplishing C /M-S /M  separat ion
are included in steps 19 through 30 of paragraph 8.4 in SM2A-03,  Step 18
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of the p rocedu re  has been re located  for AMS appl icat ions to immediately oo
fo l low step 15. Th is  was done to el iminate all act iv i t ies ou ts ide  of the 

|

couches  dur ing deo rb i t  and ent ry .  IOS data shee ts  fo r  stat ions 1, 2, and 3
a re  E l1 .2 ,  E2 .1 ,  and E3 .2 ,  respectively.

Procedu res  fo r  p repar ing  for  and accomplishment ent ry  are inc luded
in steps 31 through 60 in paragraph 8.4 of the AOH. The IOS data sheets
f o r  t hese  p rocedu res  are E l1 .3 ,  E2 .3 ,  and E3.  3.

Procedu res  for arming, otherwise operat ing,  and monitoring the earth
landing sequence are included in steps 61 through 82 in paragraph 8.4 of
the AOH. The IOS data sheets  fo r  these  p rocedu res  are E.  14 and E3.  4.

3 .6 .5 .5  Postlanding Procedures  IOS Data Sheets.

Postlanding procedures  are the subject of paragraph 8.5 of SM2A-03,
IOS data shee ts  fo r  s tat ions 1, 2, 3, and 4 are R1 .1 ,  R2 .1 ,  R3 .1 ,  and
R4.1 ,  respectively.

3 .6 .5 .6  System P rocedu res  10S Data Sheets.

IOS data shee ts  fo r  sys tem management p rocedu res  are with r e fe rence
to paragraph 8 .5  of the Apollo Opera t ions  Handbook. In  many cases  paragraph
numbering of individual  p rocedures  in the AOH is prohibit ive to numerical
c ross - re fe renc ing  in table 3 -14 .  However ,  t i t les  fo r  IOS data shee ts  and
SM2A-03  sys tem management p rocedu res  are common and c ross -co r re l a t i on
can be accompl ished  by topic ra ther  than paragraph number.

The Oc tober  15 r ev i s i on  to the Apollo Operat ions Handbook speci f ica l ly
omi ts  p rocedu res  for  operat ion of the SCS and G&N sys tem.  Therefore,
alternate p rocedures  re fe rences  have been establ ished for those SCS and
G&N procedures  requi red to accomplish the nominal training m iss ion ;  these
alternate p rocedu res  sou rces  are def ined in paragraph  3 .6 .5 .7  and
3 .6 .5 .8 .

3 .6 .5 .7  SCS P rocedu res  10S Data Sheets.

Paragraph 3.5 of this volume of the handbook explains that SCS operating
procedures  were intentionally omitted from the October 15 AOH, Since SCS
p rocedu res  are essen t i a l  to the accomplishment of a continuous nominal
t raining m iss ion ,  an al ternate source of SCS procedures  has been designated
as re fe rence  source for this ins t ruc tor  handbook. The re fe rence  used was
a se r i es  of NAA/S&ID Eng ineer ing  I Ls  ( I L  Nos .  697 -503 -110 -65 -105 ,
697-503-110-65-110,  697-503-110-65-118,  697-503-110-66-001,  and
697-503-110-66-014,  The only SCS p rocedure  f rom these ILs  that is

d i rec t l y  man i fes ted  as an IOS data sheet  is '"SCS Mode Del ta  V , "  the
subject of IOS data sheet SC1.03 and Engineer ing  IL  697-503-110-65-118.
The ILs  used as SCS p rocedu res  re fe rence  in the prepara t ion  of this
instructor  handbook are also being used as SCS procedures  re fe rence  data
in  p repara t ion  of the Apr i l  15 rev i s ion  of the AOH.,
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3 .6 .5 .8  G&N P rocedu res  IOS Data Sheets.

3 .6 .5 .9

3 .6 .5 .10

3.6.6

Paragraph 3 .5  a lso  explains that no G&N p rocedu res  we re  prov ided in
the Oc tober  15 AOH., S ince G&N p rocedu res  are essen t ia l  to the accom-
plishment of a continuous nominal t raining m iss ion ,  an alternate source of
G&N procedures  has been designated as re fe rence  source for this instructor
handbook. The re fe rences  used we re  MIT Repor t  R507 (January 1, 1966)
and the AMS End I tem Speci f icat ion fo r  the SC 012 modi f icat ion.  These
re fe rences  we re  used in p repar ing  G&N IOS data shee ts  for  both station 1
and stat ion 4. The p rocedures  themselves are f rom R507. The verb/noun
combinat ions are f r om the end i tem spec i f ica t ion .  Table 3 -15  ident i f ies
which R507 p rocedu re  was used to p repa re  each IOS data shee t .  The
MIT R507 document is also be ing used as bas i c  re fe rence  mater ia l  in the
prepara t ion  of the Apri l  15 rev is ion  to the AOH,

SPS Abort and RCS Ret ro f i re  P rocedu res  10S Data Shee ts .

