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INTRODUCTION 

This handbook contains a de tail ed desc ription of, and complete ope rating instruc tions for, the Lunar 
Module (LM) Mission Simulator. The handbook comprisl:'s two volumes: volume I, LM Mission Simulato r Des­
cription, and volum e II, Simulator Ope ration. Volume I is inte nd ed to completely familiarize th e instruc tor 
with the LM Mission Simulator (LMS), the simulated subsys te ms, and the training activities to be pe rformed . 
Volum e II is int('nded for use by the instructor as a workbook; it contains the information r equired to sC't up and 
run training exercises . 

Volume I contains three sec tions : Sec tion 1, Simulator I)('sc ripli o n; Sec ti on 2, Subsystem Simulation ; and 
Sec tion 3, Training Activities. Section 1 desc ribes th e LMS configuratio n and function. All s imulator pPculiar 
controls and indicators are illustrated and desc ribed in de tail. Sl'C tion 2, familiariz es th e instructor with the 
methods used in the LMS to accomplish LM subsystem simulation. Section 3 pres ents the info rm a tion r<>quired 
by the instruc to r to s e t up a comprehensive series of LMS training exercises. 

Volume II contains seven sections: Sec tion 1, LMS OpPration: Sec tion 2, Malfunc tion Data; Section 3, Lunar 
Landing Mission Procedur es : Sec tion 4, Inte rfac e Ope rations; Section 5, Instructo r Mate rial; Secti on 6, Script­
ing Data Sheets ; and Sec tion 7, Simulator Output Tabl es. Section l contains step-by-step procedures r equired 
to bring the simulator up to a state of operational r eadiness. Section 2 pr es ents a co mpl e te list of malfunctions 
available for inse rtion in the training exercises. Sec tion 3 contains detail<'d sequences of nominal and non­
nomina l c r ew tasks performed during a lunar landint~ mission. Section 4 contains the setup procedur es per­
form ed by the instruc to r fo r LMS-AMS, LMS-MCC , or LMS-AMS-MCC integrated ope ration. Sec tion 5 
contains instructor r efe r enc e material to be used in setting up training exe rcises . Sec tion 6 contains the 
primary materials used by the instruc tor to organiz(' and conduct LMS training runs. Section 7 is a list of LMS 
program symbols and their definiti ons. 

Frequent refe r e nc e is made, in the handbook, to Apollo Operations Handbook , LMA790-3-LM2. These 
refe r ences direct the reade r to detailed descriptions of the LM controls , indicators, and subsystems. LM 
Abbreviation List, LLI 790-1, supplied as a supple m ent to the instructor's handbook, defines the abbreviations 
used on the LM program, including those peculiar to th e LMS. 

xiii 
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Sl•:CTION l 

SIM ULATOH J)f,:SCHIPTION 

1. 1 PURPOSE AND SCOPE. 

This section desc ribes the LM Mission Simulator (LMS) configuration and function. All controls and indi ­
cators, peculiar to the LMS, except those in the simulated LM cabin, are illustrated and described in detail. 
Controls and indicators in the simulated cabin are treated generally here in; for detailed information, refer to 
Apollo Operations Handbook, LMA790-3-LM 2. 

1. 2 GENERAL DESCRIPTION. 

The LMS is a fixed-base training devic e that can simulate the characteristics of LM subsystems perfor­
mance and flight dynamics. LM flights are simulated in a one-gravity environment by means of computer­
controlled simulation of subsystem parameters, flight dynamics, and visual perspective. Observation and 
control by an instructor are accomplished at a station remote from the simulated LM cabin. The LMS provides 
training for LM flight crew astronauts in the operation of LM subsystems, in space navigation, and in crew 
procedures for space missions. Training includes basic manipulative skills in LM operation, basic LM sub­
system operation procedures for all significant mission functions, crew response to mission contingencies, and 
integrated exercises directly involving Mission Control Center (MCC) facilities, the Apollo Mission Simulator 
(AMS), and the flight crew. In addition to normal operation, the LMS simulates malfunctioning subsystems and 
degraded subsystem performance. Specific training modes may be categorized as follows: 

• Crew procedures - Training in crew procedures for accomplishing mission events and subsystem 
servicing 

• Typical mission - Training in solving typical mis s ion problems, and accelerated-hme performance 
of a variety of complete training missions 

• Typical integrated mission - Training in flight crew/ flight controller closed-loop interface proce­
dures for typical mission situations 

• Specific mission - Training in flight crew practic e of each specific LM manned flight and all 
projected normal and contingency variations 

• Subsystem procedures - Training as defined in e nc ompass ing those LM subsystem procedures that 
are reiterated throughout the mission: that is, to use the subsystems, check subsystem status, and 
alter subsystem mode of operation. 

A general-purpose dig ital computer is used for all computations. The programs written for the computer 
determine the completeness of simulation, dynamic r esponse, and accuracy of results. 

There are two cnrnple te LM simulators: one is at Mann<'d Spacecraft Center (MSC), Houston, T exa s: 
another one, at Ke nnedy Space Center (KSC), Cape Ke nnedy, Florida. The config11ration of both simulators is 
essentially the same. the only significa nt diffe r ence is in facility lay out. 

Each LMS cons ists of a s imulated LM ca!Jin, instructor console, telemetry console, equipm ent cabinets, 
and external visual di splay equipment (EVDE ). The arrangement of the LMS al the sites is shown in figures 1-1 
and 1-2 . The equipm ent s hown in figun's 1-1 a nd 1-2 is identified by unit number and listed in tabl e 1-1. Be­
cause the installations at the training sites are s imilar , the MSC installa tion (fih•1.1re 1-1) is described; differences 
in equipment layout at KSC are indicated. 

The physical arrange me nt of the LMS pr ov ides din' ('! line's of personnel commu nicati on, computer commu­
nication, and ease of maintenance. The total available an'a is used to provide a logica l arrangement with 
adequate provisions for training mission pe rsonne l a.nd obsprvers. The main entrance aisle provides access to 
the instructor's console, which serves as the control ce ntc' r for the LMS. The instructor s can monitor all 
activities from this location, observing personnel at t.hc LMS cabin, the status of the periphf'ral computing equip­
ment, and personnel ente ring the computer area. 

The LMS cabin and EVD E are on a cement slab of th(' enclosure floor, which provides physical s tability and 
support. The cabin and EVDE are the bulkiest portions of the LMS: They are located in the high-boy area 
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aidjacent to the large access doors . The r emaining equipment, located on computer-type flooring for ease of 
.nterconnection, is of modular construction and, ther efor e, can be r earranged over the life of the program. 

A logical equipment communication scheme is inherent in the arrangement. The LMS cabin equipment and 
the EVDE connect to junction panels located in adjacent equipment cabinets. From there , the signals are routed 
to appropriate portions of the computing equipment, to the analog-to-digital converters, and, then, to the 
digital computers or other areas, such as the instructor or telemetry consoles. The signals from the digital 
computers are routed back to the junction panels, or to the AMS digital computer, when operating in the inte­
grated mode. Such an arrangement minimizes the cabling require ments of the entire LMS. 

1.3 POWER 

The LMS operates on a 120/ 208-volt , 60-cycle, three-phase, four-wire, grounded system, with a separate 
115-volt, single-phase service supply . The service supply provides power to convenience outlets and a 26-volt 
d-c utility power supply used to sequence power turn- on . Power is routed into a main power cabinet from the 
wall box ins tallation. Total power consumption, under normal conditions with all equipment turned on, is 
approximate ly 255 kilovolt-amperes. 

LMS power is divided into two categories: simulator power and utility power. Simulator power is routed 
through the main power circuit breaker. The 115-volt, 60-cycle utility power is independent of the main circuit 
breaker. Utility power feeds the convenience outlets and the d-c power supply. The 26-volt d-c power supply 
is used to sequenc e simulator power turn-on; to light status, cabin overhead, and emergency off lamps; and to 
energize relays. 

The LMS has a sequential power turn-on system that reduces initial turn-on line surges and permits individ­
ual major subsystems to be turned on or off as required. The sequential power turn-on system can be operated 
in two modes: manual or sequential. In the manual mode, each subsystem is turned on independently; this mode 
is especially useful during maintenance. In the sequential mode, the life support buses are energized imme­
diately; then, at 10-second intervals, the remaining subsystem buses are energized automatically. The LMS 
power system is described in detail in paragraph 1. 8. 1. -1. 4 FUNCTIONAL EQUIPMENT GROUPS. 

To facilitate presentation of the functional description of the LMS, a breakdown of the equipment according 
to functional groups and their relationship to each other is used. The breakdown separates discrete groups of 
equipment into logical task categories and permits a highly integrated equipment/ function discussion. The 
primary equipment group breakdown is as follows: 

• Control and monitor group 

• Sensory group 

• Data-processing group 

• Ancillary group. 

The functional equipment groups are desc ribed in detail in paragraphs 1. 5 through 1. 8. 

1. 4.1 LMS FUNCTIONAL BLOCK DESCRIPTION. 

All blocks shown in fi gure 1-3 , except for the program control area, result from a basic functional hard­
ware orientation (component/ complex areas) . 

Within the program control area of figure 1-3, system programs and control programs that constitute LMS 
SLlftware requirements (s imulated LM subsystems and environments) are reflected. The purpose and perfor­
m:tlll"l' uf each soft wan' block is discussed in its assigned paragraph, subordinate to the subsystems (software) 
dt' scriptions. Tu reduce int e rface complexity , hardware/ software relationships are coded with large open 
arrows to relate hardwar e signa l/control interfaces; smaller flow lines show program interdependence. 

Because figure 1- 3 establishc>s the r equirements for spec ific functi onal equipment categories and logically 
develops the hardware/ software relationship, it defines the simulation task. Therefore, the block diagram not 
only provicle1,; an over all system concept , but permits correlation between simulation tasks and simulation 
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T able 1-1. LMS Equipnwnt Arrangeme nt 

Nomenclature 

Cabin cr ew station 

Compressor cabinet 

Landing and a scent image gene ra­
tion unit 

Rende zvous and docking image 
generation unit 

Spacecraft position indicator 

Instructor console 

Autotransforme r cabinet 

Tdc> m0try console 

lnt cr fa.c· c cabi1wts 

Description 

LMS cabin si mulates LM cabin area; contro lH and dis­
play s are mounted in same configuration as those in 
LM. In addition, structure includes closely r e lated 
support equipme nt cabinet racks. Two suit pressur­
ization control pane ls are mounted on structure, be­
hind clear glass door s . 

Co mprPssor cabinet houses four motor-dr iven a ir 
compr essors a nd glass- lined, 30- ga llon reserve supply 
tank to supply compressed air for pressure suits. 
(Building air may be used in place of compres.sed 
air.) Filte rs, r ebrulators, and plumbing associated 
with compressed air supply are also in thi s cabine t. 

This structure houses lunar mode l and three -axis 
tra nslational drive assemblies that provide visual 
effects in simulation of landing a nd ascent. Image 
generation unit consists of movable model of lunar 
s urface and optical probe de vice that forms lunar 
image and distributes it to cabin windows. 

Thi s st ructure provides darkened environment for two 
CSM mode ls, which serve as r e ndezvous targe ts. 
Mode ls are observed by mobile came ra, which trave ls 
along track to s imulate approach to docking. The 
two mode ls are of diffe r e nt s i ze, to accommodate range 
of foc us field. Scale of CSM model used for docking 
i s 1:20; for r endezvous, 1:80. 

Thi s unit provides instructor with visual indication of 
simulated spacecraft orbital position. It traces simu­
lated tra jectory with moving spot of light ove r pro­
jected map like display of earth or lunar surface. 
During r e ndezvous, two s pots (CSM a nd LM) are 
traced. 

Thi s console has operating positions for Mission 
Coordinator , Com mande r Ins tructor , Systems Enginee r 
Ins tructor, and Suit T echnician . Conso le has r e ­
peaters of all LM cabin control s a nd r eadout s, a nd 
subsyste m contr ols fo r entire s imulato r comp lex . 
Mounted on ins tructor console , but not part of it, arc 
two closed- circuit EVDE TV monitors. 

Thi s unit hou ses 125- kva autotransfo r mer, which 
s<'lcct s a nd s tabili ze.s main input powe r supp ly to LMS 
complex. 

This t·onsolo prov ides controls and displays for 
TP l1 ·111dry In s tru ctor to moni to r any of app r oximately 
SOO ;111a lo~ t e lemetry data channe ls, and to maUunction 
:is many as 8 l>i !Pvel and 8 a na log; c hannels simulta­
nPnusl y. 

TIH'S<' doulJJ,,-width cabinet s co ntain cablP termination 
tappr pin jaL·ks that arc usC'd fo1· s ignal pat chin f! b0~' 
t wt't' n di ~ital conversion equipment and rPmainder of 
LJ\·tS comµ lPx. 

