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‘FOREWORD

Paragraph 10.10 of Exhibit I to Contract NAS9-150 specifies
that NAA will provide training procedures and handbooks for the
NASA conducted training associated with training equipment pro-
vided by NAA. This book is Volume I of a three-volume Instructor
Handbook for the initial delivered configuration of the Apollo Mission
Simulator in compliance with the exhibit. Compatibility of contents
with the simulator equipment is to be accomplished by hardware
verification during acceptance demonstration at the subcontractor's
facility. Prior to such verification, the accuracy and validity of
the handbook contents are unconfirmed. Under these circumstances,
it must be understood that where the AMS is not as described, and/or
will not provide the simulation required by the handbook contents,
the handbook is to be adjudged in error. Under no circumstances
shall any of the handbook contents be interpreted as design
requirements data.
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VOLUME I

INTRODUCTION

The purpose of this handbook is to provide detailed instructions for using
the initial delivered configuration of the Apollo Mission Simulator (AMS) to
train flight crew personnel for Apollo mission 204A. The handbook is com-
prised of three volumes. This volume (Volume I, Description) describes the
AMS and the systems and missions simulated. Volume II (Operation and
Utilization) provides instructions for operating the simulator, instructor data
on computer programs, and a recommended syllabus of training sessions for
accomplishing flight crew training for mission 204A in the AMS. Volume III
(Scripting Material) contains the material for making up a complete instructor-
operator data package for each training session in the syllabus. Volume III is
loose-leaf bound to permit removal of contents for copying.

Volume I is divided into three sections. Section 1 (AMS Description)
describes the simulator in terms and depth sufficient to allow the instructor to
become thoroughly familiar with the equipment. The description is supple-
mented with illustrations of the major equipment groups and operating stations.
Tables, keyed to the illustrations, identify the controls and displays and briefly

‘ state the function of each.

Section 2 (System Simulation) contains a description of each simulated
spacecraft system. KEach discussion is supported with a spacecraft system
data flow diagram in which the simulated malfunctions and telemetry points are
depicted. The descriptions and flow diagrams are for two purposes: as a
briefing media for flight crewmembers using the simulator and as instructor
background for effective use of malfunctions and realistic simulation of MSFN.

Section 3 (Nominal Training Mission) provides a description of the overall
Apollo mission to be used as a training media in the AMS. The mission is
comprised of mission 204A events as performed in the initial delivered AMS
configuration. All sessions in the syllabus in Volume II are with respect to
the nominal training mission.

XV [xvi
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SECTION 1

DESCRIPTION

GENERAL DESCRIPTION

The purpose of this section of the handbook is to provide sufficient Apollo
Mission Simulator (AMS) descriptive information to the instructor-operator for
effective operation of the simulator without resource to other AMS documentation.

The AMS is a fixed-base training device capable of simulating the charac-
teristics of space vehicle systems performance and flight dynamics. Space
vehicle flights are simulated in a one-gravity environmentby means of computer -
controlled simulation of system parameters, flight dynamics, and visual
perspective. Instructor observation and control are performed at the operator
station. The simulator provides training of Apollo flight crew members in the
operation of spacecraft systems, space navigation, and crew procedures for
space missions. In addition to normal spacecraft operation, the AMS simulates
malfunctioning systems and degraded systems performance.

There are two complete simulators. The initial AMS will be located at the
Manned Spacecraft Control Center (MSCC), Houston, Texas. The second will be
at Cape Kennedy, Florida. Configuration of both simulators is essentially the
same with the only significant difference being in facility layout.

A facility layout drawing for the MSC is depictedinfigure 1-1. Identified
in the layout drawing and table 1-1 are the major subsystems and each AMS unit.
Conditioned air is supplied by the housing facility directly to the simulator. The
range of equipment operating air temperature is preset. Each cabinet unit
excluding computer and IOS consoles has temperature sensing circuits which
prohibit operating under excessive temperature conditions. Warning horns are
located at the IOS and cabinet 38.

The computer housing area is a clean area with cooling air supplied through
filters at the air intake of the computers. Cable entry and exit is from the bottom
rear of each cabinet-console assembly. Subflooring is used to accommodate

cabling and act as a plenum for cooling-air exhaust outlets. Figure 1-1 includes
AMS cable-run layout.

POWER

The power for the AMS is delivered to power cabinet 32 by the facility
where it is distributed to the various subsystems. The facility power available
is 60-cycle 3-phase 4-wire 120/208 volts up to a maximum of 500 kva. The
facility power is routed through circuit breakers to two major distributionpoints,
simulator power and utility power.
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1

UTILITY POWER

There is a set of bus bars for utility power routed independently from the
rest of the system. This power supplies all of the convenience outlets located
throughout the AMS. It also supplies the utility 26-volt power used to operate
lights and relays which should be enabled even when the rest of the system is off,
for example, cabinet overhead lights and relays, power status lights, and emer-
gency off lights.

SIMULATOR POWER

The simulator power, except of utility power is routed through a main cir-
cuit breaker, which can disconnect the entire simulator. After the main circuit
breaker are the main power buses from which the poweris dividedinto six groups.

Life support

400-cycle motor generator
Computer complex

Data conversion equipment
Peripheral

Visual

Each group has four lines coming from the main power buses. There is a
circuit breaker and a contactor in series for each group. Switching of power to
these groups is accomplished by the sequencing circuitry, which operates in two
modes controlled by switch lights on the main power panel located in cabinet 33.
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Table 1-1.

AMS Equipment Arrangement

Unit No.

Unit Name

Description

POOLED COMPUTER AREA

51

59

50

58

60

57

54

53

55

52

49

48

28

44

4]

47

46

45

DDP-224

DDP-224 fully buffered channel (FBC)

DDP-24 and direct memory access
(DMA)

Card reader

Card punch

Printer

Magnetic tape units 3 and 4
Magnetic tape units 1 and 2
DDP-24 FBC

CCC input/output (I/0) (3)
DDP-24 and DMA

DDP-24 FBC

Peripheral cabinet, data conversion
equipment (DCE)

Malfunction insertion unit (MIU)

Digital bit input

Analog-to-digital (A/D) converter -
integrated up-data link (IUDL) - G&N
buffer

Digital bit input

Computer interface control box

Interface junction box

Contains portions of the internal DCE, These are SCS hand
control electronics, which provide hand control inputs to the
computer, and the G&N word buffer, which permits computer
to interface with PCM-TM encoder (cabinet 30) for G&N 40~
bit word.

Contains Computer Control Corporation (CCC) logic cards,
relay cards, and associated power supplies.
entry of malfunction codes to computer,

Unit provides for

Contains CCC logic cards and associated power supplies.
Unit provides for entry of single-bit switch closures to
computer.

Contains CCC logic cards, associated power supplies, and
switching panel., IUDL section provides data tie-in with
integrated mission control center (IMCC)., The A/D section
converts analog information to digital information to be used
by computer. G&N buffer provides serial G&N word for
telemetry simulation.

Contains CCC logic cards and associated power supplies.
Unit provides for entry of single-bit switch closures to
computer,

Contains CCC logic cards and associated power supplies.
Unit directs signals between computers and all other units

concerned with data conversion.

Contains cabling and connectors, Unit serves as patch panel
between data conversion equipment and remainder of simulator.

. . continued

1-3
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Table 1-1.

AMS Equipment Arrangement (Cont)

Unit No.

Unit Name

Description

POOLED COMPUTER AREA (Cont)

81

42

82

65

66

67

68

75

T

56

40

39

62

34

30

76

1-4

Digital word input (DWI)

Digital system output

Digital system output
Digital systems output

Digital-to-analog (D/A) converter

D/A converter
D/A converter
D/A converter
DCE

Peripheral cabinet,

Peripheral cabinet, DCE

Switching cabinet (guidance and
navigation)

Switching cabinet (in-flight test
subsystem and voice communications)

Peripheral cabinet, DCE-DWO
Peripheral cabinet (up-data link
telemetry and simulation of digital

command system)

Telemetry cabinet 1

Peripheral cabinet, biomedical

Contains CCC logic cards and associated power supplies.
Unit provides for entry of multi-bit words to computer.

Contains CCC logic cards and associated power supplies.
Unit provides for outputs of single bit and multi-bit messages
from computer to simulator.

Same as unit 42,
Same as unit 42,

Contains CCC logic cards and associated power supplies.
Unit converts digital information to analog information for
display use.

Same as unit 66,
Same as unit 66,
Same as unit 66,

Contains analog-to-digital (A/D) converters and digital-to-
analog (D/A-F) (fast), which are used to convert analog signals
to digital information and vice versa.

Contains analog resolver (A/R) units which accept analog

signals from digital-to-analog (D/A) converters and drive
synchro resolvers and control transformers, primarily in
instruments.

Contains relay logic cards, and circuit interrupter cards.
Unit drives digital displays in the IOS. Unit contains relays
that are associated with the command module, stabilization
control system (SCS), inertial measurement unit (IMU),
Greenwich mean time (GMT), and computer control system.
Contains amplifiers, filters, relays, and network cards, Unit
simulates audio signals representative of radio frequency,
VHF/AM, and S-band communication systems, interphone
system, and astro loops (to GSE umbilical) and the emergency
key.

Same as unit 42,

Contains relay cards, network cards, and the 400-cycle
inverter. Provides information for telemetry and 400-cycle
power to data storage unit in the C/M.

Contains line drivers, associated power supply, pulse code
modulation fault controls, attenuator, monitor test shelf. Unit
accepts system faulting control signals from computer and

I0S to provide for systems faulting.

Contains GFE biomedical tape recorder used to supply bio-med
signals to PCM telemetry system.
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Table 1-1. AMS Equipment Arrangement (Cont)
Unit No. Unit Name Description
POOLED COMPUTER AREA (Cont)

32 Power cabinet Contains meters, switches, bus bars, contactors, motor
starters, circuit breakers, and the main power control panel.
Provides power to complete simulator.

33 Power cabinet Same as unit 32.

37 Pheripheral cabinet (switching and Contains circuit breakers, relay logic cards and switching

power distribution) cards. Provides power distribution and necessary electronic
switching for proton detection system and delta V.,

36 Servo cabinet Contains servos, servo amplifiers, network cards and power
supplies. Unit provides signals to drive instruments and
displays in the C/M and IOS.

35 Peripheral cabinet (switching) Contains crystal can relays, mercury relays, and power
relays. Unit provides information to magneline indicator in
IOS, sequence control group, emergency detection system,
and caution warning system (CWS).

38 Peripheral cabinet (aural simulation) Contains audio mixer preamp, power amp, noise generator,
voltage controlled attenuator, and filter, plus associated
power supplies. Simulates noise representing booster, escape,
and aerodynamic effects during launch and re-entry.

80 Switching cabinet Contains D/R units, resolver-digital units, and relay cards,.
Unit drives instruments in C/M and receives resolver-type
information from C/M, and transforms information to digital
data for computer use.

63 Peripheral cabinet, DCE Contains digital resolver units (D/R), which accept digital

TELEMETRY CONSOLE

26

Telemetry console

RECORDERS AND PLOTTERS

27

26

25

24

23

X-Y plotter
X-Y plotter
X-T recorder 3
X-T recorder 2

X-T recorder 1

VISUAL PERIPHERY EQUIPMENT

74

Switching cabinet

words and provide output signals representing analog functions
that drive displays using 400-cps power as input signals.

Contains D/R units and relay cards. Unit drives instruments

in the visual system.,

. continued

1-5




SM-6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-1. AMS Equipment Arrangement (Cont)

Unit No. Unit Name Description
VISUAL PERIPHERY EQUIPMENT (Cont)
73 Rendezvous window 4 equipment cabin Contains electronics for celestial sphere, electronics for
cabinet mission effects projector, electronics for sun shafting and
associated power supplies. Unit provides necessary signals
for infinity image system display.
72 Rendezvous window 2 equipment Same as unit 73.
cabinet

il Landing window 5 equipment cabinet Same as unit 73,

70 Landing window 1 equipment cabinet Same as unit 73.

10 Telescope mission effects projector Contains electronics for MEP and for celestial sphere and

(MEP) equipment cabinet associated power supplies. Unit provides signals to simulate
visual display in conjunction with telescope.

9 Sextant and telescope equipment Contains electronics for shaft and trunnion angle readout, plus

cabinet electronics for sextant and telescope; also, associated power
supplies.

8 Power equipment cabinet Contains relay assembly, circuit breaker panel, variac panel
and bus bar assembly. Unit provides controls for all power in
visual system.

7 Visual equipment cabinet Contains video monitor, video slide pickup, camera control
maintenance control panel, sync generator, and associated
power supplies. Unit controls TV pickup for rendezvous and
docking model house, and also, controls video display
presentation for C/M.

6 Servo equipment cabinet Contains servo amplifier, summing cards, test panel, and
associated power supplies. Unit provides servo drive signals
for rendezvous and docking model house.

61 Visual power cabinet Provides power control and subpower distribution for all
visual equipment. Receives power inputs from main power
distribution cabinet 32. Contains contactors, circuit breakers,
control switches, and bus bars,

110 Rendezvous and docking house Contains model of target vehicle, TV camera equipment, and

INSTRUCTOR STATION

14

15

16

17

18

19

1-6

I0S console

=

IOS console 2

IOS console 3

IOS console 4

IOS console 5

I10S console 6

drive system for target vehicle. Provides C/M with visual
display of simulated target vehicle during rendezvous and
docking maneuver,
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Table 1-1. AMS Equipment Arrangemeht (Cont)

Unit No.

Unit Name

Description

INSTRUCTOR STATION

20

4

64

SIMULATED

IOS console 7

Interface cabinet, SCM and IOS

Camera control unit

COMMAND MODULE

83

o "
-

SIMULATED

Compressor cabinet

Window optical assembly

Window optical assembly
Command module base

Apollo mission simulator command
module

Sextant

COMMAND MODULE (Cont)

13

85

Telescope

Window optical assembly

Window optical assembly

Used for patching signals to SCM and IOS from other AMS
cabinets. Contains connectors, jumper wires, terminal
boards, and convenience outlets.

Contains electronics associated with cameras for closed
circuit television system.

Contains equipment to furnish air supply for life system
equipment in C/M,

Contains relay mirrors, lens, and other optical imaging
devices that form infinity imaging system for that particular

window. The MEP for each assembly is also included.

Same as unit 5,

Contains relay mirrors, lens, and other optical imaging
devices that form infinity imaging system for that particular
window. The MEP for each assembly is also included.

Same as unit 85,

1-7/1-8
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INSTRUCTOR ~ STATION SIMULATED COMMAND MODULE

POOLED COMPUTER AREA
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INSTRUCTOR-OPERATOR STATION.

The station provides the instructor-operator with the means to control the
simulator, monitor the performance of the flight crew, and provide aural cues
required for crew training. The instructor-operator consoles provide the
following capabilities:

Control simulator operation.

Record training evaluation parameters.

Select and control simulated malfunctions.

Control computer operation.

Communicate with flight crew and support personnel.
Monitor and control trainer support systems.

oUW

The instructor-operator station (IOS) is a U-shaped console structure
designed to accommodate three instructor-operators. The purpose of the wrap-
around design is to provide maximum visibility of all control panels from the
master (center) instructor station. KEach console section has independent fluo-
rescent overhead lighting and storage space under the deskarea. Console-cabinet
sections are slope-faced surfaces partitioned to allow transport by forklift.

The IOS (figure 1-2) contains repeater displays of the instruments within
the simulated command module (SCM) and additional controls and displays as
required to enable the instructors to monitor and direct effectively the training
situations. Figures 1-3 and table 1-2 identify each of the panels located on the
IOS. These panels are grouped in sections that perform separate identifiable
functions.

1-1171-12
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Figure 1-3. Instructor-Operator Simulator Console (Sheet 1 of 14)
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Figure 1-3. Instructor-Operator Simulator Console (Sheet 2 of 14)
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Instructor-Operator Simulator Console (Sheet 3 of 14)




SM=-6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

L'AE':" S FLOODLIGHTS sy
©,—9
O—0

————  IMU CONTROL
IMU/COU DIFFERENCE

TRANS FER

ATTITUDE
CONTROL

2 X TRUNNION

SHAFT ANGLE

—————SEXTANT CONTROL—————

INCREASE

DECREASE
= ﬁ
Yaw

ROLL

®

TRUNNION
)
SHAFT SHAFT
® )
TRUNNION
)
CHECK
COOLANT
orrics

TRACKER

MARK

PENDING.
ACCEPT

TELESCOPE SHAFT

TELESCOPE TRUNNION

BRIGHTNESS
PANEL

CHECK

LAMPS

SEXTANT .@
POWER

- RESOLVED

BRIGHTNESS

MAP/DATA VIEWER & FILM DRIVE
——— FILM DRIVE ————

SINGLE

Figure 1-3.

SM-6T-2-02-196

Instructor-Operator Simulator Console (Sheet 4 of 14)




SM-6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

MARK ERROR
R ANGLE (DEGREES)

M ANGLE (DEGREES)

[16)

ORBITAL POSITION
,—— LONGITUDE/DEGREES ——

/—— LATITUDE/DEGREES ——

ALTITUDE
—NAUTICAL MILES——,

NAVIGATION PARAMETERS

———— SHA/DEGREES———

——— DEC/DEGREES ———

————DromEs

N

IR

TEL/SEXTANT DISMAY

TRUE SPACECRAFT ATTITUDE

/——RATE DEGS/SEC ——~—— POS DEGS ——
PITCH

y - 1\'\. \‘\\\\
B\
\'ﬁ 1\\‘ b

\
w b

\
P

NSV 7

=

AN

N i Pt A

:
\!