No c rew  p rocedu res  fo r  SPS abort  and RCS re t ro f i re  suitable for  use
in the AMS were available at the t ime this document was publ ished. For
this r eason ,  no 10S data shee ts  for  these  two p rocedu res  have been identif ied
or p rov ided  in th is  handbook.

Malfunction P rocedu res  10S Data Sheets.

IOS data sheets have been prov ided for only those malfunctions that
deve lop into complex opera t ions .  Where  a malfunction is  ove r r i den  by
posi t ioning a few simple cont ro ls ,  data prov ided  in sect ion 5 (Malfunction
Data) of Volume II of th is  handbook will suffice. Malfunction p rocedu res
f rom paragraph 9 .1  of the AOH that have been suppor ted with IOS data
sheets are l i s ted  in table 3-15. The l ist ing is by IOS data sheet number,
malfunction p rocedures  t i t le,  and SM2A-03 paragraph number,

COMPILING THE SCRIPT .

F igure 3-43 i l lus t ra tes  the complete  sequence of i ns t ruc to r -ope ra to r
involvement in p repar ing  for and accompl ishing an AMS training sess ion  in
acco rdance  with th is  handbook. F igure 3 -40 ,  p rov ided ea r l i e r  in this sect ion
of the handbook, i l lus t ra tes  the p repara t ion  of the sess ion  sc r i p t  in g rea te r
de ta i l .  The s teps involved in p repar ing  a sc r ip t  fo r  a se lec ted  sess ion
are as follows:

a. Remove appl icable session data sheet f rom sect ion 2 of Volume II.

b. Remove applicable init ialization checkl is ts  f rom sec t ion  3 of
Volume II  (per  ins t ruc t ions  in sess ion  data sheet).

c. Remove applicable IOS data sheets f rom sect ion 4 of Volume II
(per  instruct ions in sess ion data sheet).

d. Copy sess ion data sheet, init ial ization checklist, and IOS data
sheet and return or ig ina ls  to looseleaf Volume II.
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e. Ar range  IOS data sheets in accordance with instruct ions provided in
the session data sheet.

f. Annotate the IOS data sheets in accordance with instruct ions provided .
in the session data sheet.

g. A r range  the completed inst ructor  sc r ip t  with sess ion  data sheet
f i r s t ,  in i t ia l izat ion check l i s t  second ,  and compi led IOS data shee ts  last,
then staple or o therw ise  b ind.

3 .6 .7  SESSION ACCOMPLISHMENT,

It wi l l  not be necessa ry  fo r  the i ns t ruc to r -opera to r  to p repa re  a sc r ip t
every t ime the simulator is used. Once an inst ructor  sc r ip t  has been pre-
pa red  (as out l ined in paragraph 3 .5 .6 ) ,  i t  may  be used ove r  and over  again.
Whether a new sc r i p t  is  p repa red  or  a p rep repa red  sc r ip t  is  used ,  the
p rocedu res  fo r  accompl ish ing a sess ion  are the same .  (See f igure  3 -43 . )

The f i r s t  and l as t  phases  of t ra in ing sess ion  accompl ishment are the
c rew  b r i e f i ngs  to be p rov ided .  The two -con fe rence  type t ra in ing b r ie f ings
are fo r  different pu rposes  and must be separa te l y  p repa red .  The complete
task  of t ra in ing sess ion  accompl ishment (as i l lustrated in f igure 3 -43 )  is
discussed in the following paragraphs.

3 .6 .7 .1  Presimulat ion Briefing.

The purpose of the presimulation br ie f ing is to introduce the flight
c rew  to the pu rpose  and scope of the planned sess ion ,  p rov ide  any c rew
background in simulated spacecraft configuration and s imulated m iss i on  plan
r equ i red ,  and in t roduc t ion  to  the c rew  the p rocedu res  to  be  used .  The
br ie f ing should be p r imar i l y  cont ro l led by the i ns t ruc to r -opera to r  with
ques t i ons ,  as r equ i red ,  by the crew.