1-7 



Unit No. 
(Figures 

1-1 and 1-2) 

31 

32 

33 

36 

37 

38 

39 

40 

42 

43 

1-8 

LMA790-2-LMS 

Table 1-1. LMS Equipment Arrange me nt (cont) 

Nomenclature 

Simulation, checkout, and training 
system (SCATS) interface cabinet 

Communications unit cabinet 

Aural cue and malfunction inser­
tion unit (MIU) cabinet 

Power cabinet No. 1 

Power cabinet No. 2 

Power cabinet No. 3 

Visual driv<' cabine t No. I 

Visual ctriv<' cabinet No. 2 

Digital bit output (DBO) cabinPt 

Digilal bit input (DBI) cab in('( 

Description 

This cabinet houses ti e -in equipment for data linkage 
between LMS complex and MCC. 

This cabinet houses audio a nd channel-switching e4uip­
ment required to simulate various voice and signal 
transfers between LM, CSM, and earth tracking ne t­
works. 

This cabinet houses the logi c circuitry required lo 
inte rface' with the malfunction insertion and display 
units at instructor conso le, and some printed ci r c uit 
cards for a ural cue sys te m. Cards include white 
noise sources, voltage-controlled filters (YCF), and 
voltage-controlled attenuators (YCA) to provide realisti c 
and synchronized acoustic environment within LMS cabin. 

This cabirwt houses main input powe r feed and master 
brPaker (1,000 amperes) for entire LMS complex, and 
circuit breake rs for eac h major 115-volt a-c powe r 
bus (including life s upport, utilily powe r, periphe ral 
powPr, data conversion equipment (DCE), computer 
complex, E YDE, and 400- and 800-cycle generators). 

This cabinet houses only circuit breake rs and the +14-
-14-, and 26-volt d-c power s upplies. Largest circuit 
breaker is 300-ampere unit for EYDE 115-volt a - c 
s upply. Small circuit breakers are for branches of 
main power bus (located in Unit No . 36). 

This cabinet is used for normal LMS startup. It houses 
switch lights that remotely control breakers for each 
major subsystem, running-time meters that monitor 
each power subsystem, and instrumentation to monitor 
voltage, current, fre quency, and phase of input power 
for LMS. Autosequencer in cabinet is used to start up 
entire complex, automatically delaying each subsystem 
to avoid current surges and to ensure dependent power 
interlock. A 26-volt d-c power supply in addition to an 
instrumentation converter is also mounted in this bay. 

This cabinet house's 6 data receiver (D/ R) converters 
for EYDE driver, 22 iso lation amplifiers that a c l as 
buffer be lwN•n computer l'OmplC'x analog-to-digital 
(A/ D) P<J.uipment and EYDE, and 42 e lectronic sy nchro 
drive r printed c ircuit cards with a s soc ia ted pow Pr 
supply. 

This cabirwt housPs 22 digital rPsolve r converters 
that convPrl diJ!;ital data from adjoi11in1~ DWOD unit 
(Nu. 44) to a-c signals, appropriate ly sca led to drivP 
synl'hro n•so lvPrs of EYDE . 

This cabin<'I houses DI3O equipnwnt capable of handling-
488 chanrwls (387 functional and 101 spare). 

This cabi rH't housP S print ed c ir cuit cards and equip­
nwnl lo at·com111ud:1tl' 576 ch:rnrw ls (508 fu nctiona l and 
68 spart•). with gruwth capability t o accommodac p :1s 
many as 720 channPls . Sharing cabi ne t space are 9 
DWI chanrwls (8 funcii onaland 1 spa r e ). ea ch a cce ptin~ 
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Table 1-1. LMS Equipnlf'nt Arrange nwnl (c;onl) 

Nomenclature DP s<· 1·i pl iDn 

Digital word output direct (DWOD) 
cabinet No. 1 

Digital word output r e lay (DWOR) 
cabinet No. 1 

Digital word output relay (DWOR) 
cabinet No. 2 

Pulse code modulation (PCM) and 
central timing equipment (CTE) 
cabinet 

Digital-to-analog converter (D/ A) 
cabinet 

Analog-to-digital converter (A/ 0) 
cabinet 

Input/ output (I/ O) control cabinl'l 

P ower unit 

Trajectory buffer and stabi liza I ion 
a nd control sect.ion (SCS) inpul 
cab inet 

24 disc r e lt' inpul lines; rac k space is prnvidi>d to add 
another 12 channe ls. 

This cabinl'l houses 30 direct di~ita l output channels 
with gr owth capacity t o 64 line s. Discre te sig-nals 
fr om the DWOD are conve rted as inputs to EVDE 
r esolve r drive c ircuits. Data re gisters to DWOD 
are buffe r ed with isolati on amplifiers befor e tie -in 
t o EVDE. 

This cabine t houses printed cir cuit cards and equip­
ment to process bilevel outputs from comput e r as 
comple te digital words, rathe r than on indi victua l b it ­
by-bit basis. Common app lications require r elay 
buffering to assure continuity of signal during repeti ­
tive digital computat ions . 

Thi s cab inet is s imilar to cabinet No . 1 (unit No . 45 ). 
It houses DWOR printed circuit cards with maximum 
to tal capacity of 128 channels . 

This cabine t houses highly stab le, t e mperaturc ­
t·o111p0nsatcct oscillator that provides for ne cc,ssary 
synchr oni zati on of a ll clements of LMS comp lex. 
ExtPrnal maste r sync signal s are provided to LMS 
wllC'n usrct in inlcg-ratcct mode. These signals integrat e 
a ll LMS e lement s to common chronologica l time base 
and synchronize two co mputer processors. 

Thi s cab inet houses 320 channe ls of D/ A conversion 
printed c ircuit card s (with provision for maxi mum .of 
34 5 ch:ume ls) that providf' necessar y conversion from 
di gital cal culations of compute rs to variable leve l 
analog s igna ls required by LMS instrume ntation . 

The r e a r e 64 channels (27 functional and 37 spare) of 
conversion e quipme nt house d in this cabine t (with 
additional card ra ck s lots) fo r a maximum of 160 
c ha nne ls. 

This cabinet hous es commutation sequencing equip­
nH' nl that contro ls loading of input and output data inlL> 
(' hannPls ,>f d igita l data c.on \'crsion Pqu ipment. All 
l'O nversion P(J uipnwnt dcvit'C'S are loaded undpr pro­
µ: ra m l'ontrol from I 'O r outines sto r ed in com pute r 
l '<l lllJ)il'X. 

Thi s l' abilll'l houses two D 'R l·onvP rlPrs fo r E VDE, 
:lllcl individual c ircuit brf'aker s to protect elements 
of di~:ita l conversion Pq uip ment (DC E) . 

This double-bay cabinl'I houses timin µ: ci r cui ts a nd 
lluff, · r rPµ: istPrs to accept trajectory data fr om com­
put pr l'll lllJll C' x (in bit parallPl, serial word form), and 
furm:1l ii (seria l bits) for transmission to MCC. Th<' 
SCS porlit1n inl'ludes timinp; pulse gc• nerat or and 
l'oun t in g- n'g-istPrs to int0g- r a le short-cturatiun s i!,;nals 
fr o n1 LMS cabi n hand controllers. 
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- Table 1-1. LMS Equipm ent Arrange ment (cont) 

....-------.--------------------.--------------------------, 
Unit No. 
( Fibrures 

1-1 and 1-2) 

65, 66 

68, 69 

70 

71 

72 

73 

74 , 85 

75 

76 

1-10 

Nomenclature 

X-T r ecorde rs 

X- Y plotters 

Eve nt r ecorder and audio tape 
recorder 

Lunar landmass simulator (LLS) 
computer cabinet 

Lunar landmass simulator flying 
spot scanner unit 

Card punch units 

Peripheral inte r face units (PIU) 
A and B 

Ce ntral pr ocessor unit A 

Shared periplwral inte rface unit 

Description 

LMS compl('X includes two Brush r ecorder s , which plot 
tracks of variable analog da ta {X) on fixed time base 
(T). Recording pape r drive speed is se lec ted to pro­
vide variablP time base. X-plot is selected at diffe r­
ent scale factors. Recorde r ope r ation and pa ramete r 
selection are normally unde r program control through 
punched cards. 

Two dual-pen servo-driven plotting r ecorde r s perma­
nently r ecord trace of bifunctiona l r e lationships. 
Paramete r pair s to be traced a r e selected by pr ogram 
control at compute r input devices . 

Event r ecorder is 20-channe l bileve l r ecorder, wh ich 
plots digital status on constant running t ime base . 
(Speeds can be selected.) Dual-head audio tape r e ­
corder automatically transfers between two tape heads 
to provide uninte rrupted recording throughout training 
mission. 

This cabinet houses s olid-state e lec tronic circuits 
for combining and processing video data de rived from 
flying spot scanner outputs. Multiplexing of these 
s ignals and trigonometric transfo rmation of e le vation 
data is accomplished with LLS compute r cabinet. 

This cabine t houses optical equipment fo r simulta­
neously scanning dual factored transparencies. These 
photographic plates carry coded e levation data of 
segments of the lunar surface. Cabinet includes 
cathode-ray scanning equipment and associated high­
voltage power supplies, and output devices that com­
prise optical lens syste m and photomultiplier tube 
for two transparency plates being scanned. 

Both card punch units include the ir own powe r supply, 
power control circuits, and logic signal conditioning 
equipment . 

Each cabinet houses identical equipment to pr ovide 
for fanning out of co mpute r interface co nnections. 
This is accomplished by diode gate cards terminating 
in compute r se nse lines . Each PIU cabinet contains 
inte rrupt line logic cards, direct memor y access 
assembly and control unit, and its own power supply. 

Part of LMS co mpute r complex (DDP- 224 central 
a rithmetic processor). Centra l processor unit A has 
core me mory capacity of 40, 960 words . Each central 
procC'ssor executes it s progr a mm ed inst ructions 
indepe ndently of the other. 

Thi s cabine t houses s eve ral common channe l devices 
usC'd by both co mpute r s . ThesP include fully bufff' r ed 
c hanne l; rc•al time clock; int e rfa cp Pxpansion lo~ic 
and it s assoc ia ted power s upply: interface circuits for 
(':t rcl r eader, card punch, and line printer: and two 
timC' multiplex ing unit s for card r eade r and card punch. 

J 
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Table 1-1. LMS Equipn1 P11t A,· ra11 ~<·n w 11 l (C'on t ) 

Nomenclature Desc ription 

Centra l processor unit B This unit is s imila r to centra l processor unit A (No. 
75), except for larger cor e me mory of 49,152 words. 
Both share 8, 192 words of common core memory, 
for total of 98,304. 

Card reader unit Card reader unit includes inte rnal power supply, 
data handling logic , and switch panel to control its 
fun ctions. 

Line printer units Two high-speed line printe r unit s provide progr a m med 
printouts at 300 line s pe r minute . Paper supply 
magazine may be loaded with multiple carbon to print 
several copie s at one pa ss. 

Console unit A This console unit houses bas ic controls for it s a ssoci ­
ated DDP-224 computer. Cons ole pane l has indicator s 
for arithmetic and control r egiste rs. Typewrite r is 
mounted on writing s urface . 

Console unit B Thi s console unit i s essentially identi cal with console 
unit A (No . 80). 

Magne tic tape units 

Magnetic tape units control 
cabine t 

Sha red access distribution unit 

Ce ntral procf'ss or unit C 

Per iphera l inte rfa ce unit (PIU) C 

Exte rnal vis ua l display f' quipme nt 
(EVDE) , left -hand window unit 

Left - and right -window EVDE star 
display e lectr onics cabine t 

Mission effects proje ctor uni t 

These two dual- magnc ti c- tapc transport cabine ts 
house r ead-write contro l logic circuits and assoc iated 
e lectronic signal processing . One time multiplex 
unit s e rve s each ha lf of dua l units. T ape data may be 
used to initialize simula tion problem or to r ecord 
data during tra ining mis sion. 

This cabinet house s two tape control chassis; each 
ope r ates one dual tape transport unit and two line 
multiplex w1its , pe rmitting independent ope r ation of 
each dual transport. 

This cabine t houses flip-fl op r egiste rs and decoding 
logic to e stablish joint cor e me m ory, s ha r ed by cen­
tral proce ssor units A and B a nd fully buffe r ed cha nnc l 
equipm ent. J oint access of these devices to comm on 
cor e is r egulated by priority logic cir cuit within this 
unit. 

Thi s DDP-224 rnm put e r is ISLGC. (Infor mation will 
be s upplied a t late r date.) 

Provides fo r fann ing out of centr a l pr ocessor uni t C 
(un it No. 87) inte rface connections. 

Thi s unit hous es composite vis ua l i mage- generating 
N[uipm cnt, ess e ntia lly identical with ri l,{ht - hand di s ­
pb y unit (No . A25 , A27, A28). 