AN

““:‘::MW\\N
%\\\ \\\
LHA

” R
\, ‘ﬁl:“”“n n
N\

O

\N

[ FUEL QUARTITY BrgmA Y ————

EERRED® O
Wﬂ Y \K‘

N\
<\

\‘u )
‘\“m 17 s
MARK HOLD RELEASE——— =
— = -
AT
~

\ REGISTER 3
o

\
) "
BrEEEE]

(——INDICATOR— (— RO0D——
LIGHT INTENSITY LIGHT INTENSITY
"

M

o m @

Figure 1-3.

N .
> VHE 1 W2

S-BAND FEC T
HE AL

s oz
oML A3

a .
ns RING sc/o0 e,

@ 20
SM-6T-2-02-197A

Instructor-Operator Simulator Console (Sheet 5 of 14)




SM-6T-2-02
APOLLO MISSFON SIMULATOR INSTRUCTOR HANDBOOK

MALFUNCTION STA TUs

9

.ilﬁﬁ@ ﬁﬁuﬁﬂﬁ
slianm BEbH
SzaEs e
BEihE B

Stats

[B &8 |[H S5

El

eeeece]
pjleeceej
Ao ecoe

=F

SM-6T-2-02-198B

Figure 1-3. Instructor-Operator Simulator Console (Sheet 6 of 14)



APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

SM-6T-2-02

[ EARTH LOG SYSTEM —y—— ¢ ot € ———

WASTE MGMT SCIEN  ———— IFTS PWR ———
[ —
LOGICA __LOGICE _ MnA M s o INST N A M B

(————— REACTION CONTROL SYSTEM ——————
——— s
8AT A BAT B e Y wsa wss

B8US A BUS B

REACTION CONTROL SYSTEM ~ CE PROPULSION
PROPELLANT JETTISON
bW

" GIMBAL (ONVIOtﬁ\
R —— OVERRIDE ENABLE —— ——— He SOV ——— PiTcH
svs A svs 8 svs A vs MAIN

X

—————————————— SERVICE PROPULSION $YSTEM ——————————————
£ GIMBAL CONTROL—
Yaw

r v SN oM ——

MAIN

EQUIP ~— R4 EQUIP BAY ——
« —hese— o 8US TIE
HEANT ' BATA PWR  BAT BPWR  BATC PWR  BAT CHGR MAIN A
si0s el buwe  dinov ENTR' POST LDG BATC AT BUS A

RH EQUIP BAY

ﬁY NO. |
MAIN 1

@

Figure 1-3.

®

— scs rower—— — e oo — M:,gggt —Acar rower—

@@ 0@ /@
/ @

PRIMARY.

INDICATOR FLOOD
T UGHT INTENSITY ™ FTUGHT INTENSITY ™)

O ©

SM-6T-2-02-199

Instructor-Operator Simulator Console (Sheet 7 of 14)

1-21



SM-6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

1-22

[BEE BEl BR BE]

xxxxxx

el FHIEII B[ BB

)

O =

i
571 ClMAAL ACTATORS ————— =

®
"
|::| Sil—
— -
- \QIU_J ié :z— wo | 2 .

SM-6T-2-02-200A

Figure 1-3. Instructor-Operator Simulator Console (Sheet 8 of 14)
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Figure 1-3. Instructor-Operator Simulator Console (Sheet 9 of 14)
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Table 1-2. Instructor-Operator Station - Controls and Displays
Panel Nomenclature Function

1 VISUAL SYSTEM STATUS Controls and displays (C&D) of visual
displays.

2 TRUE TRAINEE ENVIRONMENT C&D of suit pressure, temperature,
cabin temperature, aural simulation,
and smoke generation.

3 WASTE MANAGEMENT C&D of waste management system.

5 UP DATA LINK C&D of up-data.

6 LIGHTING CONTROLS Lighting controls.

9 IMU-CDU repeater IMU-CDU repeater and SCM flight
control repeater.

‘ 10 G&N computer status Indication of G&N alarms and faults.

11 SXT CONTROL Indication of SCM SXT control
operation.

12 Repeat of lower equipment bay (LEB)
optics control panel, lighting controls,
lamp check switch, and SCT shaft and
trunnion readouts.

13 CDU repeater Repeat of SCM CDU indications.

14 OPTICS Indication of operation of optics
controls in LEB.

15 MAP/DATA VIEWER & FILM Indication of map and data viewer

DRIVE (MDYV) control operation.

16 MARK ERROR Indication of optical axis angle error,

18 ORBITAL POSITION Latitude, longitude, and altitude
indicators.

19 NAVIGATION PARAMETERS Display of sidereal hour angle (SHA),
declination, SHA/longitude, declination/

‘ latitude, and LOS rotation.

. « continued
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Table 1-2. Instructor-Operator Station - Controls and Displays (Cont)
Panel Nomenclature Function

20 TEL/SEXTANT DISPLAY CRT display of optics positioning.

21 TRUE SPACECRAFT ATTITUDE True rate and position indications and
reference frame being used.

22 Fuel quantity display, timer, and mark
hold release.

23 Flood and indicator lighting controls.

24 Indication of attitude impulse and IMU
temperature control operation.

25 AGC Apollo guidance computer display and
keyboard (AGC DSKY) and three
register readouts.

26 CONSOLE COMMUNICATIONS Communications control (trainer).

PANEL

27 MALFUNCTION STATUS Display of malfunction, and indication
of malfunction status.

28 MIU (malfunction insertion unit) Keyboard (KYBD) to insert malfunction.

29 PERFORMANCE TIMER

30 Display of circuit breaker status.

31 Indication of position and operation of
SPS, and SCS controls.

32 Repeater indicators of floodlight
controls and SCM audio control panel.

33 Repeater indicators of EDS panel
controls.

34 Controls for IOS flood and indicator
lighting,

35 Central timing equipment.

36 Baro and digital altimeters.
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Table 1-2. Instructor-Operator Station - Controls and Displays (Cont)
Panel Nomenclature Function
38 SCM panel 5 repeater.
39 SCM panel 3 repeaters.
40 FDAI Indication of simulated S/C attitude and
rates.
41 SCM panel 5 lower repeaters.
42 SCM panel 6 repeaters.
43 SCM panel 9 repeaters.
44 SCM panel 7 repeaters.
45 Control of simulator computer complex-
performance timer.
46 CONSOLE COMMUNICATION Trainer communications.
‘ PANEL
47 SIMULATOR STATUS Indication of trainer status.
48 ECS VALVE POSITION Indication of ECS valve position.
INDICATORS
49 CAUTION/WARNING Repeater indicators of SCM panels
INDICATORS 10 and 11
50 ECS valve position indicators Repeater indicators of SCM ECS valve
positions.
51 SCM panel 12 repeater.
52 Repeat of SCM AGC up-data link
controls.
53 Reaction control system (RCS) selector
switch position indicator.
54 Repeater indicators of service
propulsion system (SPS) portion of
SCM panel 13.
. 55 Main display AGC DSKY repeater.
56 SCM panel 15 repeaters.

. . continued
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Table 1-2. Instructor-Operator Station - Controls and Displays (Cont)
Panel Nomenclature Function
57 Repeaters of SPS and C&D portions of

MIU

CONSOLE COMMUNICA TIONS

PANEL

AUDIO CONTROL CENTER

LIGHTING CONTROL

MALFUNCTION STATUS

MIU

PERFORMANCE TIMER

SCM panel 13.
SCM panel 16 repeaters.

AMS emergency stop control, flood and
indicator intensity controls.

Selection and insertion of malfunction.
SCM panel 19 repeaters.

SCM panel 18 repeaters.

Central timing equipment.

SCM panel 18 repeaters.

SCM panel 18 repeaters.

SCM panel 18 repeaters.

Repeaters of communications portion
of SCM panel 20.

Repeaters of SPS portion of panel 20.

Trainer communications.

Circuit breaker indications and status.
SCM panel 22 repeaters.

Repeater indicators of SCM panel 26.
Repeater indicators of SCM panel 21.

Flood and indicator light intensity
controls.

Indication and status of malfunction
SCM panel 22 repeaters.

Selection and insertion of malfunction.
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Table 1-2. Instructor-Operator Station— Control and Display Panels (Cont)

Panel Nomenclature Function
80 COMPUTER STATUS Indication of status of AMS computers.
81 Voice playback Jack plug and volume control for tape

recorder playback unit.
82 KRS stact recorder Voice recording equipment (trainer).

83 Electrical power connection for tape
recorder playback unit.

84 Lamp test.

85 Status indications of data recording
equipment (trainer).

86 COMMUNICA TIONS Voice communications interference.
INTERFERENCE
87 Panel lighting intensity controls.
I 88 CONSOLE COMMUNICATIONS Trainer communications.
PANEL

1=33
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1.3.1
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SIMULATOR SUPPLEMENTARY CONTROLS AND DISPLAYS.

Those IOS controls and displays that are other than spacecraft repeater
instruments can be generally identified in two groups.

1. Those controls and displays used by the instructor-operator to
operate the simulator and monitor the status of simulator systems.

2. Those displays, other than repeater instruments, that are used by
the instructor-operator to monitor crew performance.

The IOS panels containing such simulator controls and supplementary dis -
plays are identified in the following illustrations. Controls and indicators

located, thereon, are functionally described in the associated tables.

G&N Supplementary Displays.

The nature of flight crew operation of the simulated G&N system is such
that IOS repeater instruments do not provide sufficient visibility for effective
instructor -operator monitoring. For this reason, the G&N system repeater
instruments have been augmented with the following supplementary displays
(figure 1-4) functionally described in table 1-3.

Panel 16 The mark error panel provides indication of SCT positioning
error during a navigation sighting in the angular coordinates
of the landmark with respect to the telescope crosshairs.

Panel 18 The orbital position panel provides an indication of vehicle
longitude, latitude and altitude.

Panel 19 This panel displays navigational parameters. Three of the
displays provide celestial coordinates for the sextant's landmark
line-of-sight indicated in sidereal hour angle, declination, and
rotation angles. The other two displays are shared between the
SCT and SXT. In midcourse, the sextant's star LOS sidereal
hour angle and declination are indicated. In orbit, the inter -
section point coordinates of the telescope line-of-sight with
respect to earth or moon are indicated.

Panel 20 This panel is a 5-inch CRT display of SXT/SCT error signals.
Respective fields-of-view are manually controlled with respect

to a small circle as the landmark representation.

Panel 21 The true spacecraft attitude panel provides readouts of attitude
rate and position as reference to the indicated reference frame.

Navigation Evaluation Panel.

The controls and indicators on this panel relate to the fuel consumed during
a navigation sighting maneuver. The mark hold and release controls provide
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selection of manual or automatic operation of the performance evaluation param-
eters used during a navigation sighting. Control ofthe CRT display representation
is manipulated from this panel.

Functional description of the controls and indicators located on this panel
is tabulated in table 1-4 and depicted in figure 1-5.

1.3.1.3 Simulator Status Panel.

Status indicators are included on the IOS to enable a gross and rapid veri-
fication of correct operation and status of all significant AMS components and
subsystems. This status panel is illustrated in figure 1-6. The function of each
indicator is listed in table 1-5.

1.3.1.4 Simulator Control Panel.

The controls located on the simulator control panel, illustrated in
figure 1-7, permit the instructor to perform the following:

1. Start or stop the simulated mission at any point.
2. Reset, then restart, the simulated mission at specific points.
3. Run the simulated mission, or portions thereof, at other than

real-time rates.
4. Control the X-T recorder.

The functions of each control and indicator located on this panel are
described in table 1-6.

1.3.1.5 Lighting Controls.

The individual work stations for the IOS are provided with console lighting
controls. Console lighting fixtures are recessed in the hood areas overhead,
providing floodlighting through styrene diffuser panels. Six control panels, one
of which is illustrated in figure 1-8, are provided for variable control of flood-
lighting and panel lights. These are functionally described in table 1-7.

1.3.1. 6 Performance Timer.

Each of the three instructor stations is provided with a bidirectional time:
as illustrated in figure 1-9. These are intended for use by the instructors in
timing applications for training purposes. A functional description of the per-
formance timer is provided in table 1-8.

1.3.1.7 Computer Status Panel.

The computer status panel, illustrated in figure 1-10, provides the instruc-
tor with an indication of the status of the peripheral equipment associated with
the computer system. Table 1-9 lists a functional description of each indicator
on this panel.

1-35
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Recorder and Plotter Panel.

The instructor is provided with remote control of the X-Y and X-T plotters.
Figure 1-11 illustrates the panel which enables this control. In addition to the
pen recorders, controls are also included for the IOS audio tape recorder. This
instrument, independent of the S/C data storage equipment (DSE) allows con-
tinuous recording of a complete training exercise. Functional descriptions of the
controls and indicators on this panel are listed in table 1-10.

True Trainee Environment Panel.

This panel provides the instructor-operator with both monitor and control
capability for the environmental conditions for the suits at each of the four SCM
stations and the SCM cabin. Indicators and controls are for the actual environ-
ment and are completely independent of the simulated environmental control
system (ECS). Also included are instructor-operator controls for the simulator
smoke generator system and the aural simulation system.

The aural cue simulation system reproduces those characteristic sounds of
an Apollo mission that are external to communications and sounds normally heard
in the headsets. These sounds include:

Booster engines aerodynamic noise (frequency and amplitude)
Launch escape main engine (frequency and amplitude)

Entry aerodynamic noise (frequency and amplitude)

400 Cycle inverter noise

These sounds are produced in a speaker in the SCM as a function of event
and time under program control. A talkback indicator displaying noise level is
provided on the IOS. The instructor may override the program and manually
control the decibel level of noise withinthe SCM. Withthe exceptionof an ON-OFF
control, the instructor has no other inputs to the aural cue system. Figure 1-12
illustrates the controls and display, and table 1-11 provides a functional descrip-
tion of each control and display.

The smoke generator system contains a non-toxic liquid smoke, a heater
unit, and an auxiliary blower. Smoke is produced by heating the liquid smoke
and ducting it through the AMS environmental control system air conditioning
ducts. This function is under program control with instructor override to inhibit
smoke generation. Initiation of the smoke generator system can be accomplished
manually through the MIU in conjunction with specific malfunctions. Controls for
this system -are depictedin figure 1-12 and functionally described in table 1-11.

Visual Systems Status Display.

This panel provides operational status and malfunction detection data on the
visual systems to the instructor-operator. The panel is illustrated in figure 1-13
and each indicator is functionally described in table 1-12.
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Up-Data Line Panel.

The purpose of the up-data link panel is three-fold. During nonintegrated
operation of the AMS, the instructor is provided a means of insertingup-telemetry
information through this panel. The instructor can obtain the up-telemetry infor-
mation by querying the simulated on-board computer for this data. As a result,
the computer reads out the data to be used on the typewriter. In addition, the
instructor must also use the up-data link keyboard to inform the on-board com-
puter as to the identity of the star or landmark that the trainee is currently using
for navigation purposes. This function also is implemented in the integrated
mode in such a manner as to avoid confliction with trajectory link up-data signals.
During the integrated mode, the panel provides the capability to introduce up-data
signal faults or inhibit up-telemetry signals. The identity and function of each
control and display on the up-data link panel is provided in figure 1-14 and
table 1-13.

Voice Communications Interference Panel.

The controls located on this panel enable the instructor to insert noise and
garble effects into voice transmission by manual control. This effect is limited
to one direction only, ground-to-spacecraft. This effect enables the simulation
of space communication conditions, distance, antenna position, and spacecraft
orientation. The controls are identified in figure 1-15 and the function of each
control is described in table 1-14.

Console Communications System.

The console communications system (CCS) provides the IO with a variety
of voice communication services interconnecting the AMS instructor station with
parallel and support organizations in the simulation complex. The CCS consists
of a number of independent loops and stations functionally strapped together such
that they compose a network for each simulator. The entire CCS is not discussed
here except in relation to the AMS operation. The communications circuits for
the AMS consist of various talk-listen loops that enable the instructors to inter -
face with major subsystem personnel and intraface with related simulators and
training units during integrated operations.

The CCS for the AMS consists of six key-set and six trainer communica-
tion control stations. Two each of these stations are located at the telemetry
console and the remaining four each are mounted at the I0S. Figure 1-16depicts
the key-set stations and their related locations. FEach key (switch) provides the
IO with a talk-listen capability over the associated loop. The function of each
key is tabulated in table 1-15. The trainer communication control stations,
illustrated in figure 1-17, provide loop selection for switching, volume controls,
and headset jacks. The function of each of the controls depicted in the figure
are listed in table 1-16,

Malfunction Insertion Unit.

The malfunction insertion unit (MIU) provides control over and monitoring
of simulated spacecraft malfunctions. The MIU consists of control and display
panels, located on the IOS and T/M console, and the associated electronic
logic circuitry.
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The unit provides the instructor with the capability to perform the following
functions:

1. Enter or clear simulated malfunctions in the computer program.
Display the status of any selected simulated malfunction.
3. Erase any selected simulated malfunction or clear all active

malfunctions from the program.

For purposes of discussion, the MIUis dividedintoits three major portions:
control panels, display panels, and logic circuitry.

MIU Control Panel.

Three control panels, one at each instructor station, are located on the
IOS. These panels permit the instructor to initiate instructions regarding simu-
lated malfunctions to the computer via the logic circuitry. Simulated malfunctions
are coded alphanumerically. The system designation appears as the lettered
portion of the code with eleven systems so identified. This coding identifies the
800 simulated malfunctions presently under consideration plus an expansion
capability of up to 1500 computer-stored simulated malfunctions. Figure 1-18
illustrates the MIU control panel. The functions of the controls are described in
table 1-17.

MIU Display Panel.