Re fe rence  mater ia ls  for  sess ion  prepara t ion  are prov ided in th is
handbook and the Apollo Operat ions Handbook (SM2A-03) .  The nature of the
use of these  r e fe rences  is as follows:

Sess ion  Data Sheet (of Completed Sc r ip t ) .  Purpose and scope of
planned sess ions

AMS Ut i l izat ion (Section 3, Volume I) .  As requ i red  to explain the
miss ion  plan and m iss ion  events to be simulated in the AMS; should
have extensive appl icat ion in m i ss i on  task  and typical m i ss i on  training
and on ly  l imi ted appl icat ion in par t  task  t ra in ing

Apollo Operat ions Handbook, (15 October 1965). Crew procedures  to
be p rac t i ced  dur ing the t raining session

AMS Desc r i p t i on  (Sec t i on  1, Volume I ) .  As requ i red  to explain SCM
contro l  and ind ica tor  functions; may  be used in conjunction with table 2 -1
to explain d i f f e rences  between AMS and AF  012
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SELECT SESSION
(FROM SYLLABUS-SECTION 3, VOLUME 1)

REFERENCES:
® NOMINAL TRAINING MISSION (SEC 3, VOLUME I)
® APOLLO OPERATIONS HANDBOOK (SM2A-03)

PREPARE INSTRUCTOR SCRIPT
(USING SESSION DATA SHEET - SECTION 2, VOLUME II)

® REMOVE SESSION DATA SHEET (SEC 2, VOLUME Hl)
® REMOVE INITIALIZATION DATA SHEETS PER SESSION

DATA SHEET (SEC 3, VOLUME Il)
® REMOVE 10S DATA SHEETS PER SESSION DATA SHEET

(SEC 4, VOLUME II)
® COPY SCRIPTING MATERIALS AND RETURN ORIGINALS

TO INSTRUCTOR WORKBOOK
® ARRANGE AND ANNOTATE SCRIPT PER

INSTRUCTIONS [IN SESSION DATA SHEET

BRIEF CREW
(PRE-SESSION BRIEFING)

® MISSION CHARACTERISTICS (SESSION
PLUS NOMINAL TRAINING MISSION)

APOLLO OPERATIONS HANDBOOK)

SIMULATOR SYSTEMS)

PLAN TRAINING SESSION
(USING PREPARED INSTRUCTOR SCRIPT)

REFERENCES:
SYLLABUS & NOMINAL MISSION (SEC 3, VOLUME 1)
APOLLO OPERATIONS HANDBOOK (SM2A-03)

- SIMULATOR SYSTEMS (SEC 2, VOLUME I)
AMS DESCRIPTION (SEC 1, VOLUME I)
AMS OPERATION (SEC 1, VOLUME II)
MALFUNCTION DATA (SEC 5, VOLUME II)
SIMULATION OUTPUT DATA (SEC 46, VOLUME II}

® SESSION PURPOSE & SCOPE (SESSION DATA SHEET)

® CREW PROCESURES (SESSION DATA SHEET PLUS

® SIMULATOR VS SPACECRAFT ENVIRONMENT (APOLLO }
OPERATIONS HANDBOOK, AMS DESCRIPTION,

DATA SHEET

SET-UP SIMULATOR \ _
(PER PROCEDURES OUTLINED IN SESSION DATA SHEET)

® AMS OPERATION (SEC 1, VOLUME II)
® AMS DESCRIPTION (SEC 1, VOLUME 1}

ACCOMPLISH SESSION
(PER SESSION DATA SHEET)

® COMPLETED INSTRUCTOR SCRIPT
® APOLLO OPERATIONS HANDBOOK (SM2A-03) —=S— —

Yr ) )
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LL  hn = 0]
h _—

;

—i
SECURE FROM SESSION PA

DE-BRIEF CREW
(POST SESSION DE-BRIEFING)

® MISSION HISTORY (NOMINAL TRAINING MISSION
& TRANSCRIPTION DATA)

® CREW PERFORMANCE (APOLLO OPERATIONS
HANDBOOK & TRANSCRIPTION DATA)

® MALFUNCTIONS AND MSFN SIMULATION
(SIMULATOR SYSTEMS - SEC 2, VOLUME I)

| _— -— -— — -—

- ES

(SHUTDOWN EQUIPMENT & EXTRACT TRANSCRIPTION DATA) ~~ .
® AMS OPERATION (SEC 1, VOLUME II)
® AMS DESCRIPTION (SEC 1, VOLUME I)

F igu re  3 -43 .  Use  of

y
r

A .
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<@ Simulator Systems (Sect ion 2, Volume I).  As requi red  to explain
spacecraf t  systems simulated in the AMS; should have extensive
application in  pa r t  t ask  t ra in ing and little or no application in m i ss i on
task and typical  m iss ion  training.

3 .6 .7 .2  Use of Completed Script.