Th is cabine t houses contro l chass is for indi victua l 
i111a 1:<' f'.P ne rat o r s of left and r ight di sp lay windows . 
Contro ls fo r illu mina tor s, ce l0sti a l s phe r e. :rnd 
occ ulation m :isk a r e included. 

Thi s sln1ctun' houses film-pr ojl'ctint-; equipllll'lll f,n· 
prnj ,• <·lin ~· vi ;; ual d isp la ys of lunar and <.'ar th Sl'l'nC's, 
whil'h ar <' pi ck<'d up by closed- circuit TV fo r input to 
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A.. Table 1-1. LMS Equipment Arrangement (cont) .... .-----.------.-----------, 

-

e 

Unit No. 
(Figures 

1-1 and 1-2) 

A5 (cont) 

AlO, 
All 

A13 

Al4 

Al 7, A18, 
A19 

· A20, A23 

A21, A22 
A34 

A25, A27, 
A28 

A26 

A33 

A40 

1- 12 

Nomenclature 

Rendezvous and docking electronics 
unit 

Landing and ascent control elec­
tronics and lunar model and drive 
electronics cabinet 

Landing and ascent probe elec­
tronics cabinet 

Alignment optical telescope (AOT) 
star display unit 

Overhead and alignment optical 
telescope electronics cabinets 

External visual display equipment 
overhead window unit 

External visual display equipment, 
right-hand window unit 

TV ca mera control cabinet 

Signal and power distribution 
cabinet 

External visual display equipment 
power cabin0t 

Description 

optical system of EVDE. Indexing of appropriate film 
slide to be viewed is under computer control. 

Twelve identical illuminator controllers are mounted 
in this unit. They provide high-current lamp intensity 
modulation when driven by control signal outputs 
from compute r complex . SeVfiral illuminator power 
supplies are also housed in this unit. 

This cabinet houses signal-processing circuitry a nd 
related camera and servo-controlled equipment. 

This ca!Jinet house s equipment to drive simulator and 
logic signals for landing/ ascent probe . 

This unit house s servo-driven starfield simulation 
equipment, including illumination sources for realistic 
celestial field and occultation equipment to duplicate 
e clipse effects . 

This cabi net houses equipment to provide control sig­
nals for displays that are visible through LMS cabin 
overhead window. 

This unit houses visual display generator system 
similar to left- and right-hand window units, except 
for lunar surface display. 

This equipment (like left-hand EVDE) generates com­
posite visual display, which incorporates earth and 
lunar images, celestial field, and projected television 
view of CSM for r endezvous maneuvers. These images 
are combined in lens- mirror system that yields visual 
image display to crewmembers. 

One bay of this cabinet houses seven duplicate came ra 
control units and four electronic special effe cts 
chassis. Adjoining bay includes TV power distribution 
controls, sync circuit chassis and monitor kinescope 
unit. 

This dual-bay cabinet houses switching panel and 
several independent signal distribution units . 

This dual-lJay cabinet houses main switche s and moni­
torint~ instruments for power distribution within EVDE 
and seve ral indi victual power supply units. 



-Fr =i£ 

LMA790-2 - LMS 

LMS COMPUT E R COMP L EX 1-
~ 

I. OOP - 22 4 COMPUT ERS 8. CONSOLE TYPEWRITERSi . ~ 

E XTERNAL V I SUAL S IGNAL -
2 COMMON CORE MEMORY 9. CARO READER 
3. FULLY BUFFERED CH ANNEL 10. CARO PUNCH I E~F A CE CO MPLEX 

DI SPLAY EQUIPMENT CONDITIONING 4 . 0 IRECT MEMORY ACCESS It . LI NE PRINTE R u • s -w. sc-(EVDE J (CF El EQUIPMENT 5. TIME MULTI PLEX UN I TS 12 . MTU CONTROL UNITS 

I. M1SSION EF FECTS 
6. WORD FORMING BUFFER 13. REAL-T IM[ INTERRU PT 

, 
L 1' ~.!....~ t"T - i'I< DATA 

PROJECTORS ® CONTROL B OX LINK 
-----

7. ACCE SS DISTRI BUTION UNI T k" "-- "-'-= A L E L·TO· 

..... 2.CELESTIAL S PHERE 
/ PR OGRAM CONTROL 

AMS COMPI TER LINK .) > £ " A~ CO'- VE RTER 

~ 
-

8 WI N DO W DI SP L A YS r 
" t:. $~;. .t.._- TQ· 

3 .L ANOING 8 ASCENT 
"\ 

F.L;..!.. __ :::\. CONV. 

MODEL 

C L I '~ : =? t E R S 

4. RENDEZVOUS a 

I 2 . ?Cll - E LE ME 'H 

DOCK ING MODEL ' '7 j 
l):s -.11 

l 
3- •1 1: £ _ OP TIE · '• 

i.-

ELE.:TR I CAL POWER 
- -· L MS -.!. V 5 

l tlSTR U CTOR CO NSOLE D C E 
. 

LIGHTING 
STABILIZATION 8 1. ! -:::~ss~ ..... _.t.~OR 

SUBSYSTEM ( EPS) 
. CONTROL ( S SC ) 

! PROPUL SIGN ~, .. 0 , 
I CAB IN STATU S REPEATER 

C-'-- L _, , -< 

INSTR UMENTS 8 DISPLAYS 0 I. BATTER Y SIMUL ATION 
I. NORMAL MODES 

(PROP) ,, -;: :, => a - ,:) MODE 

2. SI MUL ATOR STATUS 2 . ELECTRICAL POWER 
2 .CO NTROLS a 

. .:· : ::: - : - ::, IE- l 'J 

+-- f-t 
- S IMUL ATOR DI SPLAY S 

I.ASC ENT ENG i l'<E @ L~~Si 

a.MA STER CO NTROLS DISTRIBUT ION LOG IC . 2 .DESCENT EN GINE 

b TRU E TRAINER ENVI- 3. CAUTION 8 WARN I N G ,--t 
MASTER ' 3. CONTROLS 6 

I -.---. -~ 
RONMENT DI SPL AYS LIG HT LOGIC TIMING 

.... . DI S P LAYS 

c. DA TA ACQUI SITI ON SYS. @ I 
. 

!DAS I CO NTROLS 
AL L _ 

@ 
3. COMMUNI CATIONS .r SUB SYSTEMS 

a. I NTER PHONE ENVIRONMENTAL l -I 

D. I:-JTER COM IGFE) 
0 1 AG NOS TICS ' ' 

c INTERFAC E 8 CONTRO L 
CONTROL SUBSYSTEM - SUPP L EMENTARY @ 

4. MAL FUNCTION (ECS) D I S PLAYS ON · LINE COMPUTER EXPLOSIVE 
~ :: L EM ETRY 

IN SERTION UNI T (MIU ) 0 I. WATER GLYCOL SYS. 
OFT· d NE COMPUTER ' : ::,sc!... E 

, . MALFUNCTION DISPLAY 2.SUIT CABIN SY S. 
l MIU · MDU ON · LINE SIMULA TOR DEVICES (ED) '-- ~ El. elf £ , qy MONITORS 

UNI T ( MOU) ® 14-- 1-t 3. 0X YGEN SYSTEM 
Z. RECOROERS OFF -LINE SIMULATOR 

6. TIME DISPL AY UNIT S 4. WATER MANAGEME NT 
3. TRUE TRAINER ® 

2:;,;,, : 7 !I "'ALFUNC-

ALL PROGRAMS. ... 
H 7. NAVIG ATION 6 

rI Ji) 
ENVI RONMENT 

T'Oi , :)11,T~O LS 

GUI DANCE CONTROLS 
4. PR OBLEM CONTROL 

I . . 3 V .!._ ~ -"-'CT tO N 

6 DI S PLAYS 
5 MA NUAL DATA S I MULATOR © : s= _A Y U '- IT I MOU) 

8 POSIT ION INDIC ATOR 
INSERTION UNIT ' -. \t: :J ISPL AYS 

9. VISUAL MO NITORS 0 
6. MA RK ER ROR 

CONTROL 

~~ 
l. @ 

14----t If-

IQ ATTITUDE HANO 1-t 
COMMUN IC ATIONS 7. LMS POSITION I. EXECUTIVE SY S AURAL CUE 

CON T~OLLER i.-= - INDICATOR 2. CO MPUTER 110 
SUBSYSTEM I @r 3. SIMUL ATOR l/0 L. . II. MAN UAL DATA INSER -

TION UNIT I DSKY) I ANTENNA EQUATI ONS I 12 UTILITY CO NTROL S OF MOT ION L-!J WEIGHT 6 

a AC -DC DI MM ING 2.POWER 8 SW I TCHI NG 
. I+- ~i 

b. TR UE READI N G 
ABORT 

,_ BAL A NCE 
LOG IC ": 

rl I -- GU IDANCE 
;:R:-:R!.V ) i: p~ DEN CE ,.... 

c. EMER GENCY OFF 
CONT ROLS SECTION 14-'-

I3. 0ATA ENTRY ANO 

SIGl~ A 

DISPL AY ASSY I OEOA) EPHEMERIS 
INTEF =.:. :~ 

G) I H TELEMETRY CONSOLE © r.:"\ 

i+=- CONT ROL PR OGRAM 

..:,) 

- INTERFA C E @ . 
L M C AB I N i.-. 

L U NAR EQUATIONS . rx zxix::'0Xs) 
- LANDMASS ® 

I. STRUCTURE 
I.LMS - AMS 1 ~:x 12J'13I14J'.1 sx ,~ 

o. SH ELL 
2 .L ... S- MSC ' 

. b. BASE,REAR STA IRS PRIMARY GUIDANCE I!- - 3. LMS - AMS-MSC TRUE MOTION 
=X ·~J'.201'.2 ,!22~ 
~ ~ 

8 PLAT FORM a N AVIG A TIO N 
. 

c. FORWA RD 8 OVERHEAD 
,_ lo l TRANSL AT IO N AL , Y.2Y;Y4Y,w 

HATCHES ·-
d EV DE STRUCTURAL ® 'r40~ 

I. LM GUIDANCE INST RUMENTAl ION 
IDI ROTATI ONA L G ® ~ 
lcl TRAN SFORMAT ION I"' J: , i i 14J1s""'x16X 11J 

~ 
ll'<TE RFACE WINDOWS 

COMPUTER I LGC) (I NST) 

8 TELESCOPE ~ 2. INERTI AL MEA SUR EMENT SUB-
I Id) CSM 14- ,__.. ~""Y.f?1.!_IT.~2'f@ 

2. INTERIOR FURNISHINGS 
UNIT (lMU) I. PCM TELEMETRY S'YSTEMS .L 

I t ) REL ATIVE 

3 . CONTRO LS,INSTRUMENTS 3.RENDEZV OUS RADAR (RR) n . 2. TIMING I 
EQUAT IONS 

AND PANEL S 4 LA NDING RADAR I LR ) EL ECT RONICS 
EVDE- DRIVE LMS POSITION ® @ 

4. ENVIRONMENTA L 5.AO T MARKE RR OR EQUATIONS INDI CATOR 

a. AIR-CONDITIONING " 
b. SUIT PRESSURIZ ATION ~REAC T ION CONTROL ~ 

5. AURAL CUE SPEAKERS © 
6. DA TA STO RA GE EQUIP. @ 0 €) 0 @ @ ® 

• SUBSYSTEMS (RCS) (eJ9 "'f1i 'fo""'j1 4)(1 G) 

I @ {:!l2I~Y~ Yr2~ 

• • ,. ·~ ' ' t I 0 ~ 
DIGITAL CONVERSI O N 

• EQUIPMENT (DCE) l® I OPERAT IONAL AMPLIF I ERS, DEMODULATOR S 
DI GI TAL WORD INP UT 
DIGITA L SW ITCH OUT PUT ' 

SERVOAMPL I FIERS, LAMP DIMMERS, 
/ SI M UL A TOR POWER 

DIGITAL TO RESOLVER CONVER T ERS 
DIGITAL WORD OUTPUT DIREC T 

AUDIO PRE AMPLIFIERS, AUD IO AMP , 
DA TA ACQUISITION SYSTEM (DAS) 

DIGITAL WORD OUTPUT RELAY LUNAR LANDMASS 1 EQUIPM E NT 

LA!olP DRIV ERS, RELAYS, SCALE CARDS, 
ANALOG TO DIGITAL SI MULATOR (LL S ): I SI M ULATOR POWER 

VOLTAGE COl<TROLLEO ATTENUA1"0RS 
I .MAGNETIC TAPE UN ITS (MTU) 

DIGIT AL TO ANAL OG 2. AIR - CONDITI ONING 

WH ITE NO ISE GE NERATORS, OSCILLATORS 2. TIM[ HISTORY RECORDERS 
M IU· MOU CONTROL I.FLYI NG SPOT SCANNER 

RESOLVER DRIVE RS, FILTE R CARD S ' 3. X-Y PLOTTERS 
CENTRAL TIMING EQUI P. 2. FACTORED TRA NSPARENCY 

3. MAIN TE NAN CE 

4.EVENT REC ORDER S 
DI GIT AL SWITCH INP U T :l VID EO PROCE SS OR S 

STA TU S CONTROLS 

5 YOICC RECORDER 
DIG ITAL TO RESOL VER CONV . 4.COMPUTATION HARDWARE i S 6 C HANO CONTROLLE R (ONV. 

l T 
[ PRIMARY I 

POWER SM DP- 4 

Figure 1-3. LMS Funclional Block Diagram 
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1. 4. 1. 1 LMS Mission Phases. 