This panel displays information pertaining to simulated malfunction selec-
tion and status. Three panels are provided; one on the T/M console, and the
other two are located in the right and left-hand pie sections of the IOS. From
these panels, the instructors can determine the status of any simulated mal-
function in the computer program or that he has manually entered. Panel
arrangement is shown in figure 1-19 and the functions of the indicators are
provided in table 1-18.

Time Displays.

There are two 'time display panels located on the IOS, as shown in
figure 1-20. Each display contains two digital readouts whose functions are
described in table 1-19. These displays are not repeaters of on-board timers.
They function to aid the instructor in various applications to the training problem.

In addition to the timers mentioned above, there is a digital time code
translator, supplied as GFE, located on top of the central IOS console. This unit
is the interface between the AMS Central Timing Equipment and the IMCC/SCATS
equipment. In addition to providing a visible readout of real GMT time, that is
coordinated within the FCSD simulation complex, it also provides the 1 KC, 1 pps,
andthe 1 ppm timing signals derived from WWYV for the AMS. The Time Code
Translator is illustrated in figure 1-21 and each control and display is functionally
described in table 1-20.
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1.3.1.16 Closed Circuit Television System.

The closed circuit television (CCTV) is a black and white TV system con-
sisting of three GPL model 800 cameras, three monitors, andthe interconnection
between cameras and monitors. The cameras are fixed in the SCM with no zoom
capabilities. Each TV camera uses a vidicon tube and operates down to a light
level of one foot-candle at the lens. The location of the cameras is illustratedin
figure 1-22. Camera 2 is located behind the left shoulder of the trainee in the
commander's station. Camera 1 is located near the left foot of this station.
Camera 3 is located behind the right shoulder of the trainee in the right couch.
Cameras 2 and 3 cover the main display panel, overlapping in the center, and
also provide a front view of the G&N lower equipment bay. Camera 1 provides a
view of the three trainees in the interior of the SCM.

The three monitors are mounted above the respective flight crew stations
at the IOS. Each monitor has controls which are not part of the IOS. Their
location is similar functionally to those of any commercial set. The camera con-
trols are located beneath each monitor atop the I0S. These controls are
illustrated in figure 1-23, and functionally described in table 1-21.

1-39
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1.3.2

1.3.2,1

1.3.2.2

1-40

SYSTEM DISPLAYS,

The following paragraphs describe SCM simulated spacecraft system
controls and displays and their IOS repeater indicator counterparts. There
is a one-to-one relationship between those system controls and displays used
by the flight crew and the IOS system displays. Instructor data on system dis-
plays in this handbook has been organized by SCM panels. Figures 1-24
through 1-57 and descriptive tables 1-22 through 1-52 are provided to define
both SCM and IOS system controls and displays and the manner in which SCM
data is manifested to the instructor-operator.

Main Display Panel.

The main display panel located in the SCM (figure 1-24) is a replica of
the actual S/C main display console. In appearance, function, and operation,
the controls and displays on this panel duplicate those of the spacecraft.
These controls and displays provide inputs to the computer programs, which
enable simulated operation of the S/C systems. The computer programs out-
put signals to maintain proper indication of displays associated with system
operation on the main display panel.

IOS System Displays.

The one-to-one relationship between SCM controls and displays and IOS
system displays is provided, in most instances, through computer program
control. SCM system control inputs to the program inform the computer to
activate repeater indicators or instruments on the IOS for instructor moni-
toring. In some cases, there is a direct input to the IOS repeater indicators
from the SCM switches that bypass the computer. However, the computer
program always controls the positioning of the IOS repeater displays associated
with SCM system operation.

A functional description of the controls and displays related to simulated
systems operation is provided in the tables. The description is that of the
SCM display panels which illustrate the relationship to IOS display panels and
define instructor visibility at the IOS, Whenever a control or display is evident
on a SCM panel and not on the related IOS panel, this is indicated by the
control or display number being circled with reversed coloring. Wherever
the control or display is located on the IOS panel and not on the related SCM
panel, a square containing a reversed colored number is used.
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TELEMETRY CONSOLE,

The telemetry console depicted in figure 1-58 contains data word displays
for analog, bilevel and GMT digital words. Other parallel digital words are
displayed bit-by-bit on the bilevel display. The console contains displays of
the actual PCM encoder status; repeater light displays of the SCM C&D and
the MIU, which are driven in parallel with identical displays on the I0OS; and
two time displays. In addition, the T/M console includes provisions to fault
individual data words (analog, bilevel, or digital words within the format). A
functional description of the control panels on the T/M console is included in
the following paragraphs.

MONITOR CONTROL.,

The controls and displays on these panels allow the instructor-operator
to monitor any of the computer or periphery equipment data inputs to the PCM
encoder unit on each of the meters. However, only 20 analog channels can
be monitored at any one time. It also allows monitoring of a selected faulted
channel. The panels are illustrated in figures 1-59 and 1-60 and the controls
are functionally tabulated in tables 1-53 and 1-54.

FAULT CONTROLS.

Fault controls are provided for the introduction of faults into the data
lines between the AMS computer and the PCM units. Each fault control panel
includes monitor lights and selection controls. A functional description of
those controls located on the fault panels is listed in table 1-55.

Twenty analog fault controls (figure 1-61) are provided on the panel.
Each is capable of introducing the following:

1. Drift at a controlled rate

2. Offset of a preset amount

3. Fixed level substitution to a present level

4. Channel loss.

Sixteen bilevel fault controls are provided on the digital fault control
panel (figure 1-62). These controls functionally described in table 1-56 are
used to introduce bit failure into the parallel word signal lines. In addition,

six digital word fault controls are provided to simultaneously fail all bits of
the word.

TIME DISPLAY.

Two time displays are provided on the telemetry console. The time
displays are repeater displays of the previously described time displays
located on the IOS., These displays are illustrated in figure 1-63 and
functionally described in table 1-57.

1-41
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COMMUNICATIONS CONTROL,

The two panels depicted in figure 1-64 are duplicates of IOS panels 62
and 68 and are repeaters of these same SCM main display panels. They
provide the telemetry console operator with an indication of the operational
configuration employed for C&D by the flight crew (including antenna
position). The console communications panels located on the T/M console
are depicted and explained in this section as trainer supplementary displays
and controls, paragraph 1.3.1.13, figure 1-16. Table 1-58 provides a
description of these panels.

TELEMETRY STATUS.

This panel provides an indication as to the condition of the PCM units.
In addition, lighting controls for the console are located here as well as control
of television picture transmission to IMCC. Figure 1-65 illustrates this panel
as well as one other. However, the other panel is a repeater of an IOS panel
and need not be discussed again (figure 1-19). Table 1-59 provides a
functional description of the controls and displays located on this panel.
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RECORDING EQUIPMENT.

X-T RECORDER.

These paragraphs describe and illustrate the major component controls
incorporated into the Brush Mark 200 recording system, which is employed
for the X-T recorder. The Brush recorder is an eight-channel recording
system which incorporates an oscillograph installed horizontally in a drawer
in the unit pedestal. Attenuator and recorder functions (including the remote-
operate) are actuated by pushbutton controls. Rectilinear pen motion produces
records on rectangular coordinate charts graduated in 50 divisions. Recorder
pens utilize pressurized fluid. The oscillograph has 12 selectable chart
speeds. The complete system, illustrated in figure 1-66, is contained in a
54-inch high console with a sloped front control panel and castered base.
There are three such recorders included with each AMS.

The attenuator and control panel (figure 1-67) is an input signal device
located on the top front of the console. It contains external function switches
to enable remote operation of the system. The functional description of the
controls on this panel are listed in table 1-60.

The oscillograph contains pens, penmotor, chart paper and the writing
table. The oscillograph is mounted at desk level and displays up to 11 inches
of chart on a flat writing surface. The oscillograph controls are illustrated in
figure 1-68 and are functionally described in table 1-61.

The level light panel is located directly above the oscillograph on the
front of the unit (figure 1-66). The panel components are illustrated in
figure 1-69 and functionally described in table 1-62.

The control functions for the Brush recorder should be thoroughly under-
stood before operation. For additional information, refer to vendor documents
on the instrument.

X-Y PLOTTERS.

Two plotter models, 205T and 1110E, are supplied by Electronic
Associates, Inc to be used with the AMS. They are located at the extreme
left end of the IOS where they are readily accessible by the instructor/operator
for adjustment or observation. Each plotter is mounted in a standard vertical
rack with vertical plotting surfaces and dual pens for versatility. The plotting
surface for the 205T, illustrated in figure 1-70, is 30 x 30 inches. The
controls and displays for this unit are functionally described in table 1-63.
The plotting surface for the 1110E model, illustrated in figure 1-71, is
11 x 17 inches. The controls and displays for this unit are functionally
described in table 1-64. The control functions for these units should be
thoroughly understood before operation. For additional information, refer
to the vendor documents on these instruments.
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AUDIO TAPE RECORDER.,

The tape recorder is an unmodified four-channel KRS data-stact DR-2
unit. It will record the earphone output, including side-tone, of each
astronaut on a separate channel. The fourth channel may be used to record
the instructor conference loop. Playbackofthetapes will be accomplished on
a portable playback unit stored in the IOS area. Being portable, the playback
and astronaut performance evaluation may be accomplished in other areas as
long as 115-volt 60-cps power is available. This allows simultaneous record-
ing of one training session, while the tape from a preceding session is being
evaluated.

The stacked tape automatic cartridge transport (STACT) recorder
system (figure 1-72) contains six magnetic tape cartridges of 1200-foot 1-mil
mylar tapes. Each tape provides 2. 2 hours continuous recording time or
much more when using the VOX circuitry. Tape cartridges are changed
automatically so that when cartridge one becomes fully recorded, cartridge
two begins recording. This cycle continues through tape five, at which time
a last cartridge indication is provided prior to taping cartridge six. Sequencing
of cartridge taping results in at least 13 hours recording time (continuous
record), without destroying previously recorded information. As the cartridges
are manually replaced after they are recorded, unlimited recording time
becomes available. When the record command is given by VOX or continuous
record command, the capstan will read full speed of 1-7/8 inches per second
in 40 milliseconds. IOS controls are provided for all voice recorder functions.
These controls are described in table 1-65. The playback unit is stored under
the IOS console containing the recorder. Electrical connections for the
playback unit are provided adjacent to the recorder. (See figure 1-72.)
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SIMULATED COMMAND MODULE (SCM).

The SCM consists of two major equipment items: the command module
itself and the vertical insertion mechanism. The interior of the SCM is a
replica of the Apollo command module. Equipment arrangement, controls and
displays, crew couches, and other characteristics of the crew compartment
are authentically duplicated for purposes of providing the flight crew with an
apparent actual spacecraft environment.

The cockpit area of the SCM contains the crew couches, main control
panel, lower equipment bay, waste management system, and utility equipment
storage facilities identical to those of the actual spacecraft. The crew couches
in the left and right hand stations are permanently installed. The center couch
is removable but the removed couch cannot be stowed and must be removed
from the SCM when not in use.

The Lower Equipment Bay is configured to resemble AFRM-011 with
certain exceptions. The photometer components installed on the G&N control
panel are not functional. The rate gyro package and attitude gyro accelerom-
eter package are also dummied. Blank panels cover the following equipments:

Inverters

Batteries

PLSS Battery Charger
Junction Box

These items are, however, hidden by the CO; absorber boxes and are not
seen. Also covered by blank panels are the scientific and flight qualification
equipment, the radiation detection equipment, and two food storage compart-
ments. In addition to the above, the following list of items will duplicate S/C
counterparts in appearance but will not be functional:

AGAP ECA

YAW ECA

PITCH ECA

ROLL ECA

AUXILIARY ECA

POWER SERVO ASSEMBLIES
AGC (excluding DSKY)

The IFTS connectors in the LEB are located on the panels, but there are
no connections to them and the IFTS umbilical is missing as well. The PCM
units and the DSE located in the LEB are actual S/C components, completely
operational.

The Aft Equipment Bay is configured basically to AFRM-011 except that

the PLSS packs are not supplied and that the electronic spares storage boxes
will be supplied. The spares, however, are dummied.
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The Left Hand Equipment Bay has some dummied plumbing displaced
with respect to the actual S/C position to accommodate the CCTV cameras.
Otherwise, the bay appearance conforms to AFRM-011. The following S/C
system components in this bay are dummied:

e Cabin Vent Control
e Surge Tank
e Cabin Pressure Release Valve

The Right Hand Equipment Bay conforms to AFRM-011. However, the IFTS
panel will be blank.

The outer configuration of the SCM is entirely functional within the
simulator configuration and does not, and is not, intended to approximate
that of the Apollo spacecraft. This is illustrated in figure 1-73.

Egress from and ingress to the SCM will be through the normal entry
hatch or through the tunnel hatch at the apex of the SCM. The hatch door is
accordian pleated to provide a larger entrance when opened. When it is
closed, the hatch area resembles S/C appearance on the interior. Appropriate
access platforms and personnel ladders are provided on the exterior structure
of the SCM. The tunnel hatch connects to a catwalk above the SCM with a
helical stairway providing access to the ground level. An expanding stairway
enables personnel to reach the main hatch when the SCM is locked in the
operating position.

The simulated command module and the vertical insertion mechanism
are mounted on a V rail trolley to allow them to be moved away from the
Visual Systems. This enables maintenance of the SCM and Visual Systems.
The only connections to the moving unit are the electrical cables and the
flexible compressed air line for the oxygen pressure suit system. The cables
and the flex air line are supported through an overhead boom that pivots as
the SCM withdraws horizontally. The cables simply flex during vertical
motions. The boom structure is physically connected to the SCM.

The SCM also has a vertical insertion unit illustrated in figure 1-74
capable of motion up to 27 inches. This vertical motion must be completed
prior to starting any simulator horizontal motion, i.e., horizontal motion is
locked out until vertical retraction is completed. The horizontal motion
consists of approximately 12 feet with all power cables connected. Unlimited
motion of the SCM on its casters is possible when connecting cables are
removed. The SCM motions are electrically powered: horizontally, through
its two forward wheels and clutch mechanism; vertically, through four
interconnected lead screw jacks. With no power available, horizontal and
vertical motions are possible by means of the hand cranks located on the
control panel on the right side of the SCM base. The crank mechanism is also
interlocked to assure that no horizontal motion is possible when vertical
motion is either incomplete or in progress.
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Beneath the base of the SCM are the components of the Waste Manage-
ment System and the simulated Environmental Control System. This includes
the air conditioning equipment, smoke generator, potable water tank, and
waste material storage.

The AMS Waste Management System interfaces with the controls and
equipment of the spacecraft waste management system located within the
Simulated Command Module. This system for AMS #1 (Houston facility)
contains a functional vacuum cleaner, urinal and fecal canister and their
associated controls.

For AMS #2, (Kennedy Facility) these will be dummied units. The
storage filter and disposable containers for the functional units are components
of the simulator Waste Management System that are external to the SCM
(i.e., suspended beneath it). The entire system is provided by General
American Transportation Company. The controls for the system are those
normally used in the operation of the spacecraft system and are included under
that heading, figure 1-50 depicts these controls which are functionally
described in table 1-46.
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COMPUTER COMPLEX.

The AMS computer complex is comprised of three groups of equipment.
These are the computer system, the peripheral equipment used to operate and
monitor the computers, and the data conversion equipment used to link the
computers with the simulated command module, the visual systems, the
Instructor-Operator Station, and other parts of the AMS, (See figure 1-75.)

COMPUTER SYSTEM.

The computer system of the AMS is used to simulate the spacecraft
systems, compute and display spacecraft dynamics, control and position visual
displays and recorders, and to receive and respond to signals transmitted
from the Command Module, Instructor-Operator Station, and other units of
the AMS., The computer system also executes predetermined sequence of
events, drive displays and indicators through data conversion units, and
inserts and responds to malfunctions injected from the AMS. These functions
are executed under control of computer programs stored in the computer
memory.

The computer system consists of two models of the DDP-24 and one
model of the DDP-224 general purpose digital computers supplied by
Computer Control Corporation. (See figures 1-76 and 1-77.) As illustrated
in the block diagram in figures 1-78 and 1-79 both computers are very
similar in design and operation with the major difference being in the operating
speed. The DDP-224 operates approximately 2-1/2 times faster than the
DDP-24.

Basically, each computer is composed of four functional units: the
memory unit, the input/output unit, the control unit, and the arithmetic unit.
Figure 1-80 shows the basic arrangement with the data flow and control signal
distribution.

Memory Unit.

For a digital computer to perform computations, all the data pertinent
to the problem and the method of solution (instructions) must be stored in the
computer before the actual solution is attempted by the computer. Similarly,
as with spacecraft simulation, all the information relative to the spacecraft
and the sequence of events must also be stored in the computer before starting
a training mission. This information is in the form of two types of digital
words, a data word and an instruction word. A series of instruction words
make up a computer program. The memory unit is the device in which these
words are stored.

A magnetic core unit is the basic memory of the two computer types.
Each magnetic core unit is capable of storing 4096 24-bit words. In the AMS
each DDP-24 computer has been expanded to eight units totaling 32, 768 word
locations, whereas the DDP-224 memory capacity has been enlarged to store
40,960 24-bit words.
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A memory address register (MAR) and a memory information register
(MIR) are considered part of each memory. The MAR locates the word that
is to be put into or taken out of memory; the MIR furnishes temporary storage
while the words are being transferred into or out of memory.

Input/ Output Unit.

As described in the previous paragraph the computer program and data
must be stored in memory before the execution of a program. A function of
the input unit is to provide the means of inserting the program into memory
from peripheral devices, such as the typewriter, magnetic tape units, etc.
The output unit is used to connect output devices, such as the card or tape
punches and magnetic tape units, to the computer in order to record data on
tapes or cards. The transfer of information between the data conversion units
and computer is also made possible through the input/output unit.