Instructor-operator p rocedu res  fo r  the AMS are the subject  of
sect ion 1 (AMS Operation) of Volume II, Spec ia l  inst ruct ions which are
supplemental to that sec t ion  are inc luded in the sess ion  data shee t .  Contents
of sec t ion  1 of Volume II,  as amended by the sess ion  data sheet ,  wil l be used
by the i ns t ruc to r -opera to r  to set up and accompl ish  the t raining session.

During init ial ization and accomplishment of each simulation run in the
sess ion ,  the i ns t ruc to r -opera to r  should work  pr imar i ly  f rom the ini t ial izat ion
checkl ist  and the IOS data sheets, and annotation of these i tems should be
made accord ing ly .  Re fe rence  to o ther  po r t ions  of the handbook during
actual on - l i ne  simulation would in ter fere  with ins t ruc to r -opera to r  concen-
trat ion on the s imulat ion- t ra in ing s i tuat ion.

3 .6 .7 .3  Postsimulation Debriefing.

The purpose of the postsimulat ion debrief ing is to review the resu l ts
of the completed t ra in ing sess ion .  The debr ie f ing should be pr imar i ly
cont ro l led by the per forming flight crewmembers fo r  the pu rpose  of under-
standing and interpreting results. The ins t ruc to r -opera to r  should ass i s t
with r e fe rence  mater ia ls  and pe rsona l  observa t ions .  Re fe rence  mater ia ls
and their  appl icat ions are as follows:

Instructor Sc r ip t .  Fo r  t ra in ing sess ion  h i s to ry

Instructor-Operator Notes  (During Run or Sess ion ) .  Fo r  ins t ruc to r -
opera to r  observa t ions  and comments

Data T ransc r i p t i ons  f rom AMS. Fo r  per formance evaluation of the
session with data t ranscr ibed  by X-T  and X-Y plotters and digital
tape r eco rde rs

AMS Ut i l izat ion (Sec t i on  3, Volume I ) .  As r equ i red  to rev iew the
m iss ion  plan and circumstances surrounding m iss ion  events ;  should
have extensive appl icat ion in m i ss i on  task  and typical m i ss i on  training
and only l im i ted appl icat ion in pa r t  task  t ra in ing

Apollo Operat ions Handbook (15 October 1965). As requ i red  in d is-
cuss ion  of crew procedures  accompl ished during the session

System Simulation (Sec t ion  2, Volume I ) .  As requ i red  to explain
simulated malfunctions, MSFN systems data and systems performance;
is  appl icable to all sess ions  involving simulated malfunct ions.
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REFERENCE TABLES.

Sections 5 and 6 of Volume II contain re fe rence  tables for sett ing up
and operat ing the AMS. Tables are for two functional purposes .  The f i rs t
purpose is as re fe rence  mater ia l  for the t ra ining sessions and simulation
runs inc luded in the AMS sy l labus conta ined in th is  book .  The second
pu rpose  is a bas i c  data to be used in the p repara t ion  of addi t ional  sess ions
and runs above and beyond  those  def ined in th is  handbook.

Simulated Malfunction Tab les .

Sect ion 5 of Volume II contains a complete l i s t  of the spacecraf t
malfunctions s imulated in the in i t ia l  de l i ve red  conf igurat ion of the AMS.
The malfunctions are ident i f ied by MIU number and desc r ip t i ve  t i t le .
They are individual ly suppor ted with desc r i p t i ons  of manner  of mani festat ion
to the c rew  ( i ns t ruc to r )  and appropr ia te  c rew  response  information. The
malfunction tab les  are broken into sys tems .  Malfunctions l i s ted  in the tab les
.are a lso i l lus t rated in the r espec t i ve  sys tem flow d iagrams p rov ided  in
sec t i on  2 (Simulator Sys tems)  of th is  volume.

Simulation Output Tables.

Sec t ion  6, Volume I I  conta ins a complete l i s t  of spacecraft and m iss i on
simulat ion outputs available to X -T  and X -Y  reco rde rs ,  tape r eco rde rs ,  the
elect ron ic  typewr i ter ,  and the TM console.  The tables will be grouped by
computer p rog ram.  Contents of the table inc ludes  the fol lowing:

e P rog ram symbol  fo r  each simulat ion paramete r

e Desc r i p t i on  of each simulation pa ramete r

® Unit of measurement  and operat ing range (upper  and lower  limit) of
each parameter

eo Ident i f icat ion of whether parameter  is in  analog or  d ig i ta l  format

eo Identif ication of parameters available in  TM conso le  channels

e Ident i f icat ion of TM fault pa tches

eo Ident i f icat ion of pa rame te rs  normally transcribed on d ig i ta l  tape.