The LMS is a complex o[ equipment that t•nablcs astronauts and 1~rouncl personnel to undergo tralnin~ that 
simulal.<' S manned f'arth - orhital, lunar-orbital, and lu11ar - la11rling niissions. This training includes lh<' follow -
1ng mi ssion phases, a.:-i r<'quircd 1'01· Pach typt • of mi ssi1111: 

• Translunar - LM s ul>sysl<'nts chc·ckoul 

• Circular lunar orbit - LM subsy st()m chPckoul and readiness 

• Separation and descent orientation 

• Coasting descent - tranfcr orbit 

• Powered descent to hover 

• Hover and landing 

• Postlanding checkout 

• Lunar-stay preparations 

• Lunar-stay activities within LM 

• Preascent checkout 

• Powered ascent 

• Coasting ascent - transfer orbit 

• Rendezvous 

• Docking 

• Circular and elliptical earth orbits 

• Synchronous orbit 

• Parking orbit. 

1. 4. 1. 2 LMS Modes of Operation. 

Due to the commitment of LM, command module, and ground personnel training r equirem ents (besides 
operating independently), the LMS can simulate LM earth-orbital , lunar-orbital, and lunar-landing missions ; 
it operates in four modes, as follows: 

• LMS independent 

• LMS-MCC 

• LMS-AMS 

• LMS-AMS-MCC. 

1. 4.1 . 2. 1 LMS Independent Operation . 

The primary purpose of LMS independent operation is to provide crew training in lunar-stay activities 
within the LM . During a LMS independent (nonintegrated) training session , the LMS instructors have comple te 
control of LMS ope ration. With the MODE SELECTOR switch on the instructor console set to LMS ONLY, 
switches on the PROBLEM CONTROL panel control operation of the LMS during the various mission paramete rs. 
Equations of motion for the CSM are comput<'d within the LMS complex, transmission of telemetry data betwee n 
the LMS and MCC is halt ed. and simulated radi o com1mi11ication between LMS-AMS -MCC is terminated. 

1. 4. 1. 2. 2 LMS-MCC Ope r a tion . 

In the LMS-MCC mode, the procedure for establishing CSM-to-ground communication status in the AMS is 
used for LM-to-ground communication status . The procedure consists of sending data from which that status 
can be computed, to MCC, and having MCC pe rform the subsequent calculations. This latter task falls logically 
to MCC because it controls sequencing of remote sites, and the LMS has no knowledge of which remote sites 
are operating. LM communication status is computed at MCC and sent to the LMS instructor console. 

LMS computer status and time r efer e nc e arc transmitted together with traj ec tory data to permit MCC to 
evaluate and use the received traj ec tory data in r eal time. The LMS and MCC compute LM traj ectory informa­
tion in parallel; computations in the LMS are used to determine trajectory during astronaut-initiated maneuvers; 
computations at MCC are used to determine traj ectory during- ballistic flight. In the LMS, translation and 
rotation are computed at high iteration rates (IO/ second and 20/ second), and r ealistic simulations of the Main 
Propulsion Subsystem; Guidance, Navigation, and Control Subsystem ; and Reaction Control Subsystem a r c 
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A included. Thus, during the thrusting per iod , the LMS computation of trajectory is quite accurate; it is used to 
.. update MCC equations. During ballistic flight, the LMS trajectory computations are updated to agree with MCC 

computations, and the LMS math model includes transformation of MCC trajectory data to the LMS coordinate 
system, logic that modifies LM position, and a discrete that defines the beginning of LM ballistic flight. 

CSM trajectory and orientation are calculated in the LMS in any non-AMS mode. These data are sent to 
MCC, in the LMS-MCC mode , to provide a complete simulation of both vehicles at MCC during such important 
mission phases as lunar orbit and rendezvous. 

1. 4.1. 2. 3 LMS-AMS Operation. 

In the LMS-AMS mode, the LM-to-CSM communication status is computed in the LMS and sent to the AMS 
for the AMS instructor's information. Similarly, CSM-to-LM communication status is computed in the AMS 
and sent to the LMS for the LMS instructor's information. LM communication status with the ground stations is 
computed in the LMS and sent to the LMS instructor's console. 

LMS computer status and time reference are transmitted together with trajectory data so that the AMS c:rn 
use the data properly. Similarly, AMS computer status, time reference, and trajectory data are required by 
the LMS. In a simulated mission, when the CSM and LM are docked initially, both computers are started from 
the same initial condition, but the AMS computer trajectory is used as ·a "master" trajectory to update the LMS 
equations until separation. Because the time of LM separation cannot be predicted accurately, all data transfer 
between the AMS and LMS, r equired for LMS initialization, is transmitted continuously while the LM is attached 
to the CSM. CSM velocity, attitude, and position are sent to the LMS to initialize the LM equations of motion 
at separation and to provide CSM data for the LMS after separation. CSM body (B)-frame to inertial earth (IE) 
or inertial moon (IM)-frame direction cosines are sent to the LMS so that CSM attitude with respect to LM body 
axes can be computed in the LMS after separation. The direction cosines are considered preferable to the 
Euler angles for this purpose. To meet the LMS position indicator/ recorder and visual system requirements, 
CSM inertial longitude is also r equired by the LMS before separation. 

When the LM is docked with the CSM, the AMS equations of motion compute combined vehicle position and 
attitude. Because, in general, LM mass, center of gravity, moments of inertia, and products of inertia may 
change considerably during separation (in a manner unknown to the AMS), these parameters are transferred to 
the AMS from the LMS when the vehicles are docked. This transfer is accomplished in the same manner as 
transfer of the Reaction Control Subsystem forces and moments. The available LM fixed body axes weight and 
balance data are transferred to the CSM fixed body axes, where the transfer equations to be used depend on the 
relative alignment of the LM body axis system. In the LMS-to-AMS trajectory data flow, LM velocity and posi­
tion data are sent to the AMS on the assumption that the CSM is equipped with rendezvous radar. LM body 
(B)-frame to (IM)-frame direction cosines are sent to the AMS so that LM attitude with respect to the CSM body 
axes can be computed in the AMS for use by the AMS visual equations. 

1. 4.1. 2. 4 LMS-AMS-MCC Operation. 

In the LMS-AMS-MCC mode, the CSM position and attitude data transmitted to MCC, in the LMS-MCC 
mode, can be sent directly from the AMS to MCC ; the data are deleted from the LMS-MCC data flow. Because 
of differences between the LMS coordinate system used for LM translational motion computation and the coordi­
nate system used in the AMS and at MCC, the following ground rule has been adopted for trajectory data fl ow 
during integrated operation: data from the LMS to the AMS and MCC, and from the AMS and MCC to the LMS , 
are transmitted in the common AMS and MCC coordinate system. Transformations required to transform the 
LMS trajectory data to this form or to transform the AMS and MCC trajectory data to the LMS coordinate 
system are performed in the LMS. 

During the LMS-AMS and LMS-AMS-MCC integrated training exerc ises, the AMS generates the trajectory 
profile for all missi on phases during which the LM is attached to the CSM. MCC furnishes trajectory data to the 
LMS to update the LM trajectory, if necessary. The LMS furnishes trajectory data in a format and at a sampling 
rate for conversion into ground tracking data for real-time input to the MCC computer complex. The LMS 
supplies position and attitude data to the AMS computer complex, from separation to docking, to drive the AMS 
visual cue, simulated communication, and simulated radar systems. Conversely, the LMS receives appropriate 
data from the AMS to drive (in synchronization) the LMS EYDE and simulated radar system. Signal conditioning 
is accomplished at the interface to accommodate an effective integration. In addition, the LMS provided MCC 
with on-off discrete control words to indicate spacecraft radar beacon operating status, to inform MCC that 
tracking is possible. 

1. 5 CONTROL AND MONITOR GROUP. 

-- The control and monitor group consists of the instructor console, telemetry console, 
sy;;tem, and int erface complex discussed in paragraphs 1. 5. 1 through 1. 5. 4. 

data acquisition sub-
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1. 5. 1 INSTRUCTOR CONS OL I.,; . 

The LMS ins truc tor console (figure J - 4) is a U- sliapPd 8l r uc lu rc cksi~ned tu accomm oda te two ins truc tors 
and two support personnel. ll occupies approxi ma te ly 22 feet cnd - to- (•nd in the wrap -around confi brurallon. 
Each cons ole s ection has independent flu orc8ccnl overhead lighting, and storage s pace unde r the desk area. 
The console contains r epeate r displays of the ins truments within the s imulated LM cabin and additional controls 
and displays to enable the instructors to effective ly monitor and direc t training s ituations. 

The controls and displays on the instructor console panels enable the instructor to control the simulator, 
monitor the performance of the flight crew astronauts, provide aural and visual cues for system management, 
insert initial conditions and/ or malfunctions, freeze the training mission, and rec ord crew performance and 
flight parameters. Television monitors for obse rving the four window displays to be presented to the flight 
crew, and a spacecraft position indicator, are mounted on top of the console . 

1. 5. 1. 1 Performance Monitoring . 

The instructor console is monitored by a Mis sion Coordinator , a Comma nder Instructor , a Syste ms 
Engineer Ins tructor , and a Suit Technician. A Telemetry Ins tructor is a t a separate console . 

The Miss ion Coordina tor monitors tra inee power , se lec ts the inte rface mode (LMS -AMS , LMS- MCC, etc), 
s ets the initial condition, a nd controls the running of the problem. In addition to thes e specific r esponsibil ities , 
he can monitor the ove r a ll proble m (repeate r s, malfunctions , communications, e tc ), a s nece s s a r y, to e nhance 
efficient a nd effec tive tra ining . 

The Comma nder and Systems Engineer Ins truc tor s monitor the ir r espec ti ve fli ght c r ew as tronauts. For 
this purpose, each has cabin r epeater instrum ents and li ghts, switc h pos ition indicators , and the space flight 
pos ition indica tor. The instru ctors also have control r espons ibilities. Each can insert ma lfuncti ons , time 
events , and fail cir cuit breakers. 

The Suit Technician monitor s suit and cabin te mperature , suit pressure , and suit airflow. He controls 
suit pressure and the pressurization rate. 

The Telemetry Instructor can monitor pr oblem malfunctions, inse rt malfunctions, and monitor trans mis ­
sion status , bilevel gr oups, digital words, and analog channel malfunctions. 

In addition to the personal instruction given the flight crew, the instructors have access to records of the 
mis sion and performance . These records help in evaluation of each mission and add to the overall effective­
ness of training . The foll owing recording devices are available : 

• A dual-head tape r ecorde r provides a pe rm anent record of Commander / System s Engineer, and 
fli ght crew/ instructor , conversation. The ins tructor ca n selectively rec ord continuous ly or only 
during voice t ransmission. 

• Two X-T r ecorde r s provide a r ecord of va riable quantities agains t a time base (chart speed ). 
Each X-T recorder has e ight channels and two time channe ls . The Sy s te ms Engineer Instructor 
can mark each X-T recorder by activat ing the appropriate switch on his RECORDERS panel. 
These marks fac ilita te r e fe r enc ing the r ecorded data , espec ia lly if the instructor uses a coding 
sys te m for the marks . Typical variables programm ed to be r ecorded a r c: tota l mass of the 
vehic le , axis pos ition of a hand contr olle r , p rope llent quantity, a ncl a tti tude with r e spect to a 
s pec ific r efer c-nce system . 

• Two X-Y plott e r s pr ov ides a r ecor d of n m' va riab le aga ins t anothe r va ri able. There are two 
X- cha nnPIS and lwo Y-cha nnc ls. T hi :,; fact, c oupl ed with a large pape r size (11 x 17 inches) 
re s ult s in an inhe re nt r ecording accuracy mu ch g r ea te r tha n that of the X- T r ecorde r s . The 
foll owing arc representa tive of the va rial>ll's that ca n be r ecorded : range vs . range rate , a ltitude 
vs. dis tance to luna r landing si te. a ltitude vs. altitude ralc-, and re lat ive d istanc e between the 
simulated CSM a nd the LM during r endc-zvous . 