Included as part of the input/output unit of each computer are the
parallel input/output channels, input/output character channels, sense lines
and interrupt control, and command signal generation. Each computer in the
AMS has also been equipped with fully-buffered channels (FBC) and direct
memory access (DMA) channels.

Parallel Input/Output Channels.

The parallel input/output channels are gating devices used in conjunction
with the FBCs and DMAs to transfer data between the memory and the
peripheral equipment and data conversion equipment.

Input/ Output Character Channel.

The input/output character channel is a gating device used to connect the
computers with the typewriter, paper tape reader, and paper tape punch.

Sense Lines and Interrupt Control.

The interrupt control and sense lines are used to detect conditions within
or external to the computers which require alterations to the computer
programs.

Command Signal Generation.

The input-output unit also generates command signals (OCP commands)
which are used to control external equipment, such as typewriter and paper
tape punch, as well as for use by internal sources.

Fully-Buffered Channel.

A fully-buffered channel (FBC) is a unit containing a data register and a
control section that once it is set up from an external source can transfer data
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directly to or from memory independent of the main frame of the computer.

In the AMS each computer is equipped with an FBC which is used to transfer
data between the data conversion units and the computers. The FBCs are also
used for intercomputer data transfer.

The transfer of data between these sources takes place without interfer-
ence to the computer program. In situations where the FBC and the computer
program address the same memory location at the same time, the FBC will
take priority.

Direct Memory Access Channel.

The direct memory access (DMA) channel is similar to the FBC in design
and operation. It is used to transfer data between the peripheral equipment
(magnetic tape units, cardreader and punch, tape reader and punch, line printer,
typewriter) and the computer. Each DDP-24 is equipped with four DMA's,
the DDP-224 contains one.

Control Unit.

As explained previously, a computer program consists of a series of
instructions words which are stored in memory. A function of the control
unit is to 'fetch'' each instruction word in sequence from memory, translate
the word, and issue commands to other parts of the computer that will execute
the task defined by the instruction word. The execution of the instruction word
depends on timing pulses which are generated in the control unit. The control
unit is also capable of modifying an instruction before it is executed.

In the AMS computer system, the control unit of each computer contains
an operation-code register (OP-code), an operation code matrix (OCM),
program register (P-register), index registers, shift registers (S-registers),
control unit clock, and clock matrix. The function of the operation-code
register is to store that portion of the instruction word that defines the task
to be performed. Also index bits and indirect addressing bits are stored in
the register. The operation code matrix is the gating network that decodes
the contents of the operation code register and produces control signals to
execute the task to be performed.

The program register stores the memory location of the next instruction
to be performed. Each time a new instruction word is taken from memory the
register is incremented by one. The index registers are used when it is
desired to modify an address of the instruction word. The shift registers are
used when the position of a word is shifted within the A-register or between
the A and B register. The control unit clock is the generator of the timing
pulses necessary to execute the instruction. The clock matrix gates the timing
pulses from the control clock with the output of the operation code matrix to
provide the proper timing sequence to execute an instruction.
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Arithmetic Unit.

The function of the arithmetic unit is to perform the computations when
commanded by the instruction word. Registers and adders are the devices
used to perform the arithmetic functions. Registers are temporary storage
devices used to hold data received from memory while it is being processed,
and to hold the results of the computation before its transfer to other parts of
the computer. The registers also work in conjunction with the adder to perform
the arithmetic functions. The adder is the actual counting device.

The arithmetic unit of each computer contains three registers: A, B,
and Z, and an adder. A high-speed adder is additional to the DDP-224. The
A-register is the main register; the B is the auxiliary register. The Z register
acts as the link between the memory and the other parts of the arithmetic unit
by receiving each word from memory before it is processed.

Word Format.

As mentioned in previous paragraphs, two types of digital words are used
in the computer program, the instruction word and the data word. Both are
binary words containing 24 bits. Figure 1-81 illustrates the format of the
instruction and data word. The instruction word consists of an operation code,
an address, index bits, and the indirect addressing bit. The operation code
is a two-digit binary number which specifies what command is to be executed.
The address is a binary number which specifies the memory address of the
data that is to be used in the operation. The index bits specify that an index
register will be used with the operation. The indirect addressing bit indicates
that an indirect address will be used.

The data word is represented by a 23-bit binary number plus a sign bit.
The sign bit will indicate the polarity of the number, a one (1) indicates a
negative, a zero (f) indicates a positive number. The remaining 23 bits will
indicate the magnitude of the number.

Computer Controls.

Figures 1-82 and 1-83 illustrate the control panel configuration for the
DDP-24 and DDP-224 computers. A functional description of the controls and
displays for each panel are described in Table 1-66 and 1-67.

PERIPHERAL EQUIPMENT,

The following list is the peripheral equipment used with the DDP-24 and
DDP-224 computers.

Item Quantity

Magnetic tape unit
Printer

Card reader

Card punch

— = N
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Item Quantity
Paper Tape Reader 1 per computer
Paper Tape Punch 1 per computer
Typerwriter 1 per computer

The devices listed are all input/output devices used for inserting or reading
out computer data. Figure 1-84 illustrates the peripheral equipment and its
interface with the AMS computer system.

Magnetic Tape Unit (MTU).

The magnetic tape units used in the AMS are Model M3000 supplied by
Midwestern. (See figure 1-85.) The units will record or play back digital
information at a rate of 200 or 556 bits per inch at a tape speed of 75 inches
per second. The units will be primarily used to load the computer memories
with operational and diagnostic programs.

As illustrated in figure 1-84, each MTU is connected to the computer
system through MTU interface logic, a word-forming buffer, and a data and
control switch. The data and control switch gives control of an MTU to either
computer upon interrogation of the status of the switch. The word-forming
buffer converts the incoming or outgoing word into a compatible form for use
by the computer or the MTU, The interface logic controls the mode of MTU
operation, transmit or record, determined by program control.

All manual controls are located on a single, central panel on the front
center of the cabinet shown in figure 1-86. The functions of the controls are

listed in table 1-68.

Line Printer.

The line printer provides a permanent record of printed copy of desired
computer system outputs. The model used with the AMS is the model
DP/P3300 supplied by Data Products Corporation. Figure 1-87 shows the
printer contained in a single console housing two major components: the
printer chassis and the electronics gate assembly.

The printer prints out 120 characters per line at 300 lines per minute.
The drum and hammer technique is utilized. Sixty-one characters are
contained in the drum. A continuous moving ribbon of paper is passed between
the drum and hammer bank. The hammer provides the print impact upon
coded input signals to provide a readout.

As shown in figure 1-84, the line printer interfaces with the line printer
buffer. The buffer converts the words received from the DMA into a proper
form for use by the line printer.

The control panel for the line printer is located on the front of the
printer chassis. These controls, used for normal operation of the printer,
are illustrated in figure 1-88 and functionally listed in table 1-69.
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Card Reader.

The card reader serves to input information into the computer program
and/or memory. Data is prepared in Hollerith punched cards for insertion
into the computer system via the card reader. The reader used with the AMS
is the Burroughs, Model B122 (figure 1-89).

A general operational description is as follows. The card reader feeds
standard punched cards from the hopper, through the read station into the
stacker at a rate of 200 cards per minute. The feed mechanism can be
operated either locally or from a remote station. Figure 1-84 shows the
interface between the card reader and computer.

The operator's panel is illustrated in figure 1-90 and the function of
controls are listed in table 1-70. All switches with the exception of VALIDITY
ON switch are momentary make switches. For the one exception, one
depression of the switch initiates the ON condition; the second depression is
the OFF condition.

Card Punch.

In addition to manual key punches, a card punch is supplied as
peripheral equipment to assist in program preparation. The Model B303
card punch illustrated in figure 1-91 is supplied by Burroughs. The card
punch has the capability to process 100 cards per minute. The card punch
operation is divided into four cycles: card feed, card punch, checking, and
stacking. The card punch interface (figure 1-84) receives, stores, and
processes the data from the DMA for use by the card punch.

The card punch control panel is located on the front of the unit as shown
by figure 1-91. The panel controls, illustrated in figure 1-92, are functionally
listed in table 1-71.

Paper Tape Reader.

Included with each computer is the Digitronic, Model 2500 paper tape
reader. The reader is an unidirectional perforated tape reader using standard
or mylar tape. The unit reads eight data channels plus a sprocket hole. The
tape reader, illustrated in figure 1-93, has two modes of operation: continuous
or pulsed. In the continuous mode, the units read at a rate of 300 characters
per second. In the pulsed mode, the unit stops after reading each character.
The interface logic (figure 1-84) between the tape reader and the character
channel converts the character pulses into a form compatible for use by the
computer.

The paper tape reader may be loaded without removing power to the

unit by placing the READY-LOAD switch (figure 1-93) to the LOAD position.
The READY position of this switch enables the normal operation of the unit.
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Paper Tape Punch.

A self-contained, high speed paper tape perforator manufactured by
Tally is supplied with each computer. The punch is an asynchronous unit
capable of punching eight-channel paper recording tape at a rate up to 60
characters per second. Data from the computer is transmitted to the paper
tape punch via the input/output character channel and the tape punch interface.
The interface converts the data into octal-coded character pulses compatible
for use by the tape punch. The unit is illustrated in figure 1-94 and the
interface with the computer is shown in figure 1-84.

Typewriter.

An IBM Series 73 Selectric Typewriter is supplied with each computer.
The typewriter is a 15 character-per-second revolving ball machine that
utilizes a type head and keyboard arrangement intended for use with each
computer. The carriage of the typewriter is 15 inches with a 13 inch writing
line. The type ribbon and spool are contained in a snap-in carriage to allow
easy replacement.

The typewriter contains machine functions, i.e., top, space, upper
case, backspace, etc., and coded characters similar to a standard typewriter.
Communication with the computer utilizes the binary-coded-decimal form.

The typewriter is connected to the computer via the typewriter interface logic
and input/output character channel. (Figure 1-84.) The typewriter interface
logic converts the characters into a form compatible for use by the computer
and functions in reverse for data being transmitted to the typewriter. Opera-
tion of the typewriter is controlled and monitored by OCP commands and sense
lines. Interlock controls are provided to inhibit typewriter use except when
selected. Figure 1-95 illustrates the Selectric typewriter and table 1-72
presents a listing of keyboard functions.

To assist the instructor/operator, the typewriter is capable of per-
forming the following functions:

e During the freeze mode, change the variable being recorded on the
X-T or X-Y recorders.

e During the freeze mode, interrogate and print out contents of any
memory location.

e Notification that an error has been found.

e Insert the date and time of day into the computer to enable identification
of all recorded outputs.

e Print out of special messages, e.g., notifying instructor that MTU
requires new tape reel.
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The purpose of the data conversion equipment is to accept and convert
signals transferred between the AMS and the computers into a form compatible
for use by each area. Input signals from the AMS are in one of three forms,
analog, digital bits, and digital words. Outputs from the computers are in
word-serial, 24-bit parallel words. Figure 1-96 illustrates the signal flow
between the major components of the AMS and the DCE in terms of spacecraft
functions.

The data conversion equipment has been divided into two categories,
internal and external. The external DCE, in contrast to the internal, is
defined as those units which are located electrically on the same side of the
Interface Patch Panel as the command module, instructor/operator station,
visual system, etc., and are driven by or driven into portions of the DCE
located electrically on the computer side of the Interface Patch Panel. (See
figure 1-97.)

The internal DCE consists of:

Digital-to-analog converters
Digital-to-analog converters (fast)
Analog-to-digital converters

Digital bit input

Digital bit input (memory)
-Digital word input

Digital bit output

Digital word output (direct)

9. Digital word output (relay)
10. Guidance and navigation word buffer
11. Computer-to-computer buffer
12, Stabilization and control system hand controller input system
13. DCE control unit

0~ o0~ 0l b WY+

The external DCE consists of:

Malfunction insertion unit
Central time equipment
Integrated up-data link
Digital-to-resolver converter
Analog-to-resolver converter

O W v~

Figure 1-97 illustrates the flow of information from the digital computers
via the control unit and to and from the individual conversion devices.
Transfer of information between the computers and the control unit takes
place via the fully-buffered channel of each computer. Transfer of data is
under control of the real time input/output program, which is initiated 20
times per second.
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DCE Control Unit.

The DCE control unit acts as the switching center between the DCE and
the computers. The control unit responds to requests from the different
computers to communicate with specific devices and makes the connection
when the particular device is free to communicate.

Digital-to-Analog Converter.

The purpose of the digital-to-analog converter is to convert to analog
signals, the 24-bit data words received from the computer. The digital-to-
analog (fast) converters are used in situations where the analog values must
follow changes in the digital word within a few microseconds, such as FDAI
rate and error indicators.

Analog-to-Digital Converter.

The purpose of the analog-to-digital (A/D) converter is to convert
analog signals into 12-bit digital words to be transmitted to the digital com-
puters via the DCE control unit.

Digital Bit Input.

The function of the Digital Bit Input (DBI) is to receive the digital bit
inputs from switches or circuit breakers of the AMS, place the bit in the
least significant bit position of the 24-bit word, and then transmit the word
to the computer.

The Digit Bit Input (memory) (DBIM) performs the same function as the
DBI except the inputs to the DBIM are from momentary switches whose
activation may be less than 50-millisecond iteration rate of the computer.
Flip-flop storage is the memory device used to record the depression of the
momentary switches.

Digital Word Input.

The function of the Digital Word Input (DWI) is to transfer to the
computers 24-bit words originating at the AMS. Examples of AMS functions
that originate as DWIs are inputs from the CDUs, MIUs, Attitude Set
Controls, etc.

Digital Bit Output.

The purpose of the Digital Bit Output (DBO) is to receive a single bit
transmitted from the computer as the least significant bit of a 24-bit word,
store the bit in a one-bit register, and then direct the output of the register
to a relay driver. The 'contacts of the relay are used to control simulator
functions, such as flag indicators, indicator lamps, and other devices
requiring a discrete signal.
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Digital Word Output (Direct).

The Digital Word Output (DWOD) receives and stores 24-bit words
received from the computer via the control unit. The words are then trans-
ferred to the simulator to drive items such as CDUs, telescope and sextant.
The Digital Word Output (Relay) performs the same function as the DWOD
except the inputs to the simulator are held by relay action.

Guidance and Navigation Word Buffer.

The purpose of the Guidance and Navigation Word Buffer is to receive
parallel data words representing the output of the simulated G&N computer,
convert the words into serial form, and transmit the words to the PCM
telemetry equipment. Parallel data words are received as 17-bit words at a
rate of 100 words per second. These words are converted in serial form and
are sent to the PCM telemetry as 40-bit words. Hand switches on the
telemetry console can introduce failures of any of the 40 bits.

Computer-to-Computer Buffer.

The Computer-to-Computer Buffer is used to transmit trajectory data
between the AMS and the GSSC complex. The buffer is essentially a serial-
to-parallel and parallel-to-serial converter which uses a magnetic core
memory and shift register to accomplish the conversion. The information to
be exchanged is in parallel form in the computers but is transmitted in a
serial form.

SCS Hand Controller Input System.

The purpose of the SCS Hand Controller Input System is to receive,
store, and transmit to the DDP-224 computer inputs received from the
rotation, translation, and minimum impulse controls. In some cases, the
duration of these inputs is timed in one-millisecond intervals. Another
function of the SCS input system is to store any failure indications transmitted
to the SCS system from the computer and to restore the system to normal.
after completion of data transfer.

Malfunction Insertion Unit.

The purpose of the Malfunction Insertion Unit (MIU) is to provide the
means for initiating and monitoring simulated malfunctions. The MIU is
used to perform the following functions:

Enter any malfunctions into the computer program
Interrogate the status of any active malfunction

Clear any active malfunction from the computer program
Clear all active malfunctions from the computer program
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Keyboard-initiated malfunctions will be entered during the mission by
means of a 24-bit word formed by the activation of the MIU control panel
switches. (See figure 1-18.) The DISPLAY switch, which indicates where the
malfunction shall be displayed on the MIU Control & Display Panel, sets bits
4 through 7 of the word. The SYSTEM SELECT switch sets bits 8 through 15,
which will be the alphabetic portion of MIU code number. The KEYBOARD
switches will insert the numerical portion of the MIU code number on the
verify register and set bits 16 through 24. The word will enter all computers
via a digital word input (DWI) under control of the real time input/output
program. Each computer will then enter a routine to determine the validity
of the malfunction. The result of the validity check is transmitted from the
computer via a Digital Word Output-Relay (DWOR) to the MIU Control and
Display Panels.

If the malfunction is valid, other action can now be taken with the instruc-
tion switches. Depression of the MALFUNCTION ENTER switch will activate
the malfunction by setting bit two of the DWI and setting a sense line. The
malfunction can be removed from the system by depression of the
MALFUNCTION CLEAR switch. Bit one of the DWI and a sense line are
set by this action.

If the validity check results in an invalid malfunction, the
INSTRUCTION INVALID light will be illuminated by means of a Digital
Word Output-Relay (DWOR) from the computer. At this point depressing
the CONTROL PANEL RESET switch will extinguish all lights and reset
conditions to initiate another malfunction.

All active malfunctions with the exception of those time dependent may
be cleared by depression of the MASTER CLEAR ALL system switch.
Time dependent malfunctions can be cleared within 90 seconds of the prior
to activation by depressing the 10 DISPLAY switch and the MALFUNCTION
CLEAR switch.

Central Timing Equipment.

The purpose of the Central Timing Equipment (CTE) is to produce the
following signals for use in the AMS.