COMPILING ADDITIONAL SESSIONS.

The number of s imulated s i tuat ions,  simulator runs, and t ra in ing
sess ions  conce i vab le  on the AMS i s ,  of  cou rse ,  in f in i te ly  l a rge r  than
those in the syl labus contained in th is  handbook. However ,  where  s i tuat ions,
runs ,  and sess ions ,  not  inc luded in the sy l labus are r equ i red  for  any
pu rpose ,  the handbook contents can be used to p repa re  addi t ional  sess ion
data sheets. The. p rocedure  for using the SM2A-03 to p repare  additional
session data sheets is shown in f igure 3-44 and d iscussed in the following
pa rag raphs .
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ADDITIONAL SESSIONS
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AMS SYLLABUS REVIEW
EXISTING
SYLLABUS

BE MODIFIED FOR PURPOSE
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ACCOMPLISH REQUIRED
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SECTION 3
VOLUME 1

NOMINAL TRAINING
MISSION

SELECT
INITIALIZATION]

POINT

REVIEW
AMS OPERATING

PROCEDURES

SECTION 1 VOLUME 2
AMS OPERATION

SELECT
SIMULATED

MALFUNCTIONS]

SECTION 2
VOLUME 1

SIMULATOR SYSTEMS SECTION 4
VOLUME 3

MALFUNCTION
DATA

ESTABLISH SELECT COMPILE MEASUREMENTMEASUREMENT MEASUREMENT MEASUREMENT,OBJECTIVES PARAMETERS DATA FOR NEW SESSION

SECTION 6
VOLUME 2

SIMULATION OUTPUT DATA\

LEGEND

INPUTS TO 4 OUTPUTS
FROM SESSION PREPARATION

INSTRUCTOR-OPERATOR
TASKS IN PREPARATION

COMPILE/PROCESS
SESSION DATA SHEET

COMPILE INSTRUCTOR
ACTIVITY OUTLINE FOR NEW

SESSION

SECTION 2
VOLUME 2

INITIALIZATION
DATA

REVIEW
INITIALIZATION

CHECKLIST
REVIEW

10S
DATA SHEETS

SECTION 4
VOLUME 2
IOS DATA

SECTION 3
VOLUME 1 \

NOMINAL MISSION
COMPILE SCRIPTING NOTES PROCEDURES
& SCRIPTING WORKSHEETS P r  ;
FOR NEW SESSION :

NEW SESSION
DATA SHEET

® PURPOSE
® SCOPE
® CREW PROCEDURES REFERENCE
® MEASUREMENT DATA
® INSTRUCTOR ACTIVITY

OUTLINE
® SCRIPTING NOTES

SM-6T-2-02-258A | ® SCRIPTING WORKSHEET

F igure  3 -44 .  Prepar ing  New Sess ion  Data Sheets F rom Handbook
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Requirements for Addit ional Sessions.

Requ i remen ts  f o r  add i t iona l  t ra in ing sess ions  and s imulat ion runs can
occur for any number of reasons .  Addit ional sessions may be des i red  in
any of the types  of t ra in ing  inh the sy l labus p rov ided  in th is  handbook (pa r t
task,  m i ss i on  task ,  and typ ica l  m i ss i on ) .  C rew  p rocedu res  development
and ver i f i ca t ion  wil l p roduce  requ i remen ts  not cove red  by sess ion  in  the
sy l l abus ,  and so wi l l  deve lopment  and ve r i f i ca t i on  of  m i ss i on  rules,

Whenever there is a requi rement  to use the simulator for a purpose
and /o r  in  a fash ion  other than chronolog ica l  accompl ishment  of  the syllabus,
the p rocedures  i l lustrated in f igure 3-44 should be followed.

Use of Exist ing Sess ions .

The f i r s t  step is to p repa re  an accurate  definit ive statement of the
requirements to be met and rev iew the syl labus p rov ided  in this sec t ion  to
see if any of the sessions def ined there in  will meet the requi rement  or can
be modi f ied to mee t  the requ i rement ,  If any of the existing sess ions  will
meet the requ i rement ,  sess ion  data fo r  the spec ia l  pu rpose  is  es tab l i shed,
and the appropr ia te  sess ion  data sheet  can be removed f rom sec t i on  2 of
Volume II and used to p repa re  the requ i red  scr ip t .

Where i t  appears  that an existing sess ion  can be modif ied to meet
the requirement,  the sess ion data sheet could be removed from sect ion 2
of Volume II,  rev iewed,  modi f ied as requ i red ,  and used to p repare  the
requ i red  script.

New Sess ion  Purpose and Scope.