• A 20-channe l eve nt r ecorder provi cks a r ecord of di sc r 0lc events aga ins t a t ime base. The event 
recorder is parli.cularly useful in rPcording s pec ifi c procedures and sequ ences . For exa mple, 
the switch sequence for je tti son during ascPn l s la~ing· cou ld be r ecorded . Anothe r c-xampl e would 
be the r ecording of c r ewmembcr rc•ac li on lo a malfunc tion in a dua l sys tem (such a s the Reac tion 
Control Subsys te m ); the sequence of swil chin i~ lo lhe alt cn1atc syste m would be r ec or ded along 
with the crewmembe r' s reac ti on time . 
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- 1. 5. 1. l. 1 CSM 6 V Chan,;(' Capability . 

The instru ctor's 6 V controls are primarily intended to give the instructor the added capability of posi tion­
ing the CS M (within certai n limits) out of plane with th e LM position before start by the r endezvou s and docki ng 
maneuvers. The controls are on the CSM CONTROL pa ne l of the ins tructor console. Combined use of t he 6 V 
INSERT s witches with the selectable TRANSLATION RATE X, Y, Z digiswitches on the CSM control panel 
provides the trans lation rates necessary to accomplish CSM pos itioning . 

CSM attitude control is governed by the attitude m ode selected and the CSM attitude hand controller located 
immediately in front of this pane l. The three TRANSLATION RATE, X, Y, and Z s witches on th e CSM 
CONTROL panel are used to alter the inertial velocity of th e CSM alont~ th e r espectivP ax is in positive or 
negative directions. The refere nce axis is paralle l to the inertial nonrotating moon or earth fr ame , depending 
on the miss ion . These switches liave a range of 0. 00 to 9. 99 feet pe r second in 0. 01 -foot-per- sPconcl inc r e ­
ments. One 6 V input , or all thr(',• simultaneously, may be inserted. Eac h tim e the INSERT button is pn'SS('d, 
an incrementa l ve loc ity eq11 ivalent i o the control set.tin[-!: is e nt e r ed along the se lec ted ax is . 

Attitude chant,;es may be visually monitor ed at the TV monitors or at the FDAI on the fli[;ht control panel. 

l. 5. 1. l. 2 Spacecraft Position Indicator. (Se<' figure 1-5.) 

The spacec raft position indicator is not part of the inst ruc tor console, but is opera ted by the instructor in 
conjunction with U1e console . The instructor can display the curre nt position and mis sion mode of the CSM and 
LM on U1e s pacecraft position indicator sc r een. Manual controls enable powe r switch in[;, automatic manual 
mode switching , backgr ound selection, and s pot position control. The controls and di s play s of the spacecraft 
position indicat or , and the ir fun ction, are listed in table 1-2. 

Thl' spacecraft position indicator is a mechanical/ optical projection system . Two s pot projectors indicate 
curr ent pos ition of the LM and C'SM . A background pr ojector provides the necessary mi ss ion refere nce infor­
mation. 

Tlw system cons ists of a display surface and projectors incorporated into a single unit mounted in its own 
a cabinet. This cabinet a nd a cabinet of assoc iated electronic equipme nt constitute th(' total equipm ent r equir ed 
W for the spacecraft position indicator. It ope rate s in automatic and manual modes . All input s ignals r equired 

for the indicator in its automatic mode are provided by the LMS computer in analog form . 

The ma nua l cont rol panel pe rmits manual operation of the indicator for powe r switching, automatic/ manual 
mode switching, background select ion, and spot position control. The panel is m ounted below the projector 
display area, under a cover that conceals the controls. Equipment status indicators, also be low the proj ector 
d isplay area, are visible at all times . 

The projection system consists of the following: 

• Two spot proj ector s (servo -driven in X-axis and Y-axis) 

• A background projector and slide magazine with a maximum capacity of 48 slides. (Magazine is 
not l oaded to capacity; curr e ntly , 21 s lides are used.) Projector can select 29 slides automatical ­
ly (by c omputer) or they can be selected manually. 

• Electronics for control and switching of the projectors 

• A manual cont rol panel 

• Backp·ound slidef' 

• Equipme nt status incticatu r s . 

Ea ch split projt>c t ion co1lfurms ! n the foll owing moti nn and tule rance r equire ments, as measu r ed on the 
display s urface fnr each axis of spu t motiun. 
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Maximum Ji 1ll'a r t1·acki 11g spl'<'ci 

Maximum skw spped 

Static ac curacy 

Velocity constant 

3 inclll' S jll' r S('COnd 

1 5 inc ll('s per second 

-LO. 1 inc h 
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1. SPARE 16. AUDIO PANEL 29. SPARE 
2. SPARE 17. SPARE 30. CCS KEYSET PANEL 
3. CONSOLE LIGHTING PANEL 18. COMMANDER CIRCUIT BREAKER 31. EVENT TIMER PANEL 
4. CCS KEYSET PANEL STATUS AND CONTROL PANEL 32. TIME DISPLAYS PANEL 
5. EMERGENCY PANEL 19. DSKY PANEL 33. MAIN PROPULSION PANEL 
6. SPARE 20. MISSION TIMER 34. PARAMETER DISPLAY PANEL 
7. SIMULATOR STATUS PANEL 21. SPARE 35. ENVIRONMENTAL CONTROL PANEL 
8. SPARE 22. WARNING PANEL 36. ENGINE THRUST CONTROL PAt<tfl 
9. AURAL CUE PANEL 23. EXPLOSIVE DEVICES PANEL 37. REACTION CONTROL PANEL 

10. INTERFACE CONTROL PANEL 24. FLIGHT CONTROL PANEL 38. CDR TRANSL CONTROLLER PANEL 
11 . PROBLEM CONTROL PANEL 25. COMMANDER CIRCUIT BREAKER 39. TRUE INST READING PANEL 
12. SPARE STATUS AND CONTROL PANEL 40. SPARE 
13. SPARE 26. EYDE VIDEO SELECT PANEL 41. RADAR PANEL 
14. LIGHTING PANEL 27. LEFT LAMP TEST PANEL 42. STABILIZATION CONTROL PANEL 
15. AOT MARK ERROR PANEL 28. CONSOLE LIGHTING PANEL 43 . HEATER CONTROL PANEL 

44. SE TRANSL CONTROLLER PANEL 
45. TRUE INST READING PANEL 
46. SPARE 
47. MALFUNCTION DISPLAY UNIT PANEL 
48. MALFUNCTION INSERTION UNIT PANEL 
49. PARAMETER CONTROL PANEL 
50. CAUTION PANEL _. 
51 . SPARE 
52. AUDIO PANEL 
53. ENGINE THRUST PANEL 
54. ELECTRICAL POWER CONTROL PANEL 
55. FLIGHT CONTROL PANEL 
56. SYSTEM ENGINEER CIRCUIT BREAKER 

STATUS CONTROL PANEL 
57. EVENT TIMER PANEL 

.58. COMM INTERFERENCE PANEL 

.59. RECORDERS PANEL j 
,60. CCS KEYSET PANEL • 
,61. EVDE VIDEO SELECT PANEL 
,62. RIGHT LAMP TEST PANEL 
,63. COMMUNICATIONS PANEL 
,64. SPARE 
,~5. COMMUNICATIONS ANTENNAS PANEL 
,66. LIGHTING PANEL 
,67. ECS VALVE POSITION INDICATORS 
,68. SPARE 
,69. CSM CONTROL PANEL 
70. SPARE 
71. SPARE 
72. DEDA PANEL 

73. TRUE TRAINEE ENVIRONMENT PANEL 
74. CONSOLE LIGHTING PANEL 
75 . EVDE TV MONITOR 
76. TV CONTROL PANEL 
77. POSITION INDICATOR 
78. POSITION INDICATOR CONTROL PANEL 
79. EVDE TV MONITOR 
BO; TV CONTROL PANEL 
81. COMMUNICATIONS CONTROL PANEL 
82. COMMUNICATIONS CONTROL PANEL 
83. HAND CONTROLLER 

LMS-1 -1 

Figure 1-4. LMS Ins tructor Console 
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Figure 1- 5. Spacecraft Position Indicator Control Panel 
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Table 1- 2. SpacPcrafl l'<>slt.!011 l11di<:at.or, Conlro ls and Displays 

Control or Display 

SYSTEM POWER STATUS switches 

120V 60 ~ 
-10 VDC 
115V 400~ 
+28 VDC 
-6. 3 VDC 

SPOTTING PROJECTOR NO. 1 

BLOWER FAIL switch 
LAMP FAIL switch 

SPOTTING PROJECTOR NO. 2 

BLOWER FAIL switch 
LAMP FAIL switch 

MANUAL CONTROL MODE switch 

EXTERNAL POWER circuit breaker 

120V 6 ~ 
-10 VDC 

BACKGROUND PROJECTOR switch 

SPOTTING PROJECTOR NO. 1 
switch 

SPOTTING PROJECTOR NO. 2 
switch 

HORIZ knobs (two) 

VERT knobs (two) 

QUIET MODE switches (two) 

MANUAL SLIDE SELECT knobs 
(two) 

Function 

When illuminated, indicates presence of various voltages 

Press-to-test switches; indicate blower or lamp failure 

Press-to-tes t switches; indicate blower or lamp failure 

When illuminated equipment can be operated manually 

Apply external power 

Turns on background projector 

Turns on spotting projector No. 1 

Turns on spotting projector No. 2 

Horizontal drive control for spotting projector No. 1 or 2 

Vertical drive control of spotting projector No. 1 or 2 

Turns on QUIET MODE lights in each projector 

Manual controls for changing slides 

P rec ision background s lides for thC' display sy::;t0m arC' provided in the backgr ound pr ojector carouse l. To 
assure r C'pea tabilit.y and r egistration accuracy, it is r e com me nded that these s lides not be removed. If they 
must be r emovC'd , check that they arc r eturnC'd to the ir original carousel locations and are not switched fr om 
system to system . The s lides are photographic r eporduclions on s pec troscopic emulsion mounted on glass. 

The spacecrait position indicator is in two cabinets. One cabine t contains all of the e lectronic equipment 
associated with the display unit. the other contains the display unit. The e lec tronic cabinet houses the e lectro ­
nic equipment on standard 19-inch electronic equipment racks . 

The front portion of the display cabinet is supported by the instructor console 61 inches high. The rear 
portion of the display cabinet is support ed by the e lectroni(' S cabinet. 

The e lectronics cabinet has doors on both s ides to provide full access to the equipm ent and cabling. The 
viewing screen is tilted forward at an angle to pe rm it satisfacto ry view ing by an instructor seated at the con­
sole and an observer s t.anding 15 feet from the display su rface. For fo rced-air ventilation, the cabinet has 
inlet grills and exhau st blowers to c irculat e conditirnwd r oom air through the unit. The cabinet is dust t ig·ht. 
Heated exhau st air is exter nally expelled at the top. All intake and exhaust ope ning are filtered. The cabinet 
has casters and levelini; jacks; a reinforced me tal base permits lifting fr om underneat h by means of a forklift. 
The cabinet is secured together and equipped with a grounding stud to prevent. dange r of electrical s hock. 
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The interface between the LMS and the spacecraft position indicator has the following electrical character­

- istics: 

Command signals (analog) 

Signal referrncc and gr ounds 

Servo refcrenr. c voltages 

D-C signal return 

Chass is ground 

Source power (primary a-c power) 

Variable betwPen O and -10 volts de; 0. 025% accuracy ; 
1. 5K-ohm source impedance. Load impedances arc 
equal to, or p;reater than, 50K ohms . Inline scale 
adjustment is provided al load location. 

-10 volls de al 0. 01 % regulation 

Single-wire rf'turn for system ground 

Single wire for earth ground 

120 volts ac, 60 cps, single phase , at approximately 
4,450 volt-amperes 

Requirements for other voltages are fulfilled from internal power supplies. 

A utility electrical power circuit, included in the equipm ent, is independent of the master power switch. 
The circuit contains a trouble lamp and dual outlets that accept three-prong grounded plugs. The utility power 
c ircuit is connected directly to the simulator utility powe r circuit through a separate three-wire cable and 
cohnector. 

The folded optics for the background projector consist of two factory-set first-surface mirrors that, in 
normal use , require no adjustment. Occasional cleaning (dust removal with a camel's-hair brush) is r equired 
during periodic maintenance. 

Care should be taken to prevent dislocating the mirrors; if, however, the image on the viewing screen is 
displaced, adjustment of the IJottom mirror is all that is necessary. 

1. 5. 1. 1. 3 TV Monitors. 

The TV monitor controls are shown in figure 1-6; they are listed, with their functions, in table 1-3. 

1. 5.1. 2 Instructor Console Panels. (See figure 1-4.) 

The panels of the instructor console, and their function, are listed in table 1-4 . For detailed illustrations 
and descriptions. refer to paragraph 1. 9. 