512 kc

6.4 kc

One-second pulses

50-millisecond real time interrupt signal
Binary time word

Binary-coded-decimal time word

o U1 W N~

The 512-kc signal is the basic timing signal used in the simulation of
the PCM telemetry system. The one-second pulses are also used in the
PCM telemetry simulation as synchronizing pulses. The 6. 4-kc signal is
used in the simulation of the 400-cycle frequency synchronization of the
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three power inverters.  The 50-millisecond real time interrupt, the binary
time word, and binary-coded-decimal time word are all used in the computer
system.

As illustrated in figure 1-98, alternate reference frequency sources are
available to the CTE. During a nonintegrated mission, a 1024-kc crystal
clock supplies the reference frequency to the CTE. During an integrated
mission, a 1000-cps signal is received from the NASA facilities and
multiplied to 1024 kc. The signal is then divided into the frequencies
desired and gated out with provision for simulating failures. The time words
are developed from the 50-millisecond pulses gated into a counter chain
which counts half-seconds, seconds, minutes, hours, and days-of-the-month.
The resulting time words are converted into BCD and binary form before
being transmitted to the computers.

Provision is made through switches and buffers to enable the times to
be initialized from external sources. Switches can be set up to indicate a
particular minute; the one-minute trap and one-pulse-per second signal will
then automatically start the counters on the next integral minute.

Integrated Up-Data Link.

(Operational description of Integrated Up-Data Link is included under
"Communication and Data System'' system description, section 2 of this
volume).

Digital-to-Resolver Converter.

The digital-to-resolver converter is used to accept and convert binary
angles (sign and magnitude) from the DDP-24 computer to analog 400-cycle
signals compatible with the resolvers used in the telescope simulation of the
AMS.

Analog-to-Digital Shaft Position Encoder.

The purpose of the analog-to-digital shaft position encoder is to accept
and convert a shaft angle to equivalent binary digital signals compatible for
use in the DDP-24 computer.
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VISUAL SYSTEMS,

The visual systems of the AMS provide realistic exterior scenes tor

‘viewing through the landing and docking windows and through the optical

instruments of the simulated G&N system.  The views simulated by the visual
systems include the following:

1. Earth and lunar orbit scenes for circular and eccentric orbits
or various altitudes

2. Earth and lunar scenes from various ranges

Celestial star fields and specific navigation stars

4. Sun shafting, sunrise, sunset, moving cloud cover, and earth-moon
terminator effect scenes

5. Rendezvous, transposition, and docking LEM image scenes.

W

The visual systems are arranged about the SCM as depicted in figure 1-1.
The illustration indicates the general arrangement and location of the visual
systems with respect to the remainder of the training complex and identifies
major components. Figure 1-99 provides further component clarification of
the visual systems with respect to the SCM windows and optics.

The visual displays use an infinity image system as the basic device for
displaying simulated scenes with a large viewing angle. Each display
(window and G&N optics) is focused at infinity with the exception of the
rendezvous display. The images for the windows and G&N optics are
provided by separate image generation sources, which are combined via
the optical systems input assemblies. These assemblies include spherical
mirrors, beam splitters, and corrective lenses. A typical arrangement is
depicted in figure 1-100.

The infinity image system combines image inputs while projecting them
at infinity, or in the case of rendezvous, at a variable finite distance. The
field of view is limited by a zero thickness exit window having the following
outline: docking window, 6 by 12 inches; landing window, circular with a
12-inch diameter. For the docking window the field of view is 70° by 100° and
for the landing windows, 50° by 88°. The arrangement of the individual IIS
(figure 1-99) is such that these fields of view are provided for. The minimum
brightness of any point within the field of view is not less than half of the
maximum brightness observed from any viewing angle and does not vary more
than half the maximum brightness. There is no noticeable variation in size,
shape, or position of any object in the visual field as the viewer's eye moves
across the exit pupil.

For ease of discussion, the visual systems are grouped into three major
headings, landing windows, docking windows, and G&N optics. Each of these
functional groups is described in the following paragraphs.

LANDING WINDOWS,

The landing windows are the two windows located to the side of the
reclining astronauts. These windows provide the crew with the capability
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of viewing celestial or orbital scenes that assist them in orientation, attitude
maneuvering and scientific observation. Visual scene inputs to the landing
windows in the AMS are generated within the mission effects projector (MEP)
and the celestial sphere (starfield).

Mission Effects Projector.

The mission effects projector is utilized to project scenes of the earth
and moon including both near and distant body views. These views are
transferred onto a spherical translucent rear projection screen, which is
then viewed through the infinity image system. The MEP scenes include the
following:

e Full color image of the earth for midcourse; black and white image
of the moon

Earth and lunar orbit

Celestial bodies in their proper phase

Sunrise, sunset, and day-night terminator

Moving solid cloud cover.

All the above image presentations are arranged in such a manner as to
provide blending and continuity that would occur under natural viewing
conditions. The scenes are generated separately from film strips and
projected upon the MEP screen. The scene is moved across the face of the
screen by the use of mirrors and prisms, which simulate the attitude motions
of the spacecraft. Servos are used to drive and position the film, zoom lens
assemblies, and attitude functions.

The arrangement of the MEP is illustrated in figure 1-101. Ilumination
is provided by two mercury-xenon (Hg-Xe) arc lamps whose light is gathered
through a lens and mirror system and relayed to the film. The film is housed
in two turrets, each of which contain four film cassettes with a capability of
90 feet of film per cassette. The images from the films are projected through
a varifocal lens system, blended, and relayed to the screen. Continuous
image projection is used out to 1400 miles, after which earth scenes are
presented frame by frame by periodically alternating between turrets. Scale
factor changes and zoom lenses make the entire presentation appear
continuous. The alternating between turrets allows moon scenes to be
interspersed with earth scenes.

Visual scenes encompass an area centered above the nadir and sub-
tending an angle of 90 degrees for the window displays and 107 degrees for
the G&N optics. This area, depicted in figure 1-102, is surrounded by a
peripheral area extending to the limb of the earth or moon. The peripheral
area consists of moving solid clouds for earth scenes, and of an apparent
central image with no specific landmark detail for moon scenes. All scenes
are synchronized with attitude and direction control to produce apparent

motion of the central and peripheral scenes coincidental with attitude
changes.

1-61



SM-6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

1.8. 1.2

1-62

The earth orbital films center on an orbital flight path based upon
a nominal launch azimuth. A five-inch film strip is used to represent a
comparable 1000-mile wide band. At an altitude of 100 nautical miles, this
allows a minimum *400 nm variation in ground trace presentation to simulate
orbital freedom, drift, sliding, and results of launch attitude variations. The
MEP films can simulate variation in the flight path by variation of selected
film in compliance with computer control. A 2.15:1 altitude range variation
is required for each film.

Maximum simulated spacecraft attitude rates are during tumbling at up
to 40 degrees per second in any axis or combination of axes with acceleration
of 40 degrees/sec/sec. Minimum simulated attitude variations are in
response to minimum impulse control in conjunction with G&N optics. The
overall accuracy of the MEP positioning servos is such that the repeatability
of any point in the film plane at the MEP screen is within 1. 02 nautical miles
(35 arc minutes) at an altitude of 100 nautical miles for earth orbit and at a
scaled altitude (1:0.273) for lunar orbit. The MEP system has an angular
resolution of three arc minutes as seen by the viewer. Spherical, perspective,
and projection distortion is definable at all ranges and altitudes of the space-
craft. Maximum deviation from the real-world presentation does not exceed
60 arc minutes over the total MEP screen. All motions which effect the MEP
are controlled by the computer.

The effects of day-night termination are provided by the real time
simulation of sunlight and moonlight illumination for earth scenes with
correct orbital angle relationships. For moon scenes, the simulation
provides the proper relationship between earthlight and sunlight illumination
to produce the terminator effect. Sunrise and sunset effects are provided as
a function of the sun position. Whenever an earth limb presentation is
viewed, which does not fill the complete field of view, the remaining portion
is black and the appropriate portion of the celestial sphere superimposed.
Window filter emplacement is simulated by reducing the apparent incident
light by 77 percent.

Starfield.

The starfield display consists of a model celestial sphere whose
radius is 13.58 inches at the focal surface. Situated on the sphere are 998
stars up to and including stars of the fifth magnitude. The simulated stars
are reflective ball bearings tinted to present the correct spectral charac-
teristics and mounted on a black surface. When illuminated the balls produce
a star-like spot of light.

The starfield is viewed through an infinity image system at the windows
and simulated telescope. The stars are visible over the entire field-of-view
unless occulting occurs. Simulated occultation is included under computer
control on the basis of spacecraft configuration, attitude, and position.
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The apparent size of the star is 2 arc minutes or less for zero magnitude
or smaller stars. When viewed through the infinity image system, the star
patterns are without apparent distortion. Positioning of non-navigational stars
is maintained with 0.5 degrees and the navigational stars are located within
one milliradian accuracy relative to each other as measured on the sphere.

Solar Generator and Sun Shafting.

This equipment is provided to simulate the effect of the sunlight entering
the command module windows. Control of the sun shafting is accomplished
through the computer system which defines position, direction and intensity
functions. The apparent sun angle must be simulated for each window, but
since the simulation is for general effect rather than measurement, the
angular position, sun size, and collimation of light is not precise. The
angular position is accurate to within +2 degrees.

The sun shafting simulation is intended to cause the flight crew to cope
with problems in spacecraft operation that result from lack of visibility due
to direct or reflected sunlight. The simulated sun is of sufficient brilliance
to cause momentary blindness (approximately 5 seconds) if directly viewed.
This is accomplished with a relative brightness of 50 foot-lamberts to an
astronaut who is dark adapted to a level of 1. 0 foot-lambert.

The solar generator consists of a self-contained projector, which
produces a simulated image of the sun at the screen of the MEP. This
simulated sun subtends an angle with a minimum diameter of 32 arc minutes,
which is su'perimposed on the main MEP display. The simulation allows for
the sun entering, traversing, and leaving the field of view from any direction
and by any path. The illumination source is a 300-watt xenon arc lamp set off
axis to minimize interference with the main MEP beam. The optical path is
folded to allow a more compact design with the solar lamp axis parallel to
the axis of the other arc lamps within the MEP. A continuously variable,
computer-controlled, focusing drive for the projection lens is used to keep the
sun image in focus.

Occultation of the sun occurs whenever it would appear behind any of
the objects visible out the window (i.e., earth, moon, LEM). A rotary,
controlled shutter, operating in conjunction with computer signals, is used
to control sunlight and effect occultation.

DOCKING WINDOWS,

The docking windows are located forward of the right and left reclining
astronauts. These windows enable the crew to observe scenes directly in
front of the SCM in the direction of the X axis (apex). Visual scene inputs to
these windows are supplied through the infinity image system. The scenes
are generated by the MEP and starfield as described for the landing windows.
In addition to these inputs, are those supplied by the LEM rendezvous and
docking image generation equipment.
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LEM Rendezvous and Docking Generator.

The lunar excursion module image generation equipment consists of two
television cameras viewing one-twentieth scale models of the LEM and S-IVB
booster.in all three pertinent configurations. The models are gimballed for
3 degrees of motion to simulate attitude variations of the vehicles. The
models are illuminated by a sun simulator gimballed for 2 degrees of freedom.
Two lamps are used to minimize shadows. Two cameras are used to present
parallax effects when viewed through the infinity image system at the docking
windows. Range and aspect changes are simulated by actual relative motion
between the cameras and the model, and through the use of zoom lenses.

For completed docking phases, a slide image is used for continuous
projection. The slide remains observable through the docking windows until
either separation for descent or abandonment of the LEM occurs. The
simulation of the separation is accomplished by the camera model image
generation equipment operated in reverse.

G&N OPTICS.

The visual display system associated with the G&N optics includes both
the presentation of perceptual images and the hardware components located
within the SCM lower equipment bay. The housing for the simulated G&N
optics is designed to provide a firm mounting for the MEP and starfield
(celestial sphere) subsystems so that specific alignment can be achieved and
maintained. The composite assembly of SXT/SCT optics and image input
assemblies, illustrated in figure 1-103, is mounted on a rigid boom suspended
from the overhead catwalk which allows the SCM to be lowered away from it
and traverse beneath it.

Telescope.

The simulated telescope (SCT) consists of simulated telescope optics
and reticle arrangements along with a fixed optical system, which permits
simultaneous viewing of the starfield and the MEP., The starfield and MEP
provide the necessary images by presenting proper images on fixed surfaces
under computer control. Apparent motion resulting from SCT operation and
spacecraft attitude changes is simulated by mioving the images. Sun blinding
is not incorporated in the SCT but an indication of the line-of-sight approach
to the suns position is provided by lighting within the SCT optics. The suns
reflective effect is also provided.

Landmarks for telescope viewing are provided through the MEP film
inputs. To prevent undesirable ghost images at the SCT, the infinity imaging
system associated with the SCT is a refractive system rather than reflective.
The landmarks to be used in the AMS are listed in table 1-73. The longitude
and latitude coordinates of the film landmark, as calibrated, are used as the
true coordinates of these landmarks. These are supplied to the simulated
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G&N system to be used in computational functions. Star scenes for the SCT
are provided by the celestial sphere starfield as previously described.

The simulated telescope shaft and trunnion axis measurements are
obtained directly from the computer or the image generation equipment. The
accuracy of the simulated telescope is determined by the Optical System (IIS),
plus the accuracy of the reticle-shaft axis alignment and the alignment of these
to the optical center of the starfield and the MEP (i.e., mechanical factors).
The reticle positioning accuracy is #0.5°, and the total displacement of SCT
scenes because of mechanical factors is +4 arc minutes.

Sextant.

The simulated G&N sextant (SXT) is physically and functionally integrated
into the command module of the AMS. The arrangement of the components of
the simulated SXT, mounted adjacent to the simulated telescope equipment, is
illustrated in figure 1-103. The simulated SXT includes those portions of the
operational S/C equipment necessary to fully simulate the operation, perform-
ance and appearance of the spacecraft SXT. The simulated SXT mounting is a
rigid structure designed for long-term optical alignment.

The computer systems control the visual simulation for the SXT by
solving real time vehicle dynamics. Signals from the computer control
movements, scene selection, shaft readouts, lighting control for sun
reflection, and image centering for the simulated SXT. All angle computations
are performed by the AMS computer; therefore, accuracy requirements for
the simulated SXT are limited to repeatability and stability of the optical
system commensurate with the requirements imposed by a navigation sighting
or IMU alignment. To permit measurements to a degree of accuracy
commensurate with the requirements of a navigation sighting or IMU
alignment, the overall repeatability of SXT measurement for star sightings
is #7 arc seconds, and star to landmark is 15 arc seconds. These figures
include all factors due to image resolution, positioning, and degradation
caused by time, maintenance, etc. Reticle positioning accuracy within the
SXT is the same as that for the SCT, 0.5 degrees. Image motion rates for
the SXT are 0.7° per second maximum and 3.0 arc seconds per second
minimum. These allow the simulated SXT motions to be compatible with S/C
minimum impulse rates.

Since specific landmark images are not observed through the SXT until
they are clearly identified and located by the telescope, only fixed images
contained on a slide encompassing a 4-degree solid angle are used in the
simulation. Slide selection of appropriate landmark images occurs whenever
the telescope line-of-sight falls within the center 2.2 degrees of any fixed
landmark image plate, otherwise no scene is available to the SXT. Image
plate selection is performed in conjunction with appropriate computer signals.
The slides are positioned with correct relationships between the sextant and
telescope lines-of-sight. Flight crew control commands of shaft and trunnion
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motions are processed by the computer to modify image positions so that
proper landmark image alignment occurs during operation. Landmark
scenes (slides) are restricted to a plane located within 30 degrees of the
line-of-sight. These slides will contain specific unobscured landmarks
containing moon or earth phase lighting effects. In all, a total of 90 slide
images are available for sextant usage.

Star scenes for the sextant are developed by a navigational star
generator. This generator uses a single plate with a variable density filter
to produce the appropriate navigational star of the proper magnitude.
Associated celestial star backgrounds are developed by a starfield pattern
generator. Under computer control, the appropriate background starfield
for the selected navigational star is illuminated. The two scenes are then
combined via a beam splitter and presented to the simulated SXT variable
line-of-sight optics.

The specific landmarks to be used during earth orbit navigation sightings

and lunar orbit navigation sightings are listed in tables 1-73 and 1-74. These

same landmarks (i.e., specific selections from these landmarks) are used in
conjunction with midcourse navigation sightings involving sextant usage. The
navigation stars to be used for either IMU alignment or midcourse navigation

sightings involving the sextant are listed in table 1-75. Only 28 are tabulated

of the total of 57 located on the celestial sphere. These 28 stars are generated

within the SXT optics assembly as previously described. ‘
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G&N Supplementary Displays - Controls and Displays

Nomenclature

Function

Remarks

10

11

12

13

14
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MARK ERROR—R ANGLE
(DEGREES) display

MARK ERROR—M ANGLE
(DEGREES) display

ORBITAL POSITION—
LONGITUDE DEGREES
display

ORBITAL POSITION—
LATITUDE DEGREES
display

ALTITUDE NAUTICAL
MILES display

TRUE SPACECRAFT
ATTITUDE—RATE DEGS
SEC display

TRUE SPACECRAFT
ATTITUDE—POS DEGS
display

REFERENCE FRAME 1t

TEL/SEXTANT DISPLAY—
FOCUS control

TEL/SEXTANT DISPLAY—
BRIGHTNESS control

TEL/SEXTANT DISPLAY

NAVIGATION
PARAMETERS—LOS ROT
DEGREES display

NAVIGATION
PARAMETERS—DEGREES
display

NAVIGATION
PARAMETERS—DEC-LAT
1t

Displays angular coordinates of

a landmark with respect to
scanning telescope crosshairs or
angular coordinates of a star with
respect to sextant crosshairs.