If none of the exist ing sess ions  can be adjusted to mee t  the special
requirement,  the requirement becomes the "Purpose '  of a new session data

The second  step in p repa r ing  a new t ra in ing sess ion  is to rev iew the
nominal t raining m iss i on  ( sec t ion3,  Volume I) and es tab l ish  which phase or
phases of the m iss i on  should be used, which var ia t ions in the def ined m iss ion
are requ i red ,  and what s imulator runs wil l be requ i red  to fulfill the stated
pu rpose  of the sess ion .  A gene ra l  desc r i p t i on  of the scope of the sess ion  and
a definit ive l is t  of the simulator runs involved should be t ransc r i bed  on the
new session data sheet as the "Scope" of the session.

Crew P rocedu res  and Measu remen t  Da ta .

With purpose and scope defined, the next step in p repar ing  a new training
sess ion  is to rev iew c rew  p rocedu re  re fe rence  for  the pu rpose  of determin ing
which p rocedu res  are to be pe r fo rmed  by the c rew  in the SCM.  Th is  is  done
by reviewing the SM2A-03 (and other inter im procedures  re ferences)  with
r espec t  to  the nominal  t ra in ing  m iss i on ,  Tab les  3 -9 ,  3 -11 ,  and 3 -12  of  th is
sect ion  wil l  also be useful in identifying crew procedures  for the session.
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When the spec i f i c  sec t i ons  and paragraphs  of SM2A-03  to be per fo rmed in  <
the session are ident i f ied,  they should be transcribed as the "Crew Procedures  |

Refe rence !  data on the new sess ion  data sheet.

Crew performance measurements  are not the subject  of this handbook.
Howeve r ,  with a known measu remen t  requ i rement  and s tandard,  the handbook
can be used to estab l ish and implement a measurement  ob jec t ive ;  that is,
prope l lan t  consumption per  axis per  r ea l  t ime,  ent ry  t r a j ec to r y  e r ro r s
versus  RCS thrust ing per axis, etc. When such machine t ranscr ip t ion
ob jec t i ves  are de f ined ,  the requ i red  pa rame te rs  (and re la ted  p rograming
opera to rs  and scale fac tors)  can be located  in the simulation output tables
in  sec t i on  6 of Volume I I .  The measurement  object ive and spec i f i c  parameters
information should be noted on the new session data sheet as "Measurement
Da ta . "

Ins t ructor  Activity Outline,

Pr io r  to  compi lat ion of the ins t ruc to r  act iv i ty  out l ine,  i t  i s  necessa ry  to
select the p rog ram  init ial ization point(s) and simulated malfunctions to be
used in each run. In i t ia l izat ion points (and requ i red  fas t - t ime to get to run
start  po in ts )  are se lec ted  f rom the nominal t ra in ing m iss i on .  Two important
cons ide ra t i ons  must  be appl ied in se lec t ing  in i t ia l izat ion po in ts .  The f i r s t  is
that enough elapsed t ime is inc luded to accompl ish crew procedures  planned
f o r  the run. Tab le  3 -15  in  th is  sec t ion  i nc ludes  t ime approximates for  each
p rocedu re .  The second cons iderat ion is that navigation sight ings requ i re
both daylight and landmark avai labi l i ty .  F i gu res  i l lustrat ing day-night  phases
and landmarks avai lable in the nominal t ra in ing m iss i on  are to be found
elsewhere in this sect ion of the handbook.

Select ion of simulated malfunctions to be used in the new training
sess ion  i s  made  f r om the simulated malfunction table in  sec t ion  5 of
Volume I I .  Flow diagrams of sys tems simulated are prov ided in sec t ion  2
of th is vo lume,  and should be usefu l  in  comprehending and in terpre t ing the
malfunct ion desc r i p t i ons  in the table.

After ini t ial izat ion po in t ( s )  and s imulated malfunctions are se lec ted ,
the ins t ructor  activity outline is p repared .  The pr imary  re fe rence  for
prepar ing  the out l ine is  the contents  of sec t i on  1 (AMS Operat ion)  of
Volume I I .  The outl ine is  to supplement the check l i s ts  conta ined in that
sect ion with those de ta i l s  necessary  to accompl ish  the speci f ic  runs of which
the new  sess ion  i s  compr i sed .  Con ten ts  of the out l ine must  inc lude ,  but i s
not necessa r i l y  l imi ted to ,  the fol lowing i t ems :

e Identif ication of simulator complex checkl ist  to be used

e Var ia t i ons  in and except ions to the se lec ted  checklist

e Identif ication of MEP film cassettes and sl ide magazines requ i red
(if any)
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e Program ope ra to r  codes for  sett ing up and init iating the requ i red
computer programs