1. 5. 2 TELEMETRY CONSOLE. 

The telemetry console acts as a ground support station (fib'l.lre 1-7) in that telemetry signals from the LMS 
are continuously monitored by the telemetry console operator. The operator maintains contact with MCC during 
LMS training exercises . He can insert faults into the telemetry measurement data output from the various 
subsystems and can dis play the resultant malfunctioned data, the true data, or the data with malfunction remov­
ed. as desired. 

'f'h<' telemetry data an• lransmillPd by hard line to MCC with the sam e accuracy as the actual LM telemetry 
!:iystem. The LMS can trans mit 51. 200 or 1. 600 bits per second, in serial form, to MCC through line drive rs. 
The tC'lemetry output (eight-bit words) is capable of, but not limited to , a rate of 6, 400 telemetry values per 
sc•cond, amounting to transmi ssion of 51. 200 bits per second. A flow diagram of the telemetry signals is s hown 
in fi~Ul"(' 1-8 . 

ThP tckmctry console pp1·forms the followini; functions: 

• Monitors all telPmdry data bC'forc conversion to final PCM telemetry format 

• Monitors LMS instru111Pntation control and switch positions that govern PCM rates and modes 

• In s<~rts faulU; into the LMS tele metry systC'm (except LGC) 

• Displays the fault - modifiC'cl data 
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(lo be s uppl icd) 

Figure 1-6. TV Monitor, Control Pane l 

Table 1-3. TV Monitor , Controls 

Function 

(Information to be s upplied when available) 
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Table 1-4. Instruc tor Conso le Panels 

....._,, 
Figure 1-4 
Index No. Panel Function 

1 Spare 

2 Spare 

3 CONSOLE LIGHTING Floodlighting and ind icator lighting 
controls (left portion of console) 

4 CCS keysel Provides simulator a udio se!Pctions 
(pos ition 520) and call a lnt (visua l and aural) 

5 E MERGENCY Emergency turn-off switches for 
EVDE and LMS compl t?x 

6 Spare 

7 SIMULATOR STATUS Indicates subsystem power and 
computer status 

8 Spare 

9 AURAL CUE Controls audio le vel in cabi n 

10 INTERFACE CONTROL Establishes degree of integration 
with AMS a nd MCC 

11 PROBLEM CONTROL Establishes operational phases in 
the running of mission programs 
and displays initial conditions 

12 Spare 

13 Spare 

14 LIGHTING Switch-position repeaters of 
Commander's LIGHTING control 
side pane l 

15 AOT MARK ERROR Displays astronaut's s ight ing error 
of two stars 

16 AUDIO Switch-position repeaters of 
Co111111andc•r's AlffiIO Sf' lcc lion s id l' 
panf"l 

17 Spare 

18 Spare 

19 OSKY Fully operational r epeatt?r of 
Co mmande r' s DSKY pan£'!; instructo r 
may sf't in, or read out, guidanc e 
data just as astronauts do 

20 MlSSION TIMER Hl'pPa l f' r of cabi n MISSCON TIMER 
and controls 

21 Spare 
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Table 1-4 . Instructor Consol e Pane ls (cont ) 

Figure 1-4 
Index No . Pan,?! Function 

22 WARNING PANEL Repeate rs of WARNING annuncla-
tor pane l and Commander's 
MASTER ALARM light 

23 EXPLOSIVE DEVICES Repeaters of switch positions and 
flags on Commande r's EXPLOSIVE 
DEVICES panel 

24 FLIGHT CONTROL Repeaters of Commander's flight 
control instruments and related 
switch positions ; includes r epeaters 
of event time r controls and display 

25 COMMANDER CIRCUIT Switch-light fixtures for all of 
BREAKER STATUS Commander's side panel circuit 
AND CONTROL breakers. Illuminated switches fail 

any individual breaker and show 
status of all breake rs. 

26 EVDE VIDEO SELECT Selects astronaut's visual display 
fo r viewing on le ft console TV 
monitor 

27 LEFT LAMP TEST All panPl display lights go on in 
any of three zones on left half of 
instructor console. 

28 CONSOLE LIGHTING Controls dimming of console center 
section floodlight 

29 Spare 

30 CCS keyse t Provides simulator audio selections 
(position 518) and call alert (visual and aural ) 

31 EVENT TIMER Resettable e lectric timer for 
instructor's convenience 

32 TIME DISPLAYS Num erical r eadouts of various 
c hronological mission param eters 

33 MAIN PROPULSION Repeaters of cabin MAIN PRO-
PULSION pane l switch position and 
system inst rum entation displ ays 

34 PARAMETER Numerical r eadout of presel ected 
DISPLAY parametC' r s in com puter co r e 

me mory 

35 ENVIRONMENTAL R<'pl'ate r s uf ECS inst rume ntation 
CONTROL anct <"Ont n> l switc h positions 

36 ENGINE THR UST Hep1•alPrs of thrust contro l switches 
CONTROL Com mande r's thrust indicators 

I 

37 REACTION CONTHOL Hepf'a te r s of HCS switc h pos ition and I 
fl ags , as wplJ as RCS instrumentation I 
di sp lays I 

I 
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- Table 1-4 Instructor Co nsole Panels (cont) 

...,I 

Figure 1-4 
Index No. Panel Function 

38 CDR TRANSL CON- Pos ition display lights that indicate 
TROLLER when Commander's hand controller 

has bPen displac£'d from neutral in 
any one of three ,tx is 

39 TRUE INST READING Alternate-action sw itc h that cum -
mands nonmalfunctioned (correct) 
r eadings at all instrunwnl displays 
on left half of im;truc tur console 

40 Spare 

41 RADAR Repeate rs of radar control switch 
positions, displays of the radar 
component caution light, and signal 
strength meter 

42 STABILIZATION Repeaters of switch positions o n 
CONTROL LM stabilization control pane l 

43 HEATER CONTROL Repeaters of heater syste m contro l 
switches and related t emperature 
indicator 

- 44 SE TRANSL CON- Position display lights that indicate 
TROLLER " I• when Systems Engineer's hand con-

troller has been displayed from 
neutral in any one of three axis 

45 TRUE INST READING Alte rnate-action switch that com-
mands nonmalfunctioned (correct) 
r eadings at all instrument displays 
on right half of instructor console 

46 Spare 

47 MALFUNCTION Nume rical r eadouts display as many 
DISPLAY UNIT as 15 malfunction codes. Overflow 

display indicates that more than 15 
malfunc tions are active or pending . 
(maximum overflow display is 11. ) 

·, 

48 MALF'UNCTTON Multiplexed control g r o up that per-
INSERTION UNIT mits selec tion of manually initiated 

malfunction routinC's 

49 PARAMETER CON- S0lects display of a s many as 12 
TROL pr0pro~rammed param eter readouts 

:10 CAUTION RPpeate rs of CA UTION annunc ialo r 
panel and Systems Enginf'e r's 
MASTER ALARM light 

51 Spare 

52 AUDIO Rep( 'al e r indi cators of switch positions - SC'l eded al Systf'ms EnginePr's AUDIO 
panC'l 
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Figure 1-4 
Index No. 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 
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Table 1-4. Instruc tor Console Panels (cont ) 

Panel 

ENGINE THRUST 

ELECTRICAL POWER 
CONTROL 

FLIGHT CONTROL 

SYSTEM ENGINEER 
CIRCUIT BREAKER 
STATUS CONTROL 

EVENT TIMER 

COMM INTERFERENCE 

RECORDERS 

CCS keyset 
(position 519 ) 

EVDE VIDEO SELECT 

RIGHT LAMP TEST 

COMMUNICATIONS 

Spare 

COMM UNIC ATIONS 
ANTENNAS 

LIGHTING 

ECS VALV E POSITTO 
INDTCATOHS 

Func tion 

Repeate rs of Syste ms Enginee r 's thrust 
control switc hes and lunar c ontact 
annuncia tor 

Repeate rs of ECS flag-s. Instrume nt 
readouts , switc h settings, and com­
pone nt c aution indicators 

Repeaters of Syst e ms Engineer's 
flight control instruments and re­
lated switc h positions 

Switch-lig ht fixtur e s for all of Systems 
Engineer's side panel circuit breakers. 
Illuminated switches fail any individual 
breake r and show status of all 
breake r s 

Res ettable e lec tri c tim e r for 
instructor' s conve nie nce 

Controls to introduce variab le amounts 
o f noise and voic e disto rtion in voice 
co mmunication c hanne ls 

Instructor' s contro l s witches for the 
two X-T r ecorde rs , one event r e ­
corder, two X-Y plott ers, and voic e 
r ecorde r 

Provides simulato r audio s e lection 
and call al ert (visual and aural ) 

Selects astrona ut's visual displays for 
vie wing on right console TV monitor 

Illumina tes all panel display lights in 
a ny of three zo nes on right half of 
instructor console 

Repeate r s of swi tc h positions and of 
tape war nin1; fl a1; on Syste ms Enginee r' s 
COMM UN ICATIONS s ide conso le pane l. 

Rf' peatPr s of LM antenna panel indicators 
a nd o f pa ne l s wit c h se ttings. Two 
mete r s a lso indic ate the co ntro l pos itio ns 
for antPnna direc ting knobs 

RPpPatPr s of s witc h pos it ions se lected 
at SystPms En!{ineer's LIGHTING 
panf'l 

Li !{ htpd a nnunc iators disp lay ma nuall~· 
controll Pd va lve posit ions of ECS . 
Cabin a nd s uit tC'mpe r a tur C' co nt r ol 
SC' ttings a r f' dis playC'd 
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Table 1-4. Instructor Console Panels (cont) 

Figure 1-4 
Index No. Pa,w l Function 

68 Spare 

69 CSM CONTROL Digital and pushbutton switches to 
maneuve r and contr o l simulated CSM 
appearing in LMS training mission 
(when session does not r equire 
simulation integration with AMS ) 

70 Spare 

71 Spare 

72 DEDA Fully operational r epeate r of LM 
DEDA pane l; instruc tor may set in , 
o r r ead out, guidance data just as 
astronauts do 

73 TRUE TRAINEE Switches, r egulators, and indicators 
ENVIRONMENT with which Suit T ec hnician monitors 

and controls astronaut's suit pr es-
sure and temperature, as well as 
cabin temperature 

74 CONSOLE LIGHTING Floodlighting and indicator lighting 
controls (right portion of console) 

81 Communications P ermits instructors lo ti e into con-
and control sole communication system 
82 

83 Hand controller P ermits instructor to control attitude 
of CSM model during rendezvous and 
docking 
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Figure 1-7. Te lemetry and Simulated Real -World Subs ys te m , Bloc k Diagram 

,----

MCC-H 

• Accept s fault insertions into control m odes, suc h a s leve l c ha nge , fixed leve l s ubsti tuti on, drill 

rate superposition, channel loss , and inhibit word 

• Displays bilevel param C' te r s on indicat or lights 

• Trans mits data to MCC with framC' and word rat e ide ntica l with tha t of the LM 

• Se lec ts and displays d igit a l and/ or a nalog valuf' s 

• Controls and displays all r equirC'd normal and fau It-ins erted te le me try data (except L GC') 

• Monitor s MCC ti e -in control s 

• Indicates proble m lime . 

The loca ti on of the te le me try console contro l and dis play pane ls is s hown in fi gure 1-9 . Tht' panf' l s a r e 

ide ntified , a nd the ir functions i;iven, in table 1- 5. Till' individua l controls and ind ica tor s are desc ribed in 
para.graph 1. 10. 
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Figure 1-8, Te lemetry Signals and Measurements, Flow Diagram 

Table 1-5. Telemetry Console Panels 

Pane l Function 

Spare 

Spare 

Spa r l' 

TIM E DISPLAYS Shows sam e tim e readouts as dis played on instnic-
tor console> 

TRANSMISSION STAT US SC'le cts type of biomedica l data, and displays status 
of tt>l eme try and biom edical transmission mode 

Span' 

MALFUNCT[ON Shows ::;anll' numerical readouts of malfunct ion 
DISPLAY UNIT c nd es as di s played on ins truc tor console 

Spare' 
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Talll1• 1-5. T1·l e 1111ilry Con :-;olP Pan!ds (cont) 

Panel 

BI-LEVEL GROUP & 
DIGITAL WORD 
MALFUNCTION 

ANALOG CHANNEL 
MALFUNCTION 

ANALOG CHANNEL 
MONITOR 

BI-LEVEL GROUP & 
DIGITAL WORD 
MONITOR 

LAMP TEST 

Console communication 
system (CCS Keyset) 
{position 521) 

Spare 

EMERGENCY 

Spare 

CONSOLE LIGHTING 

Communications control 

Function 

Has e ight sets of controls to permit simultaneous 
simulation of onboard equipment malfunctions (64 
bilevel groups or 8 digital words) to be transmitted 
to MCC 

Has eight sets of controls to permit simultaneous 
simulation of onboard equipment malfunctions 
(eight analog data functions) to be transmitted to 
MCC 

Has eight display and control sets to permit 
simultaneous monitoring of status of eight analog 
data functions being transmitted to MCC 

Has eight display and control sets to permit 
simultaneous monitoring of status of eight bilevel 
groups or digital word functions being transmitted 
to MCC 

Tests all indicator lamps on telemetry console 

Provides simulator audio selection and call ale rt 
(visual and aural) 

Turns off power to entire LMS, except 115-volt a-c 
utility power 

Adjusts intensity of all indicator lamps and 
fluorescent flood lamps on te lemetry console 

Permits telemetry personnel to tie into console 
communication system . 