Same as key 1.

Five-digit alphanumeric display
which indicates longitude of S/C
orbital position.

Four-digit alphanumeric display
which indicates latitude of S/C
orbital position.

Four-digit numeric display of
S/C orbital altitude.

Three analog meters indicating
PITCH, ROLL, and YAW
components of true S/C attitude
rates.

Three-digit readouts indicating
PITCH, ROLL, and YAW
components of true S/C altitude.

Provides indication as to
whether inertial reference is
E FRAME, I FRAME or

M FRAME,

Provides means to adjust focus of
cathode ray tube (CRT) display.

Controls brightness of CRT
display.

Presents analog of SXT/scanning
telescope (SCT) view.

Provides four-digit indication of
amount of rotation about shaft
axis.

Five-digit alphanumeric readout
which indicates coordinates of
point of intersection of asso-
ciated line-of-sight and earth/
moon/celestial sphere.

Split-screen 1t which shows
whether associated display is
reading latitude (landmark
sighting - SCT) or declination
(star sighting - SXT).

For midcourse navigation these readouts
provide alignment displacement in terms of
angles using sextant M and R lines as
coordinates.

Same as key 1.
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Key Nomenclature Function Remarks

15 NAVIGATION Five-digit alphanumeric readout
PARAMETERS—DEGREES | which indicates coordinate of
display point of intersection of asso-

ciated line-of-sight and earth/
moon/celestial sphere.

16 NAVIGATION Split-screen 1t which shows
PARAMETERS— SHA- whether associated display is
LONG 1t reading longitude (landmark

sighting = SCT) or sidereal hour
angle (star sighting - SXT).

17 NAVIGATION Provides four-digit readout of
PARAMETERS—DEC/ declination of SXT shaft line-of-
DEGREES display sight (LOS).

18 NAVIGATION Provides four-digit readout of

PARAMETERS— SHA /
DEGREES display

sidereal hour angle of SXT shaft
LOs.
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Figure 1-5. Navigation Evaluation Panel

Table 1-4. Navigation Evaluation Panel—Controls and Displays

Key Nomenclature Function Remarks

1 FUEL QUANTITY Four-digit indicator which
DISPLAY—RCS (LBS) records amount of fuel
display consumed during navigation

sighting.

2 FUEL QUANTITY Manual control (two) for zeroing
DISPLAY —ZERO related digital displays.
display

3 FUEL QUANTITY Rotary switch that selects
DISPLAY—CRT MODE reference and field-of-view
SELECTOR sw for CRT display.

4 MARK HOLD RELEASE — | Depressing the sw - 1t will
MARK sw - 1t cause displays of items 1, 2,

10, 22, and 23 to "freeze' until
switch is again depressed.

5 MARK HOLD RELEASE — | Depressing the sw - 1t
MAN-AUTO sw - 1t determines whether indicators
controlled by MARK switch
are under control of computer
or MARK switch.

6 FUEL QUANTITY Three-digit timer, actuated by
DISPLAY—TIME (SECS) | MINIMUM IMPULSE control
display that times navigation sighting.
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Simulator Status Panel

Table 1-5. Simulator Status Panel—Controls and Displays
Key Nomenclature Function Remarks
SIMULATOR STATUS

1 SPARE

2 SPARE

3 VISUAL SYSTEM 1t When on, indicates malfunction
in window display and SXT/SCT.

4 TRUE TRAINEE When on, indicates malfunction

ENVIRONMENT 1t in trainee environment systems.

5 COMPUTER STATUS 1t When on, indicates malfunction
in computer systems.

6 SPARE

7 MAINTENANCE IN Indicates maintenance is being

PROGRESS 1t performed on AMS,

8 PERIPHERAL POWER 1t Indicates malfunction in power
supplies to peripheral
equipment.

9 CABINET OVERHEAT It Indicates insufficient cooling in
cabinets.

10 DATA CONVERSION 1t Indicates malfunction in data
conversion equipment (DCE).

11 SPARE

12 SPARE

13 SPARE
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Table 1-6. Simulator Control Panel—Controls and Displays

n

SM-6T-2-02-107B

Key Nomenclature Function Remarks

PRE LAUNCH —
1 GO sw - 1t Split level indication. Switch
action initiates dynamic simu-
lation. READY 1t indicates IO
must depress sw within next
minute.

2 HOLD sw - 1t Will inhibit dynamic simulation
at point of depression. Real
time simulation (procedural)
not involving integrations can be
accomplished. Malfunctions
may be inserted through either
MIU or C/B. To/from launch
clocks are stopped.

3 RECYCLE sw - 1t Will remove inhibit impressed
by HOLD function and reset
dynamic simulation to T - 60 sec.
point. Initiation of simulation

| returns to GO function.
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Table 1-6. Simulator Control Panel—Controls and Displays (Cont)

Key

Nomenclature

Function

Remarks

10

11

SIMULATOR MASTER
CONTROL —

RUN sw - 1t

FREEZE sw - 1t

STEP AHEAD sw

STORE sw

RESET sw

X-T RECORDER —
RECORD sw

Mark pushbutton

INITIAL COND CALL
UP — thumbwheels

Split level indicator. READY It
indicates IO must depress sw
within next minute. In prelaunch
phase, sw action initiates pro-
gram operation with dynamic
simulation contingent upon GO
switch.

Initiates dynamic real time
simulation in other than launch
boost phases upon completion of
initial condition setup.

Stops all simulation. No real
time nor dynamic simulation
capabilities exist in this state.

Enables simulation to step
ahead to a prescribed point in
time, as specified, at other
than real time rates.

Enables recording of set block
of memory (parameters) to be
used on new reset (start) point.
Must be identified with initial
condition digiswitches which are
also recorded (stored).

Causes computer to read in
initialization parameters as
defined by INITIAL CONDITION
CALL UP thumbwheels. At
completion of this function,
trainer is returned to a
""freeze' condition.

Pertains to X-T recorders.
Permits individual control of
X-T recorders from their sepa-
rate panels. When depressed
(OFF) overrides individual con-
trols and places X-T recorders
in standby.

Places a ""mark'' alongside each
parameter being recorded on
the X-T recorder.

Three octal thumbwheel
digiswitches that select set of
initial conditions to which AMSC
program is set.
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Figure 1-8. Lighting Control Panel

Table 1-7. Lighting Control Panel—Controls and Displays

Key Nomenclature Function Remarks

1 INDICATOR LIGHT Variable control for 1t
INTENSITY control intensity setting.

2 FLOOD LIGHT INTENSITY| Varies intensity of overhead
INTENSITY control lighting,

3 EMERGENCY - Causes trainer to perform
SIMULATION—STOP emergency shutdown process.
sw - It

4 EMERGENCY-C/M Provides egress lighting
LIGHTS—ON sw - 1t within SCM in event of power

loss.
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Figure 1-9. Performance Timer
Table 1-8. Performance Timer Panel—Controls and Displays
Key Nomenclature Function Remarks
PERFORMANCE TIMER
1 GOUNT DOWN sw - 1t Depressing sw - 1t causes
counter to count down from
variable setting.
2 COUNT UP sw - 1t Depressing sw - 1t causes
counter to count up from
variable setting.
3 STOP sw - It Stops counter.
4 Digital thumbwheel

Provides control for setting
of desired time from 0 to 999.
Indicates elapsed time from
initial setting.
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Table 1-9. Computer Status Panel—Controls and Displays
Key Nomenclature Function Remarks
1 DIGITAL COMP Indicates power has been
POWER ON 1t applied to related computer.

2 DIGITAL COMP HALT 1t Indicates related computer is

in halt mode.

3 PAPER TAPE-READER —| Indicates related paper tape
ON LINE 1t (3) reader is being used by

program.

4 PAPER TAPE-PUNCH— Indicates related paper tape
ON LINE 1t (3) punch is being used by

computer program.

5 TYPEWRITER 1, 2, AND Indicates related typewriter
3— ON LINE 1t is being used by program.

6 MAGNETIC TAPE Indicates related magnetic
UNITS—1, 2, 3, AND tape unit (MTU) is being used
4—BUSY 1t by program.

7 HI-SPEED PRINTER — Indicates printer is being used
BUSY 1t by program.

8 CARD PUNCH-BUSY 1t Indicates punch is being used

by program.

9 CARD READER-BUSY It Indicates card reader is being

used by program.
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Figure 1-11. Recorder and Plotter Panel

. Table 1-10.

Recorder and Plotter Panel—Controls and Displays

Key Nomenclature Function Remarks
1 X-Y PLOTTERS-NO, 1 Places recorder pens on
AND NO. 2—PEN 1 writing surface.
AND PEN 2—DOWN
sw - 1t
2 X-T Recorders NO, 1, Stops recorder operation.
NO. 2 and NO., 3—
READY sw - 1t
X-T Recorders NO. 1, Permits remote start of
NO. 2, and NO, 3— recorder operation.
ON sw - 1t
3 VOICE RECORDER Indicates audio tape recorder
LAST CART 1t is using last available empty
cartridge.
4 TAPE TRANSPORT Enables audio tape recorder to
VOX CONT sw - 1t operate in conjunction with
voice operated relay.
5 CONT sw - 1t Provides continuous recording
on audio tape recorder.
6 OFF sw - 1t Provides power control for
KRS audio tape recorder.
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Figure 1-12. True Trainee Environment Panel

Table 1-11. True Trainee Environment Panel—Controls and Displays

Key Nomenclature Function Remarks
1 SUIT-AIR FLOW—NO, 1, Indicates actual air flow
NO. 2, NO. 3, and NO. 4| through each pressure suit.
meters
2 SUIT-PRESSURE meter Indicates .suit pressure at suit

inlet manifold.

3 SUIT-TEMPERATURE °F Indicates temperature at suit
X10 meter inlet manifold.

- MANUAL TEMPERATURE | Indicates that trainee is
1t providing manual control of

suit or cabin temperature.
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Table 1-11. True Trainee Environment Panel — Controls and Displays (Cont)

Key Nomenclature Function Remarks
5 COMMAND MODULE — Indicates actual SCM
TEMPERATURE °F x 10 temperature.
meter
6 COMMAND MODULE — Indicates actual SCM humidity.
HUMIDITY % x 10
meter
7 COMMAND MODULE — Indicates actual SCM noise.
NOISE LEVEL meter
8 SMOKE GENERATOR — Prevents operation of smoke
PUSH TO OVERRIDE generator, when depressed.
sw - 1t
9 SMOKE GENERATOR — Indicates that smoke generator
OPERATING 1t is operating.
10 SMOKE GENERATOR Indicates low-liquid smoke
FLUID LOW 1t level for smoke generator.
11 AURAL SIMULATION — Overrides computer initiate
OVERRIDE db control aural simulators. A small
blue 1t in center goes on when
knob is not in normal position.
12 AURAL SIMULATION — Provides manual activation of
ON OFF sw aural simulation controls.
13 RE-ENTRY HEAT Provides a remote override of
OVERRIDE control computer-controlled SCM
cabin temperature. Red 1t in
center of control goes on when
control is not in normal
position.
14 SUIT PRESSURE Provides remote override of
OVERRIDE control trainee's suit pressure. Small
red light indicates control is
not in normal position.
15 AIR FLOW LOW 1t

11

AURAL SIMULATION—
OVERRIDE db control

Indicates low air flow through
one or more of pressure suits
whenever flow drops below
predetermined level.
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Figure 1-13. Visual Systems Status Panel

Table 1-12. Visual System Status Panel—Controls and Displays

Key Nomenclature Function Remarks

SERVO SYSTEMS —

WINDOWS
1 MEP COMPUTER — Indicates that associated MEP
MANUAL 1t is either under computer or

manual control.

SERVO SYSTEMS

2, TELESCOPE — MEP — Indicates that associated MEP
COMPUTER — MANUAL | is either under computer or
1t manual control.

SERVO SYSTEMS

3 SEXTANT Indicates that sextant cassetts
COMPUTER — are either under computer or
MANUAL 1t manual control.
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Table 1-12. Visual System Status Panel - Controls and Displays (Cont)

®

STARFIELD —
COMPUTER — MANUAL
1t

of window display systems.

Indicates that related starfields
are either under computer or
manual control.

Key Nomenclature Function Remarks

4 R.V. — COMPUTER — Indicates that rendezvous image
MANUAL 1t generator is either under com-

puter or manual control.

5 400 CPS POWER 1t Indicates a failure of 400 cps

power supply.

6 DC POWER 1t Indicates a failure of the d-c

power supply.

7 R.V. DISPLAY SWEEP Indicates sweep loss (failure)
LOSS — NO. 1 and NO. 2 | in rendezvous image generator
1t systems.

8 MODEL SUN LAMP — Indicates failure of rendezvous
fail 1t model sun source lamp.

9 AIR COMPRESSOR — Indicates operating status of
SAFE — FAIL 1t air compressor.

10 LAMP FAIL 1t Indicates lamp failure in each
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Figure 1-14. Up-Data Link Panel ‘

Table 1-13. Up-Data Link Panel—Controls and Displays

Key Nomenclature Function Remarks
MODE —
1 NON-INTEGRATED Permits instructor to input
sw - 1t via keyboard panel.
2 INTEGRATED sw - 1t Enables UDL panel to operate '

in conjunction with IMCC.
NON-INTEGRATED —

3 NOUN sw - 1t Identifies word format for
G&N message.

4 VERB sw - 1t Identifies word format for
G&N message.

5 ENTER sw - 1t Enters up-data link (UDL)
digital keyboard information
into computer.

6 CLEAR sw - 1t Clears UDL digital keyboard
only.
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Table 1-13.

Up-Data Link Panel—Controls and Displays (Cont)

Key Nomenclature Function Remarks
7 KEYBOARD momentary Supplies 0 to 9 decimal digits for
contact pushbutton word forming.
NON-INTEGRATED
8 + (plus) sw - 1t Algebraic code.
9 - (minus) sw - 1t Algebraic code.
10 KEYBOARD CLEAR Unlatches system selected
sw = 1t (above) and resets UDL panel.
INTEGRATED —

11 MESSAGE RECEIVED It Indicates failed message has been
transmitted more times than it
has failed

NON-INTEGRATED —

12 DISPLAY DATA sw - It Informs computer that data output
is required and activates com-
puter interface circuit.

INTEGRATED —

13 NEXT MESSAGE FAILED |Indicates that next message has

1t been failed.
NON-INTEGRATED —

14 CTE sw - 1t Informs computer that up-coming
message is CTE word and acti-
vates computer interface circuitry.

INTEGRATED —
15 FAIL NEXT MESSAGE Next message after switch closure
sw - 1t will be failed. Repeated depres-
sions indicate number of times
message failed.
NON-INTEGRATED —

16 G&N sw - 1t Informs computer that upcoming
message is G&N word and acti-
vates computer interface circuitry.

INTEGRATED —

17 DCS FAIL sw - 1t Disables decoder to simulate fail-

ure to ground transmission link.
NON-INTEGRATED —

18 RTC sw = 1t Informs computer that upcoming
message is real time command
word and activates computer
interface circuitry.

19 KEYBOARD RELEASE Resets keyboard during integrated

sw = 1t mode.

20 ERROR RESET

sw = 1t

Resets UDL panel during inte-
grated mode.
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Voice Communications Interference Panel—Controls and Displays

Key Nomenclature Function Remarks
1 GARBLE control Varies amount of garble on
VHF -AM or S-BAND up-link
voice communications.
2 NOISE control Varies noise level on VHF-AM

1-84

or S-BAND up-link voice
communications.
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Figure 1-16. Console Communications Control System
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Table 1-15.

Console Communications System Panels—Keys

Key

Nomenclature

Function

Remarks

10

11

12

VHEF 1 and 2 keys

CM INTERCOM key

AL (1, 2, and 3) keys

ML key

MULTI-ACCESS key

B C/O key

RING key

RLS key

CL key

CMIL key

SC key

HF key

NOTE

Switches with shaded corners
indicate monitor circuits.
Depression provides access to
associated loop and key is
lighted. Any combination of
monitor keys may be operated
at one time.

Provides simulated RF voice
transmission loop with SCM,
manned spacecraft flight
network (MSFN) and SCM
crew stations.

Provides access to SCM inter-
communications loop and simu-
lates GSE hardline for pre-
launch.

Provides communications
between individual astronaut
and AMS instructor.

Monitor loop key provides IO
with access to Manned Space-
craft Control Center (MSCC)

and MSFN stations.

Enables IO to select up to
three talk-listen keys at one
time.

Buzzer cutoff key disables
buzzer operation.

Establishes outgoing signaling
on intersite loops after desired
key has been operated.

Release key releases estab-
lished talk circuit.

Computer loop provides commu-
nications between IOS and
support positions.

Command module instructor's
loop provides conferencing
capability between instructors.

Simulator conference loop pro-
vides conferencing between AMS
instructors and simulation con-
trol area (SCA) instructors
during integrated training.

Provides simulation of RF voice
transmission loop with SCM
and MSFN stations.
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Table 1-15.

Console Communications Sy stem Panels—Keys (Cont)

Key

Nomenclature

Function

Remarks

13

14

15

16

17

18

19

20

21

22

23

S-BAND key

PRIM MSFN key

FD key

SC OP key

LV/TC key

TM (1 and 2) keys

DIAL

HOLD key

ST&T key

FCS/CL key

TM (1 and 2) keys

Provides simulated duplex
voice transmission between
SCM and MSFN stations.

Prime MSFN loop provides
monitoring capability of entire
MSFN range.

Flight director loop provides
monitoring capability of flight
director.