® Des i red  pos i t i on  of all simulator cont ro ls  requi r ing ins t ruc to r -
opera to r  pos i t ion  se lec t ion

e Specif ic deta i ls  of init ial ization and step-ahead to run start  point(s)

eo Malfunction codes  and manner  of  i nse r t i on  fo r  all se l ec ted  simulated
malfunctions

e Simulator communications sys tem conf igurat ion to be used

@ True  t ra inee  environment setup

e Supplemental instruct ions for t ranscr ip t ion  device above and beyond
those l i s ted  under "Measurement  Data' '  ( i f any)

Scripting Data and Scr ipt  Preparat ion.

When the i ns t r uc to r -ope ra to r  has comple ted  the p repara t ion  of the
ins t ruc to r  act iv i ty out l ine,  he is r eady  to do deta i led planning of the IOS
scr ip t .  If he des i res  to add the new session to the basic AMS session
library, he can complete the new sess ion data sheets by compil ing the
scr ip t ing notes and scr ipt ing worksheet .  When the application of the new
sess ion  does not require a permanent  and complete sess ion  data sheet ,  the
IOS sc r ip t  can be d i rec t l y  p repa red  without compil ing the sc r ip t ing
instructions.

To e i ther  compi le the scr ip t ing  ins t ruc t ions  or d i r ec t l y  p repa re  the
IOS sc r ip t ,  it is necessary  to identify the init ial izat ion checkl is t (s)  and IOS
data sheets requ i red  for the session. IOS data sheets are identi f ied with the
c rew  p rocedu res  (a l r eady  l i s t ed  on new sess ion  data sheet)  as shown in
table 3 -15  of th is  sec t i on .  I f  the sess ion  data sheet is  to be comple ted,  the
ident i f icat ion of these  data i t ems  and the i r  sequence  of p resen ta t i on  should be
noted  under sc r ip t ing  i ns t ruc t i ons .  If  the sc r i p t  is to be d i r ec t l y  p repa red ,
the i tems should be cop ied  and a r ranged  in the i r  o rde r  of p resen ta t i on .  The
nominal m i ss i on  p rocedu re  out l ines con ta ined  in  tab les  3 -9 ,  3 -10 ,  3 -11 ,  and
3-12  should be ext remely  helpful in p repa r ing  the scr ip t ing i ns t ruc t i ons
and/or  the sc r ip t  itself.

Where  a t ime l ine  of the p lanned runs  i s  r equ i red ,  i ns t r uc t i ons  f o r
annotation IOS data sheets should be compi led under "Script ing No tes .
Where the sc r i p t  is d i rec t l y  p repa red ,  the t imel ine can be d i r ec t l y  noted
under " "T ime '  on the IOS data sheet.

Other no tes  re lat ive to the spec i f i c  sess ion  runs be ing  planned may  be
noted on the scr ip t ing  worksheet  (whe re  a sess ion  data sheet  is  be ing p repa red )
or d i rec t l y  noted on the IOS data sheet. Such notes must include the following:

¢ The number of each selected malfunction under '""Malf" in d i rec t  alignment
with the p rocedu re  step to which it re la tes
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Tit le and desc r ip t i on  of each malfunction under "Function"

Anticipated response to each malfunction under "IOS Vis ib i l i ty /Act ion"

Ins t ruc t ions  fo r  any up-da ta  l ink operat ion ( inc lud ing par t ic ipat ion in
navigation procedures)

Notes  fo r  ins t ruc tor  simulation of MSFN in the nonintegrated mode

Any inst ruct ions required to t rans i t ion  f rom one IOS data sheet to
another in  sess ion  run accomplishment.



A/D
AGAP

AGC
AGCU
AM
AMS
AMSC

A/R
AS
AS/GPI

ATT
BCD
BCN
BMAG
CCC
C&D

CCTV
C/B
C/C
CDU
C/M
CRT
CCS
CTE
C/W
CWS
DDP-24
DDP-224
D/A
DBI
DBIM
DBO
DCE
DCS
DEC
DMA
D/R
DSE
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APPENDIX A