1. 5. 2. 1 Telemetry Digital Conversion Equipment. 

The telemetry console is tied to the computer complex to input malfuncti ons and output monitor data, 
through digital conversion equipment (DCE). The five input/output devic es used for these functi ons are as 
folfows: 

• Input : 

• Output : 

Digital word input (DWI) equipment 
Analog-to-digital (A/ D) conve rte r 

Digital bit output (DBO) equipm ent 
Digital word output relay (DWOR) equipment 
Digital-to-analog converte r. 

1. 5. 2. 1. 1 Digital Word Input. 

The 24-bit DWI connects to the telemetry console ha rdware, as follows : 

• Bit 1 - This bit is not used. 

• Bit 2 - This bit connects to the 16 CLEAR and 16 FAULT (PRESS FOR TRUE) switches in parallel 
on the bilevel group and digital word monitor and malfunction panels, and on the analog channel 
monitor and malfunction panels. 
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l . SPARE 
2. SPARE 
3. SPARE 
4. TIME DI SPLAYS PANEL 
5. TRANSMISSION STATUS PANEL 
6. SPARE 
7. MALFUNCTION DISPLAY UNIT PANEL 
8. SPARE 
9. Bl -LEVEL GROUP & DIGITAL WORD MA~FUNCTION PANEL 

10. ANA LOG CHANNEL MALFUNCTION PANEL 
11 . ANALOG CHANNEL MONITO R PANEL 
12. Bl-LEVEL GROUP & DIGITAL WORD MONITOR PANEL 
13. LAMP TEST PANEL 
14. CONSOLE COMMUNICATION SYSTEM PANEL 
15. SPARE 
16. EMERGENCY PANEL 
17. SPARE 
18. CONSOLE LIGHTING PANFI 
19. COMMUNICATIONS CONTROL PANEL LMS-1-101 

Figure 1-9. Tl'k melry Console 
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• Bit 3 - This bit connects to three diodes, each of which connects to a diffe rent drift rate contact 
of the e ight FAULT MODE switches on the ANALOG CHANNEL MALFUNCTION pane l. 

• Bit 4 - This bit connects to e ight DRIFT RAT E V/ SEC X. 001 contacts of the e ight FAULT MODE 
switches in paralle l on the ANALOG CHANNEL MAL FUNCTION panel , and t o the most significant . 
bit {MSB) (22) contact of the eight DIT digiswitches in parallel on the DI-LEVEL GROUP & DIGITAL 
WORD MALFUNCTION panel. 

• Bit 5 - This bit connects to eight DRIFT RATE V/ SEC X. 01 contacts of the eight FAULT MODE 
switches in parallel on the ANALOG CHANNEL MALFUNCTION panel , and to the center (2 1) c on ­
tact of eight BIT digiswitches in parallel on the BI-LEVEL GROUP & DIGITAL WORD MAL­
F UNCTION panel. 

• Bit 6 - This bit connects to eight DRIFT RATE V/ SEC X.1 contacts of th e eight FAULT MODE 
switches in parallel on the ANALOG CHANN EL MALFUNCTION pa ne l , a nd to the LSB (2°) contact 
of the eight BIT digiswitches in paralle l on the nI-LEVEL GROUP & DIGITAL WORD MALFUNC­
TION pane l. 

• Bit 7 - This bit connect s to e ight OFFSET contacts of the e ight FAULT MODE switches in parall e l 
on the ANALOG CHANNEL MALFUNCTION pane l, and to the e ight GROUP/ DIT switches in 
parallel on the BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION panel. 

• Bit 8 - This bit connects to eight FIXED contacts of the eight FAULT MODE switches in parallel 
on the ANALOG CHANNEL MALFUNCTION panel, and to the eight 1/ 0 switches in parallel on the 
BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION panel. 

• Bit 9 - This bit connects to eight CHAN LOSS contacts of the eight FAULT MODE switches in 
parallel on the ANALOG CHANNEL MALFUNCTION panel. 

• Bit 10 through 18 - Each bit connects to 32 c orresponding contacts on the 32 GROUP digiswitches 
in paralle l on the bilevel group and digital word monitor and malfunction panels. Bit 10 connects · 
to the most significant bit (MSB) contact of the leftmost module, bit 12 connects to the least 
significant bit (LSB) contact of the leftmost module, bit 13 connects to the MSB contact of the 
center module, etc , until bit 18 contacts to the LSB contact of the rightmost module of the 32 
GROUP digiswitches . 

• Bits 19 through 24 - These bits connect to a 32 x 6 event-to-binary diode matrix, with bit 19 con­
nected to the MSB and bit 24 connected to the LSB of the binary output. The 32 event inputs are 
sequentially connected to the t e le m etry console control groups from le ft to right, starting with 
the BI-L EVEL GROUP & DIGITAL WORD MALFUNCTION MONITOR panel, foll owed by the Bl ­
LEVEL GROUP & DIGITAL WORD MALFUNCTION panel, and , lastly, the ANALOG C HANN EL 
MALFUNCTION panel. 

1. 5. 2. 1. 2 Analog -to -Digita l (A/ D) Converter. 

The eight A/ D converters are connected t o the eight RA TE LEVEL potentiometers on the ANA LOG CHAN­
NEL MALFUNCTION panel ; the digital portions of the A/ D converters are ass oc iated with the 13 m os t signifi­
cant bits of their r espective computer words. 

1. 5. 2. 1. 3 Digital Bit Output (DBO). 

The 48 DI3O's are connected to 48 switches. as li sted below; their r e lay contac ts are associated wit h the 
LSB of the computer words . 

• Sixteen DBO's are connected to 16 DISPLAY switches on the bilevel gr oup and digital word and 
a nd a nalog channel monitor pane ls . 

• SL"..::teen DBO's are connected to 16 FAULT sw itches on the bilevel group a nd digital word and a na­
log channel monitor panels. 

• Sixteen DBO's a r e connec ted to 16 ENTER and 16 CLEAR switches on the bilevel group and digital 
word and a nalog channel malfunction panels. 
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- 1. 5. 2. 1. 4 Dig ital Word Output Relay (DWOR). 

Eight DWOR ' s cons is ting of e ight r elay contacts a r e connected to e ight digital r eadout da ta s trips c onsi s ting J 
of e ight la mps each . The e ight DWOR r elay contacts arc assoc iated with the e ight most significant bits of the ir 
respective computer word. 

1.5.2.1.5 Digita l-to-Ana log (D/ A) Conve rte r. 

The e ight D/ A converte r s are connected to the e ight voltmete rs on the ANALOG CHANNEL MONITOR 
panel ; the digital port ions of these D/ A converters arc associated with the 13 most s ignificant bits of the ir 
respective computer words. 

1. 5. 2. 2 Gene r al Progr a m Requ ire me nts . 

F or the telem etry console to operate pr ope rly, a number of program r equirem ents mus t be me t. The se 
are as follow s: 

1-36 

• Checks ar C' made for improper control {!: roup ict r., ntifi ca tion numbe r ; tha t is , 0 or gr eate r than 32 . 

• Checks a r e made for imprope r channe l numbe r dialed up ; that is , 0, greate r than 317 , or less 
than 187. 

• Checks ar e made fo r i mprope r gr oup numbe r dia led up ; that is, 0 or greater than 186. 

• A DWI insertion of a 24 - bit word containing all ze r os indicates no information is being inserted 
fr om the tele metry console . 

• A DWI insertion of a 24-bit word with bits 10 through 18 (channel or gr oup number) zero indica te:; 
that the previous malfunct ion or monitor control data is clea r ed and the CLEAR switch light is 
illuminated in the case of a BI-LEVE L GROUP & DIGITAL WORD MALFUNCTION pane l or 
ANALOG CHANN EL MALFUNCTION panel ins ertion, or the DISPLAY switch light is extinguis hed 
in the case of a BI- LEVEL GROUP & DIGITAL WORD MONITOR panel or ANALOG CHANNEL 
MONITOR pane l insertion. 

• A DWI inse rtion of a 24 - bit word with bits 19 through 24 (control group identification numbe r ) z e r o 
or greater than 32, or with bits 10 through 18 (cha nnel or group number) greater than 317 or 186, 
r e spective ly , suggests an error of some kind. 

• A check is made indicating whether the malfunction previously entered on a certain control gr oup 
wa s c lear ed before anothe r malfunction is entered. This check prevents entering a new malfunc­
tion if it indicated that the control group ha s not been cleared. 

• Although the BIT thumbwhee l switch r eads 1 through 8, it actually insert s a n octal numbe r 0 
through 7, r espect ively , in binary form to the compute r . 

• Although mT is stamped ove r the right thumbwheel switch only , the GROUP a s well as the DIT 
thu mbwhcC'l s mu s t be dialed in orde r to malfuncti on a specific bit. 

• FA ULT MODE - CHAN LOSS means r ep lac ing data with a ll ze ros. 

• FAULT MODE - F IX ED means rq)lac inl,!; da ta s caled 5 volt s equal lo 254 x z- 8 by a nother wor d, 
s cal ed 5 volt s equa l to all l ' s , whose va lue is dete rmined by the RATE/ LEVEL pot. The r eplac­
in!s word will nut b<> nega tive or gr <>a tc r tha n 1- 5 volt s . This neces s itates a chec k for negative . 

• FA ULT MODE - OF PSE T means modify ing data sca led 5 volt s equal to 254 x 2- 8 by anothe r wo r d , 
sca lC'd 5 volt s <'qua ! to all l 's, whu:;c value is determined by the RATE/ LEVEL pot. The modify ­
ing wo1·d will not be gr eat e r than ±5 volt s. Al so, th e r e sult s hall not be negative or gr eate r than 
1- 5 volts . 

• FAULT MODE - DH IFT HATE means modify inf.; data s ca!('d 5 volt s equal to 254 x z- 8 by a rate 
(fvced c hangP. !)('I" ite ration) scaled 5 volt s equa l In all I' s , whose value (or fixed change) is 
dete r mined by t. he RATE/ L EVE L put. The modify.in!,!; word will not be gr eate r t han ±5 volt s. Als o, 
the r es ult will nut go nega ti ve or gr t>a tc r than , 5 volts. 

• T lw mu ltiplica tion fac tor of 0. 1, 0. 01, or 0 . 001 of !'he FA ULT MODE - DRIFT RA TE posit ions is , __,, · 
a ccomplis hed in the softw a r e befor e mod ification of t.he data . 
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• Although the output of the RATE/ LEVEL pot is inserted into the computer by means of an A/ D 
converter (which uses ±10 volts), a data word input of all 1 's will be designated 5 volts, substan­
tiating the panel markings. No r escaling is necessary. 

• Because the RATE / LEVEL pot output is in s<: rted into the compute r dire ctly by means of 
an A/ D converter, it is not affected by the ENT ER or CLEAR switch light. This provides the 
capability of changing manually the DRIFT RATE V/ SEC or the LEVEL VOLTS in discrete jumps 
or smoothly (slew) without pressing the ENTER switch light. Pressing the CLEAR switch light 
will not clear this input. 

• The DISPLAY switch light, when pressed, will go off by the computer and will not go on until the 
control data has been accepted and verification has been made (assuring that the monitor data 
requested is the data rece ived). 

• Although the voltmeter is connected to the computer by means of a D/ A converter (which converts 
to ±10 volts), other equipment used in conju nclion with the voltmete r makes the D/ A convcrtC'r 
appear as if it converts to ±5 volts. The refore, the computer data, already scaled 5 volts equal 
to all 1 's, is rescaled. 

• The FAULT (PRESS FOR TRUE) switch light (when lit), will be exlin1:,'l.lished by the computer, and 
will stay ex tinguished for the period during which the switch light is pressed . It will go on when 
it is no longe r pressed. Nothing will occ ur if the FAULT (PRESS FOR TRUE) switch light is 
pressed when the monitored data was not malfunctioned and the FAULT (PRESS FOR TRUE) switch 
light was not lit. 

• Regardless of units or scaling, all subsystem analog values, except three, shall be rescaled so 
that the telemetry upper range equals 254 x 2-8 and the lower range equals 1 x 2-8 whether it is 
zero or not. It is important that the programmer take into account the scaling of the variable 
from the subsystems' math model (M/ M) and symbol dictionary. 