Spacecraft operations loop
provides AMS instructor with
monitoring capabilities of simu-
lated activities of blockhouse
spacecraft test conductor
personnel.

Launch vehicle-test conductor
loop provides monitoring capa-
bilities of launch vehicle test
conductor.

Telemetry keys provide moni-
toring capabilities of telemetry
conference loops.

Not used. Growth capability
which allows for future use of
telephone dial.

Enables hold of any talk-listen
key selected.

Simulation tracking and tra-
jectory loop provides con-
ferencing capability between
AMS instructors and simulation
control area (SCA).

Flight crew simulator computer
loop provides conferencing capa-
bility for coordinating AMSC

and MSCC computer operations.

Telemetry loops provide con-
ferencing capability between
AMS telemetry console opera-
tors and MSCC operators.
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Table 1-16.

SM-6T-2-02-118

Communication Control Panel (Trainer)

Communications Control Panel (Trainer)—Controls and Displays

Key Nomenclature

Function

Remarks

1 |[.AUDIO OUT headset jacks

2 CCS VOLUME control

3 AUDIO SELECT sw

4 BACKUP VOLUME control

5 AUDIO SELECT sw

6 MONITOR SELECT sw

1-88

Provide connections for dual
prong headset plug to CCS for
listen only or talk/listen capa-
bility.

Provides rotary control of
selected channel volume.

Provides for selection between
communication loops available
through CCS keyboard and backup
loop.

Provides rotary control of backup
loop audio volume.

Provides selection between
communication loops available
through CCS keyboard and
monitor loop.

Enables operator to select any of
individual monitor loops (astro)
or all of them simultaneously.
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. Figure 1-18. MIU Control Panel

Table 1-17. MIU Control Panel—Controls and Displays

Key Nomenclature Function Remarks

1 DISPLAY sw - 1t Selects location in which mal-
function code and status is to
be displayed.

2 INSTRUCTION INVALID It | Indicates an invalid malfunction
code has been selected.
3 CONTROL PANEL IN USE Goes on whenever any one of
1t three control panels is operated.
4 SYSTEM SELECT sw - 1t Selects and indicates system

into which malfunction is to
be inserted.

CM Communications

CN Cryogenic storage

« @« @« continued
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Table 1-17. MIU Control Panel—Controls and Displays (Cont)

Key Nomenclature Function Remarks

4 Cp SIVB control and propulsion

(cont)
Cs Crew safety
EC Environmental control
EP Electrical power
GN Guidance and navigation
GS Sequence control group
RC Reaction control
SC Stabilization and control
SP Service propulsion

5 VERIFY REGISTER Displays octal numeric code

display keyed upon keyboard.

6 KEYBOARD sw - 1t Enables selection of octal
numeric portion of malfunction
code.

INSTRUCTION —
7 MASTER CLEAR ALL Removes all malfunctions from
SYSTEMS sw - 1t computer program.
8 CONTROL PANEL Resets all switches and lights on
RESET sw - 1t control panels.

9 DISPLAY CLEAR sw - 1t Clears all lights on MIU
display panel.

10 MALFUNCTION CLEAR Removes displayed mal-

sw - 1t function corresponding to DIS-
PLAY switch selected from
computer program.

11 MALFUNCTION ENTER Enters displayed malfunction

1-90

sw - 1t

corresponding to DISPLAY
switch selected into computer
program.
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Table 1-18.

MIU Display Panel

SM-6T-2-02-157A

MIU Display Panel—Controls and Displays

Key

Nomenclature

Function

Remarks

DISPLAY STATUS 1t

Display 1t

IMP 1t

ENT 1t

MALFUNCTION display

TIME DEP 1t

Numeric readout of selected
display.

Indicates that malfunction code
selected is valid and further
instructor action is required.

Goes on whenever a manually
selected malfunction is acti-
vated. Goes on to indicate that
selected malfunction was pre-
viously entered into program.

Magnaline display which pro-
vides an alphanumeric readout
of selected malfunction code.

For manual or preprogrammed
malfunctions, this 1t functions
as 3 above. For time depend-
ent malfunctions, this 1t will
flash off and on for ninety
seconds prior to activation of
malfunction.
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Figure 1-20. Central Timing Equipment

Table 1-19. Central Timing Equipment Panel—Controls and Displays

Key Nomenclature Function Remarks
1 GMT display Digital readout of second,
(IOS only) minute, hour and day refer-

enced to GMT.

2 TIME TO/FROM LAUNCH Digital readout of second,
display (IOS only) minute, hour, and day refer-
enced to launch time.
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SM-6T-2-02-218

Figure 1-21. Digital Time Code Translator

Table 1-20. Time Code Translator Panel—Controls and Displays

Key Nomenclature Function Remarks

1 DIGITAL display Presents digital readout of
time in days, hours, minutes,
and seconds.

2 INPUT rotary sw Serves as power switch and
selects either normal or
inverted signal input.

3 SYNC MODE rotary sw Sets up carrier decoder circuits
to accommodate an input time
code presented to unit.

4 IRIG CODE rotary sw Selects format control signals
to control internal mark
counter.

5 CARRIER FILTER Used to insert filters in auto- An external filter sw on rear of panel is
rotary sw matic gain control circuits for placed to INT when these sw are used. If
different carrier frequencies, external filters are to be used, these sw
recording and playback speeds. are placed to NORMAL and the external
filter sw is placed to EXT.
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Figure 1-22. CCTYV Location
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Table 1-21.

Figure 1-23.

Camera Control Module

SM-6T-2-02-122A

Camera Control Module—Controls and Displays

Key Nomenclature Function Remarks
1 ON-OFF sw Power control for camera
operation.
2 POWER It Indicates power-on situation.
3 VIDEO LEVEL gage Gain indication of camera video
level.
4 MAGNIFIER pushbutton Expands center area of picture
for close observation.
5 AUTO-MANUAL sw
AUTO position Camera adjusts automatically
to varying light conditions.
MANUAL position Provides manual control for
camera light conditions with
potentiometer.
6 TARGET control

Operates in conjunction with
MANUAL position of sw to
control light intensity of
camera view.
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Figure 1-24. SCM Main Display Panel
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MILES digital altimeter
(IOS only)

of vehicle altitude.

(I0S only)

u T
I |
I [
! | [ |
ALTITUDE
NAUTICAL MILES
é o
yasiil
| A
SM-6T-2-02-124A
Figure 1-25. Barometric Altimeter Panel
Table 1-22. Barometric Altimeter Panel—Controls and Displays
F i Instructor R Xk
Key Nomenclature unction Visibility emarks
1 Barometric altimeter Provides indication of SCM repeater Meter range 0 to 100,000 feet.
vehicle altitude. instrument Markings for FWD H.S. jetti-
son at 25,000 feet and main
chute deploy at 15,000 ft.
2 ALTITUDE NAUTICAL Provides four-digit readout Digital display
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Figure 1-26. Spacecraft Panel 3
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Table 1-23.

Spacecraft Panel 3—Controls and Displays

F . Instructor R Kk
Key Nomenclature unction Visibility emarks
1 ABORT 1t Indicates that abortive Repeater 1t Light is backup to voice
situation exists and abort communication.
should be initiated.
2 MASTER ALARM 1t Indicates caution condition. MASTER Accompanied by audio warning
CAUTION 1t tone in headset. Lights on
panel 65 and LEB are on
simultaneously.
3 MS ARM — PYRO-LOGIC Goes on when mission Repeater 1t
1t sequencer pyro or logic
buses are armed
4 TWR ARM — A-B 1t Goes on when tower Repeater 1t -
sequencers A and B are
armed.
SPS GIMBAL Provide gimbal motor
ACTUATORS sw start capability
5 P2 (pitch 2) sw Applies power to pitch 2 Repeater 1t Four operationally identical
gimbal actuator. switches (Also applies to 6, 7,
and 8.)
6 P1 (pitch 1) sw Applies power to pitch 1
gimbal actuator.
7 Y2 (yaw 2) sw Applies power to yaw 2
gimbal actuator.
8 Y1 (yaw 1) sw Applies power to yaw 1
gimbal actuator.
9 IFTS sw Not operational
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FDAI
INDICATOR

Flight Director Attitude Indicator

Figure 1-27.
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Table 1-24. Flight Director Attitude Indicator—Controls and Displays

. Instructor

Key Nomenclature Function Vigibility Remarks

1 Attitude error indicators Displays pitch, roll, and Repeater Attitude error is derived from
yaw attitude errors due to indicator CDUs in G&N modes and BMAGs
drift or deviation from in SCS modes.
present attitude.

2 Attitude rate indicators Displays rate of change of Repeater Angular rates are generated by
attitude in pitch, roll and indicator RGP or BMAGs in backup mode.
yaw due to drift or deviation
from present position.

3 Attitude ball display Displays S/C attitude Repeater Ball face is marked in degrees
referenced to inertial space, instrument of latitude and longitude;
in terms of body or navi- latitude indicating pitch
gation axes. attitude and longitude indicating

yaw attitude. Gimballing
permits 360 degrees of freedom
in roll, pitch, and yaw axes.
Roll attitude is indicated by
pointer referenced to scale
marked in increments of 10
degrees about inner circum-
ference of FDAI face.

4 Reference indicies Provide basis for referencing | Repeater Horizon level indice represents
attitude indications to either indicator body axes orientation with

body or navigational axes.

respect to IMU stable element.
Crosshair indices represents
navigation axes displacement
from IMU stable element. Two
indices are displaced approxi-
mately 33 degrees in pitch
axis.
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Table 1-25.

Spacecraft Panel 5—Controls and Displays

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10

11

12

13

14

15

® -

SECONDS timer display

RESET pushbutton

L/V RATES 1t

L/V GUID 1t

L/V ENGINES 1t

OX DUMP sw

LES MTR FIRE sw - 1t

NO SEP 1t

ADAP SEP ARM sw - 1t

ARMED 1t

ADAP SEP sw

HS JETT sw

DROGUE DEPLOY sw

MAIN DEPLOY sw

LOCK — UNLOCK sw

ELS ARMED PYRO-LOGIC
sw - It

Displays time in seconds
from liftoff,

Resets events timer to zero

Indicates warning of excess-
ive launch vehicle rates in
roll, pitch and yaw.

Indicates warning of mal-
function conditions rated in
launch vehicle guidance unit.

Eight 1t indicate when on,
that an engine has dropped
below 90 percent of rated
thrust level.

Manual override to auto-
matic dumping of C/M RCS
oxidizer.

Indicates LES TWR has not
jettisoned and provides
manual backup to automatic
LES tower jettison.,

Goes on when LES tower
fails to separate.

Activates adapter separation
circuitry prior to LES tower
jettison,

Indicates LES tower adapter
circuitry is armed.

Provides manual emergency
destruction of tower
adapter.

Manual backup to automatic
forward heat shield jettison.

Manual backup to automatic
drogue chute deployment.

Manual backup to automatic
main chute deployment.

When locked, inhibits
switching functions of this
panel.

Goes on when ELS logic or
pyro buses are armed.

Repeater
display

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Automatically resets to zero
when abort is initiated.

In conjunction with FDAI, will
indicate necessity for manual
abort initiation.

Any two S-1B engines below 90
percent of rated thrust will
initiate auto abort in auto
abort mode.

If auto oxidizer dump sw in SCM

panel 16 is enabled, oxidizer will
be dumped automatically in abort

up to 42 seconds after liftoff.

Used only if automatic system
fails during abort or entry.

Drogue chutes should deploy
automatically within 2 seconds
after fwd heat shield jettison.

Main chute deployment occurs
at 10,000 ft.

. . . continued
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Table 1-25.

Spacecraft Panel 5—Controls and Displays (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

17

18

19

20

21

22

23

24

25

C/M-S/M SEP sw - 1t

NO SEP 1t

TWR JETT sw - 1t

NO SEP 1t

MTR JETT sw - 1t

NO AUTO ABORT sw - 1t

LIFT OFF 1t

START pushbutton

STOP pushbutton

1-106

Goes on when depressed to
initiate C/M-S/M
separation.

Goes on when LES tower
fails to separate after
jettison.

Goes on when LES tower has
been jettisoned. Provides
normal manual jettisoning
of LES tower.

Goes on when LES motor
fails to separate after being
jettisoned.

Provides manual backup to
motor jettison. Goes on
when LES motor has not
been jettisoned.

Goes on to indicate auto
abort capability has not been
enabled. Depressing sw
will re-enable the auto abort
function.

Goes on at lift-off,

Starts events timer
counting.

Stops events timer.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Used as backup to automatic
function. Can be used as
manual backup to LES
automatic abort.

If light remains out, auto abort
function is disabled.

Light goes out 5 seconds after
liftoff.

Event timer starts automatically
at liftoff.
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Figure 1-29. Attitude Set/Gimbal Position Indicator
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Table 1-26.

Attitude Set/Gimbal Position Indicator—Controls and Displays

Key Nomenclature

Function

Instructor
Visibility

Remarks

1 ATTITUDE SET — FDAI
ALIGN sw

2 ATTITUDE SET thumb-
wheel

3 | ATTITUDE SET display

GIMBAL POSITION —

4 YAW indicator

5 PITCH indicator

6 PITCH thumbwheel
7 YAW thumbwheel

8 ATT SET sw —

ATT SET position

OFF position

1-108

Enables alignment of attitude
gyro coupling unit (AGCU)
resolvers and FDALI to
attitude displayed on
ATTITUDE SET indicators.

Enables desired pitch, roll,
yaw angles to be set into
SCS attitude reference
system.,

Display roll, pitch, and yaw
settings in degrees.

Indicates SPS thrust
chamber yaw position in
degrees.

Indicates SPS thrust
chamber pitch position in
degrees.

Provides manual control of
pitch SPS engine gimbal
position.

Provides manual control of
yaw SPS engine gimbal
position.

Locks attitude set verniers
(pitch, yaw, roll) and in
SCS mode connects AGCU
difference outputs to
attitude error needles.

Unlocks attitude set
verniers and in SCS modes
connects BMAG outputs to
attitude error needles.

Repeater 1t

Variation in
attitude
indications

Repeater
display

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater
indicator

Repeater 1t

These thumbwheels are not
located or indicated on IOS
panel.

Utilized when aligning engine
thrust vector with vehicle
center of gravity.

Utilized when aligning engine
thrust vector with vehicle
center of gravity.

Attitude error needles (FDAI)
now indicate difference between
value set by thumbwheels and
present S/C attitude in SCS
modes.




SM-6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

L
S|ElElElE

L)

B ||| e Lmjlf

°

Table 1-27.

Figure 1-30.

Delta V Panel
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Delta V Panel—Controls and Displays

Key

Nomenclature

Function

Instructor
Visibility

Remarks

DIRECT ULLAGE sw

THRUST ON sw

NORMAL-THRUST OFF
sw —

NORMAL position

THRUST OFF position

AV REMAINING indicator

AV SET sw —

(+) position

(-) position

When depressed, actuates
all four +X S/M RCS
engines.

Applies power to SCS
circuitry, which actuates
SPS engine control circuits.

Allows normal operation of
SCS thrust logic circuit for
SPS ignition.

Provides capability to
terminate SPS engine firing.

Displays delta V remaining
and/or delta V magnitude
in ft/sec.

Enables increase of delta V
remaining display at slow
or rapid rate,

Enables decrease of delta V
remaining display at slow
or rapid rate.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater
indicator

Repeater 1t

Manual backup for SPSignition
in G&N delta V mode. Normal
SPS ignition sw when in SCS
delta V mode.

When SPS engine is thrusting,
delta V remaining indicator is
driven towards zero by signals
from SCS X-axis accelerometer.

Five-position sw. Slow rate in
either direction is two digits
per second and fast rate is 64
digits per second in either
direction with center-off
position.
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Table 1-28.

Control Mode Select Panel—Controls and Displays

F . Instructor - %
Key Nomenclature unction Visibility emarks
1 BACKUP RATE — sw
PITCH sw Enables BMAGs to furnish Repeater 1t Attitude error signal input to
YAW S/C attitude rate information FDALI is removed.
sw rather than attitude infor-
ROLL sw mation for selected axis.
2 .05 G BACKUP — sw Provides manual backup for Repeater 1t Switch works in conjunction
. 05g switching signal. with G&N and SCS ENTRY
mode sw. With .05 G sw
ON, pitch, yaw, and roll
attitude error signals will
null in SCS entry mode. In
G&N entry mode, pitch and
yaw attitude error indicators
null, but roll indicator will
continue to display roll
attitude error as supplied by
G&N system.
3 CONTROL MODE
SELECT —
MON sw - 1t Enables selection of desired Repeater 1t Depressing any sw will release
G&N ATT CONT sw - 1t cc.mtrol mode of operation. mode. prey1ou§1y held in by
Lights go on, when de- latching circuit.
G&N AV sw - 1t pressed, to indicate
G&N ENTRY sw - 1t operating mode.
SCS LOCAL VERT sw - 1t
SCS ATT CONT sw - 1t
SCS AV sw - 1t
SCS ENTRY sw - 1t
4 DEADBAND sw —
MAX position Enables attitude sensitivity Repeater 1t Prevents attitude correction
of £5 degrees. signals from being sent to
RCS until attitude errors exceed
MIN position Enables attitude sensitivity selected deadband.
of 0, 5 degree.
5 CHANNEL DISABLE —

PITCH sw
YAW sw

A&C ROLL sw
B&D ROLL sw

Disables selected attitude
axis attitude control
channel.