ABBREVIATIONS

Analog- to-d ig i ta l  DSIF
Attitude gyro acce lerometer  DSKY

package DWI
Apollo gu idance computer DWO
Attitude gyro coupling unit DWOR
Amplitude modulat ion EAI
Apollo m i ss i on  simulator
Apollo m iss ion  simulator ECS

computer EDS
Analog reso l ve r  ELS
Atmospher ic  sys tem ESS
Attitude se t -g imba l  pos i t ion  EVA

ind ica tor  FBC
Attitude F /C
Binary -coded  decimal FDAI
Beacon GFE
Body-mounted attitude gy ro
Computer cont ro l  corpora t ion  G&N
Communications and data GMT

system GOSS
Closed  c i r cu i t  t e l ev i s i on
Circu i t  b reaker  GSE
Computer- to-computer  GSSC
Coupl ing d isp lay  unit
Command module HS
Cathode ray tube HF
Conso le  communications sys tem IGN
Cent ra l  t iming equipment IIS
Caution and warning IMCC
Caution and warning system
Computer model  number IMU
Computer model  number 10
Dig i t a l - t o -ana log  1 /0
Digital  bit  input IOS
Digi ta l  b i t  input (memory) IRIG
Digital bi t  output
Data conve rs ion  equipment IUDL
Digi ta l  command system INV
Decl ina t ion  JETT
D i rec t  memory  access  KMC
Digi ta l  r eso l ve r  KYBD
Data  s torage equipment LAT

Deep space information faci l i ty
Disp lay  and keyboard
Dig i ta l  wo rd  input
Digi tal  wo rd  output
Digi ta l  word  output r e l ay
E lec t ron i c  Assoc ia tes

Inco rpo ra ted
Environmental contro l  sys tem
Emergency  de tec t i on  sys tem
Earth landing sys tem
Essen t i a l
Extra-vehicular astronaut
Fully-buffered channel
Fuel  ce l l
Flight d i r ec to r  attitude indicator
Government-furnished

equipment
Guidance and navigat ion
Greenwich mean time
Global operat ion support

sys tem
Ground support  equipment
Ground suppor t  simulation

computer
Heat  sh ie ld
High f requency
Ignit ion
Infinity image sys tem
Integrated m iss i on  cont ro l

cen te r
Internal measurement  unit
Instructor-operator
Input-output
I ns t ruc to r -ope ra to r  s ta t ion
Inertial r e fe rence  integrat ing

gy ro
Integrated up-data l ink
Inver ter
Je t t i son
Ki lo  megacyc le
Keyboard
Lat i tude



LEB
LEM
LES
LONG

LOS
1t
LV
MCP
MDV
MEP
MG
MIU
MOCR

MSCC

MSFN

MT
MTR
MTU
NRZ
OCP
P/B
PCM
PIP
PIPA

PKG
PL
PLSS
PMP
PSIA

PT
PTT
PU
RAD
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Lower  equipment bay
Lunar excurs ion  module
Launch escape system
Longi tude
L ine -o f - s i gh t
Light
Launch vehic le
Manual cont ro l  panel
Map and data v iewer
M iss ion  ef fects p ro jec to r
Motor  gene ra to r
Malfunction inse r t i on  unit
M i ss i on  opera t ions  cont ro l

room
Manned Spacecraft Control

Cente r  |

Manned spacecraft flight
network

M iss ion  Task
Motor
Magnet ic  tape unit
Nonreturn to ze ro
Output cont ro l  pu lse
Pushbutton
Pu l se -coded  modulat ion
Pulsed input pendulous
Pulsed input pendulous

acce le rome te r
Package
Photometer leve l
Portable life support system
Premodulat ion p rocesso r
Pounds per square inch

(abso lu te )
Part  t ask
Push- to- ta lk
Propellant uti l ization
Radia tor

RCS
RCVR
REC
RTC
RV
S/C
SCATS

SCE
SCS
SCM
SCT
SEP
SHA
SOC
SPS
SRS
SSB
SW

sw-1t
SXT
TB
TBD
TBSL
T /C
T/L
TM
T/R
TV
UDL
UDS
UPTL
USBE
VCO
VHF
VOX
WWYV

React ion control  system
Rece i ve r
Rece i ve ( r )
Rea l  t ime command
Rendezvous
Spacecraft
Simulation checkout and

t ra in ing sys tem
Signal condit ioning equipment
Stabil ization control  system.
Simulated command module
Scanning t e l escope
Separat ion
S iderea l  hour angle
Simulation operat ions computer
Serv i ce  propu ls ion  sys tem
Simulated remote s i tes
S ing le  s ide band |

Switch
Switch-l ight 

| |
Sextant 

Lo

Talk back
~ To be def ined

To be supplied la te r
Telecommunicat ions
Te lemet ry
Te lemet ry
T ransm i t - r ece i ve
Te lev is ion
Up-data l ink
Up-data  sys tem
Up- te lemet ry  link
Unif ied S-band equipment
Vol tage cont ro l led  osc i l l a to r
Ver i fy  high f requency
Voice operated
Naval observatory  time

standard  ( r ad io )