Repeater 1t
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Figure 1-32. Caution/Warning System Panel 10

Table 1-29. Caution/Warning System Panel 10—Controls and Displays

Instructor

Key Nomenclature Function Vigibility Remarks

1 AGC PWR FAIL It Indicates loss of +3-volt Repeater 1t
power supply.

2 G&N ACCEL FAIL 1t Indicates pulsed input Repeater It
pendulous accelerometer
(PIPA) error signal is
greater than 6.5 volts.

3 CDU FAIL 1t Indicates coupling display Repeater 1t
unit (CDU) error signal is
greater than 5.4 volts or
loss of 25. 6 kc encoder
excitation.

4 IMU FAIL 1t Indicates middle gimbal angle| Repeater 1t
is greater than +60 degrees

or in gimbal lock. ‘
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Table 1-29.

Caution/Warning System Panel 10—Controls and Displays (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10

11

12

13

G&N ERROR 1t

IMU TEMP 1t

C/W FAIL 1t

GIMBAL LOCK 1t

AGAP TEMP 1t

COZ PP HI 1t

S/M RCS (A,B,C,D) 1t

C/M RCS (A,B) 1t

HI GAIN ANT AUTO
FAIL 1t

Indicates error in one or
more of following units: IMU,
accelerometer, CDU, or
AGC,

Indicates temperature sensor
fails in inertial reference
integrating gyro (IRIG).
Indicates temperature control
magnetic unit fails.

Indicates failure in caution
and warning system.

Indicates middle gimbal
angle greater than +60
degrees or in gimbal lock.

Indicates attitude gyro
accelerometer package
(AGAP) has exceeded
170£2°F.

Indicates CO2 partial
pressure has exceeded
5 mm Hg.

Indicates S/M system has
failed because of the
following:

a. Regulated helium pres-
sure manifold, under
or overpressure

b. Package temperature,
over or under-tempera-
ture

c. Oxidizer-to-fuel ratio
not within 2:1 ratio by
+3 percent

Indicates C/M system has
failed because of the
following:

a. Regulated helium pres-
sure manifold prior to
pressurization, over or
under

b. Regulated helium pres-
sure after pressurization,
over or under

Indicates failure of high
gain antenna automatic
positioning circuitry.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

MASTER CAUTION light goes
on and audio tone is audible in
headsets when this light goes
on.

Light is not incorporated on
SCM main display panel 10.
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Table 1-30. Caution/Warning System Panel 11—Controls and Displays

. Instructor R arks
Key Nomenclature Function Visibility em
1 IFTS 1t Inoperative
2 F/C-BUS DISCONNECT 1t Indicates fuel cells 1, 2, Repeater 1t
or 3 have been disconnected
from main bus A or B due to
fuel cell overload or
reverse current.
3 GIMBAL DR FAIL 1t Indicates gimbal motor 1 Repeater 1t
(PITCH and YAW) has experienced overcurrent
or undercurrent condition.
S DC BUS UNDERVOLT 1t Indicates d-c undervolt Repeater 1t
(A and B) condition exists on main
bus.
5 AC BUS FAIL 1t (1 and 2) Indicates ac bus power Repeater 1t
(1 and 2) failure.
6 AC BUS OVERLOAD 1t Indicates a-c overload Repeater 1t Inverter supplying bus will be
exists on bus. automatically disconnected
when light goes on.
7 INV TEMP HI 1t Indicates respective inverter Repeater 1t
(1, 2, and 3) temperature has exceeded
operation heat limits.
8 CAUTION/WARNING —
S/M sw
ON position Permits monitoring of Repeater 1t
those systems housed in
S/M through caution and
warning (C/W) indicators.
. OFF position Disconnects sensor inputs
to C/W indicators from
S/M.
9 CAUTION/WARNING —
TEST sw
TEST position Functions as lamp test for Repeater 1t
SCM panels 10 and 11.
ON position Permits normal operation of
C/W system
10 F/C (1, 2, and 3) 1t Indicates one of following Repeater 1t
for respective cell.
a. Fuel cell (F/C) module
skin temperature 500°F.
b. HZ regulator out pressure
75 psia.

. . . continued
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Table 1-30.

Caution/ Warning System Panel 11—Controls and Displays (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10
(cont)

11

12

13

16

17

GLY TEMP LOW 1t

HZO SEP PUMP FAIL 1t

H, PRESS. 1t

0, PRESS. 1t

'SPS PRESS. 1t

SPS WALL TEMP HI 1t

SPS PU SENSOR FAIL 1t
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Cs H2 flow exceeds 0. 090
Ib/hr.

d. F/C water is contami-
nated.

e. Module skin temperature
460°F.

f. Hj regulator out pressure
is below tolerance.

g. N2 pressure is 70 psia.

h. N, pressure is below
tolerance.

i, O2
hr.

flow exceeds 0. 72 1b/

Indicates glycol temperature
has dropped to -20°F.

Indicates H,O sep pump
diaphragm has ruptured.

Indicates H, tank 1 or 2
pressure is above 270 psia or
below 220 psia.

Indicates O, tank pressures
are above 950 psia or below
800 psia.

Indicates SPS propellant tank
pressure is above 218 psia.

Indicates SPS wall tempera-
ture has exceeded 500°F,

Indicates 2:1 ratio has
exceeded 3 percent above or
below.

Indicates fuel or oxidizer
sensor has failed.

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

Repeater

MASTER CAUTION light goes
on and audio tone is audible in
headsets when light goes on.

MASTER CAUTION light goes
on and audio tone is in headset
when light goes on. If HZO
accumulator diaphragm
ruptures, oxygen at 100 psig
will enter waste water system.
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Table 1-31. Spacecraft Panel 12—Controls and Displays
Ke N o F . Instructor
y omenclature unction Visibility Remarks

1 S/M TEMP — PKG meter Indicates temperature of S/M Repeater
package A, B, C, D, as display
selected by RCS INDICA-

TORS sw.

2 S/M SYS PRESS — He Indicates helium tank pres- Repeater

meter sure of S/M RCS package A, display
B, C, or D as selected by
RCS INDICATORS sw.

3 S/M SYS PRESS — MANF Indicates regulated helium Repeater

meter manifold pressure of S/M display
RCS package A, B, Cor D
as selected by RCS
INDICATORS sw.

4 Oxidizer quantity display Displays digital readout of Propellant Digital readouts indicate pro-
S/M quantities remaining in Quantity-OXID | pellant quantity in pounds. No
oxidizer tank of system repeater indication is supplied when
selected by RCS INDICA- display RCS INDICATORS sw is in

5 RCS INDICATORS rotary
sW

C/M — A and B position

S/M— A, B, C,
and D position

6 CLOCK indicator (C/M
only)

7 Fuel display

8 | O FLOW HI 1t

9 C/M SYS PRESS — OX
meter

10 C/M SYS PRESS, — F
meter

1-118

TORS sw.

Controls inputs to propellant
indicating devices, C/M
and S/M sections are identi-
cal within their respective
systems with exception of
no propellant readout for
C/M RCS.

Eight-day mechanical clock
for time reference.

Displays digital readout of
S/M quantities remaining in
fuel tank of system selected
by RCS INDICATORS sw.

Indicates O, total flow has
exceeded that amount con-
sidered critical. Provides
indication of leak or
mismanagement,

Indicates regulated helium
pressure prior to entering
oxidizer tanks of C/M RCS
system selected by RCS
INDICATORS sw.

Indicates regulated helium
pressure prior to entering
fuel tank of C/M RCS
system as selected by RCS
INDICATORS sw.

Repeater sw -
1t

(C/M only)

Fuel repeater
display

Repeater 1t

C/M SYS
TANK

PRESS, — OX
repeater
display

C/M SYS
TANK
PRESS., — F
repeater
display

C/M positions.

Position of SCM sw is indi-
cated by lighted lamp. However,
I/O may read other param-
eters than those selected by
trainee by depressing any
momentary pushbutton light.

The SCM indicator light remains
on but IOS selected parameters
are displayed to IO, SCM
displays are not affected.

Digital readouts indicate pro-
pellant quantity in pounds. No
indication is supplied when
RCS INDICATORS sw is in
C/M positions,

Light goes on at 1.0 1b/hr
flow, which indicates
oxygen leakage or mis-
management of oxygen
system.,

Indicates zero when RCS
INDICATORS sw is in any
S/M position,
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Table 1-31. Spacecraft Panel 12—Controls and Displays (Cont)

. Instructor
Key Nomenclature Function Visibility Remarks
11 C/M SYS PRESS. — He Indicates C/M RCS system C/M SYS
meter helium tank pressure as TANK
selected by RCS INDICA- PRESS. — He
TORS sw. repeater
display

12 C/M TEMP — He meter Indicates helium tank tem-- Repeater

perature of C/M RCS sys- display

tems as selected by the
RCS INDICATORS sw.
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Table 1-32.

Spacecraft Panel 13— Controls and Displays

N F . Instructor R K
Key omenclature unction Visibility emarks
1 RAD— TEMP OUT Provides temperature read- Repeater
meter out of water-glycol from meter
S/M space radiators.
2 EVAP LIQ — TEMP OUT Provides temperature Repeater
meter readout of water-glycol at meter
glycol evaporator outlet.
3 TEMP EVAP STEAM Provides temperature read- Repeater
meter out of steam discharge from meter
water-glycol, evaporator
and/or suit heat exchanger.

4 PRESS GLY DISCH meter Provides static pressure Repeater
readout of water-glycol meter
pump discharge.

5 FLOW O, meter Provides total rate of Repeater
flow readout of O, supplied meter
to ECS.

6 AP COMP meter Provides pressure differ- Repeater
ential readout between meter
inlet and outlet of unit
compressors.

7 TANK PRESSURE gages Used to determine heater Repeater
performance and detect gages
leaks.

O, gage 1 Displays pressure of O,
tank 1.
O, gage 2 Displays pressure of Oy
tank 2.
H, gage 1 Displays pressure of H,
tank 1.
H, gage 2 Displays pressure of H,
tank 2.
8 O, HEATERS sw Repeater 1t
(1 and 2)
ON position Controls d-c power to O,
tank heaters.
AUTO position Enables automatic pressure
sw to control d-c power to
O, tank heaters.
9 H, HEATERS sw

(1 and 2)

ON position

AUTO position

Controls d-c power to Hp
tank heaters.

Enables automatic pressure
sw to control d-c power to
H, tank heaters.

Repeater It

continued
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Table 1-32.

Spacecraft Panel 13—Controls and Displays (Cont)

. Instructor
Key Nomenclature Function Visibility Remarks
10 TANK QUANTITY gages Repeater gage
O, gage 1 Displays quantity of O
remaining in tank 1,
O, gage 2 Displays quantity of O)
remaining in tank 2.
H, gage 1 Displays quantity of Hj
remaining in tank 1.
H; gage 2 Displays quantity of Hj
remaining in tank 2.
11 OXYGEN sw (1 and 2) Repeater 1t
ON position Actuates shutoff valve to
open position,
Normal position Removes power from shutoff
valve solenoid.
OFF position Actuates shutoff valve to
closed position.
12 HYDROGEN sw (1 and 2) Repeater 1t
ON position Actuates shutoff valve to
open position,
Normal position Removes power from shutoff
valve solenoid.
OFF position Actuates shutoff valve to
closed position.
13 'EVENT INDICATOR flags Indicates position of hydrogen | Indicated by
(hydrogen 1 and 2) and oxygen shutoff valves. reduced inten-
(oxygen 1 and 2) sity of asso-
ciated sw
position
14 PART PRESS CO, meter Provides partial pressure Repeater
readout of CO, in suit circuit meter
atmosphere.
15 TEMP meter Repeater Temperature and pres-
meter sure sensors not normal
to suit are provided in
SUIT meter Provides temperature read- simulation at air inlet to
out of suit supply manifold. pressure suits, These
sensors are used to indicate
CABIN meter Provides average tempera- conditions to instructor.
ture readout of cabin
atmosphere.
16 PRESS meter Repeater (Same as for 15.)
meter
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Table 1-32. Spacecraft Panel 13—Controls and Displays (Cont)

Key

Instructor

Nomenclature Function an i Remarks
Visibility

16
(cont)

17

18

19

20

21

22

SUIT meter Provides pressure readout
of suit circuit atmosphere
at demand regulator sensing
port.

CABIN meter Provides pressure readout
of cabin atmosphere.

WATER-QUANTITY meter | Provides readout of waste Repeater
or potable water quantity as meter
selected by H,O IND sw.

GLY ACCUM-QUANTITY Provides quantity readout of Repeater
water-glycol in accumulator. meter

CABIN TEMP-AUTO Permits manual adjustment Repeater
thumb wheel of cabin temperature auto- display
matic control unit,

CABIN TEMP sw Repeater 1t

HEAT position Closes heat exchanger
temperature control valve
and decreases amount of
cool glycol flowing to heat
exchanger,

Normal position Removes power from valve
actuator.

COOL position Opens temperature control
valve and increases amount
of cool glycol flowing to
heat exchanger.

CABIN TEMP sw Repeater 1t

MANUAL position Removes power from tem-
perature control unit per-

mitting manual control of

water-glycol temperature

control valve.

AUTO position Applies power to glycol
temperature control unit.

H,O IND sw Selects waste or potable Repeater It Switching action of IOS
water for quantity display indicators enables
meter. instructor to override
display presentation as
selected by trainee,
This action does not
effect SCM displays.

. . . continued
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Table 1-32. Spacecraft Panel 13—Controls and Displays (Cont)

Nomenclature

Function

Instructor
Visibility

Remarks

23

24

25

26

27

SUIT EVAP TEMP sw

HEAT position

COOL position

Normal position

SUIT EVAP TEMP sw

MANUAL position

AUTO position

GLY EVAP TEMP sw

HEAT position

COOL position

Normal position

GLY EVAP TEMP sw

MANUAL position

AUTO Position

VOX SENS thumbwheel

1-124

Actuates evaporator water
inflow valve closed to
decrease water flow in suit
heat exchanger.

Actuates water inflow valve
open to increase water flow
in suit heat exchanger for
evaporative cooling.

Removes power from valve
actuator.

Removes power from tem-
perature control amplifier

and applies power to SUIT

EVAP TEMP-HEAT-COOL
sw.

Applies power to temper-
ature control amplifier and
removes power from HEAT-
COOL sw.

Actuates back-pressure
control valve closed to
decrease rate of evaporation
in water-glycol evaporator.

Actuates back-pressure
control valve open to increase
rate of evaporation in
water-glycol evaporation.

Removes power from valve
actuator,

Removes power from back-
pressure control unit and
applies power to HEAT-
COOL sw.

Applies power to back-
pressure control unit and
removes power from HEAT-
COOL sw.

Adjusts sensitivity of voice-
operated relay.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater
indicator
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Table 1-32. Spacecraft Panel 13—Controls and Displays (Cont)

Instructor

Key Nomenclature Function Visibility Remarks
28 INTERCOM BALANCE Adjusts balance between Repeater
thumbwheel received signals and inter- indicator
com bus signals.
29 VOLUME thumbwheel Adjusts volume of audio Repeater
signal. indicator
30 INTERCOM sw Repeater It
T/R position Permits headset to receive
and transmit over intercom
system.
REC position Permits headset to receive
only outputs of intercom
system.
31 POWER sw Repeater It
PTT position Applies power to audio
center.
VOX position Closes VOX control cir-
cuitry and applies power to
audio center.
32 VHF/AM sw Repeater 1t
T/R position Permits headset to receive
and transmit over VHF/AM
equipment.
REC position Permits headset to receive
only over VHF/AM equipment,
33 S-RAND sw Repeater 1t
T/R position Permits headset to transmit
and receive over S-band
equipment when in voice
mode.
REC position Permits headset to receive
only over S-band equipment
when operating in voice
mode.
34 HF sw Repeater 1t
T/R position Permits headset to transmit
or receive over HF receiver
in AM or SSB mode.
REC position Permits headset to receive
only output of HF receiver
in AM or SSP mode.
35 AL 2 1t (IOS ONLY) Indicates that astronaut

loop 2 is in use,

Operates in conjunction
with console communica-
tions system AL talk-
listen keys.
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Figure 1-36.
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Table 1-33. Apollo Guidance Computer —Display and Keyboard Panel—

Controls and Displays

F X Instructor R Kk
Key Nomenclature unction Visibility emarks

1 COMP FAIL It When on, indicates AGC Repeater 1t
has failed.

2 CHECK FAIL 1t Indicates improper operating Repeater 1t
condition in DSKY program.

3 UP TEL sw Repeater 1t Upper half of these two indi-
cators repeats SCM UPTL
sw position. Lower halves
are actuated under program
control and indicate func-
tional status of AMS with
respect to block uplink
function.

ACCEPT position Allows AGC to accept data
received on up-link,

BLOCK position Prohibits AGC from accept-
ing up-link information.

4 BRIGHTNESS thumbwheel Controls AGC DSKY It Repeater 1t
intensity.

5 KEY RLSE pushbutton Releases registers 1, 2, Repeater 1t In event that keyboard is
and 3 from displaying key- failed or AGC is off, key-
board data and allows board repeats will still be
displays of program data. present at IOS but KEYBOARD

ACTIVE light will not be on.
(Also applies to 6, 7, 8, 9,
10, and 11.)

6 ERROR RESET pushbutton Causes lighted computer Repeater 1t
alarm displays to go out.

7 ENTER pushbutton Causes data or noun/verb Repeater 1t
command to be entered in
computer.

8 NOUN pushbutton Prepares computer to accept Repeater 1t
noun code.

9 VERB pushbutton Prepares computer to accept Repeater 1t
verb code.

10 CLEAR pushbutton Allows erasure of erroneous Repeater 1t
number keyed during data
loading.
11 0-9 pushbutton Enter octal code of decimal Repeater 1t
digits keyed.
12 REGISTER display (1, Display selected source Repeater It I<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>