• All subsy stem Booleans whose information is in bit 24 are packed in bit locations 2 through 9. 

• All subsystem calculated values after rescaling, or Booleans after packing, are stored into the 
common core in a prescribed order . 

• A number of subsystem analog and digital words, which turn out to be constants, are stored by 
premission loading into the common core in a prescribed position. 

• A number of subsystem digital words are s tored directly by the subsystem into the common core 
in a prescribed position. 

• The data associated with the 24-bil AGS and 40-bit LGC digital word are packed in the telemetry 
program before they are stored into the common core in a presc ribed position. 

• The 24-bit AGS digital word is broken down into three 24-bit digital words with data in bit loca­
tions 2 through 9. 

• The 40-bit LGC digital word is broken down into five 24-bit digital words with data in bit locations 
2 through 9. 

• All LGC data (discretes and variahl<•s) arr pa cked in hit locations 2 through 9. 

• A chrck is made to determine whC'the r a channe l , an entire group, or only a s ingle bit is mal­
func tiotlC'd on a different cnntrol gniup. when malfunctioning a particu lar control group. When 
this occur s , the lattrr will prrvail. The malfunction and control data of the form e r control gr oup 
is cleared and its accompanying ENTER and CLEAR switch li ght s go off and go on, r e spectively. 

• The data information in bit loca tions 2 thrnugh 9 of the DWI arr discreted , stating conditi ons of 
the te le met ry console inse rtions to th r comput e r. They art' to be checked accordingly , depending 
on which mode of operation the Tr l<' llll'lry Inst ructor has chosen. 

• All AGS data (disc retes and variabks ) ar<' packpct in bit locations 2 through 9. 
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1. 5. 2. 3 Computer Program Requirem ents. 

There are two methods of inputting to the computer and three methods of outputting from the computer in 
relation to the telemetry console. They are, respectively, DWI and A/D; and DBO, DWOR, and D/ A. 

1. 5. 2. 3. 1 Digital Word Input. 

The DWI inserts a 24-bit word that contains the following information into the computer: 

Bit No. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Channel or group Switch identification 
identification number number 

..-< 
0 ..-< 
0 0 ..-< 

c:i c:i c:i 
°' (fJ 

;:: :><: :><: :><: ::, [/) 

0 .s ::, <l) <l) <l) <l) 1- , 
c,J ..... 

~ 
..., 

~ bO - c,J c,J ..-< al '--- I-< I-< I-< I-< '.::, , , 
I-< ..., ..... <l) -0 C 
c,J ~ 5 <l) C 

~ - (fJ c,J 
~ -~ - -~ I-< I-< I-< 0 .c: 
u Q Q Q Q "" u 

The switch identification number in bit locations 19 through 24 may be any number from Oto 32, inclusive, 
expressed in binary notation, depending upon which control group has been selected. Zero will be the condition 
when no information is being entered, and any number greater than 32 will indicate a computer, DCE, or telen1-
etry console hardware malfunction. The channel/group identification number in bit locations 10 through 18 
may be any number from Oto 279, inclusive, expressed in binary notation, depending upon which channel or 
group number has been dialed. Zero will be the condition when no information is being entered, and any num­
ber greater than 279 will indicate a computer, DCE, tel emetry console, or telemetry instructor error. 

All the information in bits 2 through 9 is not there simultaneously, but depends upon the mode of telemetry 
console operation (malfunction insertion or monitor; analog or digital). This concept is expressed more clearly 
within the foll ow ing descriptions. 

· 1. 5. 2. 3. 2 Digital Word Input (Digital Malfunction). 

The DWI inserts into the computer for the bilevel group and digital word malfunction mode, as follows: 

1- 3B 

Bit No. 2 4, 5, 6 7 

Enter/ Clear Bit No. Group/ Bit 

State 1 Clear Bit number in Group/ Bit 
binary notation 

State 0 Enter Group/ Bit 

NOTI 

Bit locations 10 through 18 identify channel or group number; 
bit !orations 19 through 24 identify switch number. The bit 
idt'nti.fication nu111b0r in bit locations 4 through 6 may be any 
numbl'r between O and 7, inclusive, expressed in binary 
notation. indicating bit 1 thr ough 8 diall'd up, respectively. 

8 

1/0 

1 

0 

...J 
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1. 5. 2. 3. 3 Digital Word Input (Analog Malfunction). 

The DWI inserts into the computer for the analog channel malfunction mode, as follows: 

Bit No. 

State 1 

State 0 

2 

Enter/ 
Clear 

Clear 

Enter 

3 4 

Drift Drift 
rate rate 

X 0. 001 

Drift Drift 
rate rate 

X 0.001 

Drift Drift 
rate rate 

X 0. 001 

5 

Drift 
rate 
X 0. 01 

Drift 
rate 
X 0. 01 

Drift 
rate 
X 0. 01 

NOTE 

6 

Drift 
rate 
X 0. 1 

Drift 
rate 
X 0.1 

Drift 
rate 
X 0.1 

7 

Offset 

Offset 

Offset 

8 

Fixed 

Fixed 

Fixed 

Bit locations 10 through 18 identify channel or group num­
ber ; bit locations 19 through 24 identify switch number. 
The information in bits 4 through 9 is not all contained 
simultaneously but only one bit at a time, depending upon 
the FAULT MODE switch position selected. If one of the 
drift rates, bits 4 through 6, is selected, bit 3 will be in 
the 0 state . This is done to reduce the number of checks 
required in the programming. 

1. 5. 2. 3. 4 Digital Word Input (Bilevel Group and Digital Word Monitor). 

9 

Channel loss 

Channel loss 

Channel loss 

The DWI inserts into the computer for the bilevel group and digital word monitor mode, as follows: 

Bit No. 10 through 18 19 through 24 2 

Display/ Fault 

Fault 

Channel or group identification number Switch identification number 

State 1 

State 0 Display 

1. 5. 2. 3. 5 Digital Word Input (Analog Monitor). 

The DWI inserts into the computer for analog channel monitor , as follows: 

Bit No. 

State 1 

State 0 

2 

Display/ Fault 

Fault 

Display 

10 through 18 

Channel or g roup identification number 

1. 5. 2. 3. 6 Analog-to-Digital (A/ D) Converte r. 

19 through 24 

Switch identificat ion number 

Till' A/ D converte r inserts a 13-bit word into the compute r . The data information is inserted into bits 1 
through 13; bit 1 is th<' sign bit. The 13-bit word will equal ±5 volts wher e all l' s equal 5 volts a nd all O's 
equal ze ro volt s . Mathematically, this may be expressed as 2-9 x 5 x 2-3 x 4, 096/ 5. 
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•. 5. 2. 3. 7 Di~ita l Bit Output (DBO) . 

The DBO looks at the least s ignifi cant bit (bit 24) of the 24-bit computer wo rk for a 1 or a O and, then, con­
vC' rts it to one of two r e lay contact pos itions . 

1. 5. 2. 3. 8 Digita l Word Output Re lay (DWOR). 

The DWOR looks at the 8 most significant bits (bits 2 through 9) of the 24-bit compute r word (for the s tate 
of each) and , the n, convert s each o[ the m to one of two r e lay contact positions. 

1. 5. 2. 3. 9 Digita l-to- Ana lO[.!; (.0/ A) Conve rter. 

The D/ A conver ter looks at the 13 most signifi cant bits (bits 1 through 13) of the 24-bit compute r wor d; bi t 
1 is the s ib'll bit . The 13-bil word will equa l ±5 volts where all 1' s equal 5 vo lts and a ll O's equa l zero vo lts. 
The 13-bit wor d fro m the comput e r will neve r be negative . Ma the matically, this may be expre s sed a s 
2-9 X 5 X 2-3 X 4, 096/ 5. 

1. 5. 3 DATA ACQUISITION SUBSYSTEM. 

The data acqui s i t ion subsystem (DAS) cons ists of magne tic tape units, X-Y plotters , X-T r ecorde rs , an 
event r ecorder , and a dual-he ad a udio t ape r e corder. The se device s a ccurate ly r ecord data r e lated to the 
per forma nce of tl1e LMS , fo r evaluation of training missions. The de vices can operate continuously for the 
duration of any training session. 

1. 5. 3. 1 Mag,11etic Tape Units. (See figure 1-10.) 

The LMS computer complex conta ins two dual magnetic tape units (MTU' s) with integr ated word transfe r 
capability and computer inte rface e lectronics . The MTU's a r e 75-inch-pe r-second units ; ea ch can be cont rolleu 
by e ither compute r vi:i it s d irect me mor y access unit, thr ough the magneti c tape time multiplex unit. The 
MTU's are contro lled with an " output control pulse" (OCP) instruction and monitored by a " skip if sense li ne not 
set" (SKS) ins truction. Eithe r compute r can use eithe r MTU; both computers can access s eparate MTU's at t he 
same ti me . The magneti c tape is a high-speed stor age medium for r ecording and r e ta ining data. Informat ion 

A s r ead (detected) or written (stor ed) by pa ssing the oxide side of the tape over r ead/ write heads. Information 
~11ay be writ ten on any one of seven indepe ndent t racks on the tape . During a write operation , s e ve n recording 

heads are placed ve rti cally acr oss the tape; s even bits may be recorded simultaneously , one bit on each track. 
V A s even-track nonreturn- to - ze r o r ecording s cheme is used. In this system , magnetic particles on the tape are 

a ligned in the positive or negative direction. A binary 1 is recorded by reversing the polarity; no polarity r e ­
ver sal r esults in a 0. Thus, each track of the tape is fully magnetized and the polarity is reversed as each bit 
i s r ecorded. A line (or fr a me ) of tape data consists of a six-bit character and a parity (check) bit. Tracks 
No. 0 through 5 specify the cha r a cter ; t r ack No. 6 holds the parity bit. 

Data are r ecorded in one of two formats : bina ry or binary-coded decimal (BCD). Ta pe is binary if da ta 
a r e r ecorded just as they a r e r epre se nted in core storage. In BCD format, di1-;its, cha r acters, and special 
symbols a r e r epre sented in cor e s tor age by six-bit binary numbers. The formats a lso diffe r in the selection 
of par ity bits. Th e parity bit in binary fo rmat is chose n so that the total numbe r of bits in any line must be odd . 
In BCD fo rm at , the total nu mbe r of bits mus t be e ven. The format is selected by the control unit, which a lso 
designates the cor re ct parity bit that accompanies each cha r acter. 

Data r ccordC'd on the tap<' a r e' a rranged in gr oups ca lled r ecords and files . A mi nim um of one line of in­
formatio n constitutes a r eC'ord. Adjacent r ecords a r e sepa r ated by a 3/ 4-inch unrecorded a r ea (record gap). 
A lon1~•itudinal parity bit is r ecor dC'd in coded format , at t he end of each r ecord; the number of 1 's in ea ch 
r ecord track is n1a de even. A file cons ists of gr oups of r C'cords . Adjacent file s a r e separ ated by r ecording 
an Pnd-oJ-fill' mark a.Her the last rC'cord in the f ile . The end- of-file mark cons is ts of an oc tal 17 (BCD) ana its 
l°IH'ck cha r acter (a lso an octal 17). 

Du r ing a react o r write opC' ration. tape i s moved fr o m tlw s upply r ee l , past the read/ write heads , to the 
takc up rC'C'l. T :1p,• motion is p r ov ided by two fluted caps tans that r otate continuous ly in opposite dire ctions . 
Tape is drawn a ga ins t the d ri vl' caps tan by vacuu111 and fl oated ove r the nondriving capstan by a ir pr es s ur e . If 
llw tap,' i s lll0ving fro 111 th <' s upp ly r f'e l to the ta kC' up r eC'l (forward motion) , the left capsta n dri ves the tape . If 
tape motion is in the oppos il <' (rC'v<' r sC') direction, t he r ight capsta n pro vide s the drive. Tape motion is qui ckly 
a nct smooth ly stnppC'd by mean s of a pne uma ti c brake port, us ing vacuum. Because pressure is a pplied to 
l>ot h capstans du l'i n1~ I.hi s pe riod. neithe r capsta n conta d s (drivC's ) the tape . 

- 'I'll(• hC'ad assembly con::;ists ,if individual r ead and write heads, an e r ase head, tape cleane r s, and a 
pnt' t1 111alic pad . Each of U1c seve n read/ wr ite heads used in the ta pe t ranspor t has two magnet gaps . One gaµ 
i .; uiwd for writ ing; llw other, fo r r eading. The gaps a r c arra nged s o that, during a write oper ation , the tape 
first passes unde r the write• gap lo r ecord the data; the n unde r the r ead gap to check the writing . This allows each 
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line of information lo be PX:tlllined a nd verified imme diately aJle r it is writte n on the tape. Thus, if any dis­
crl'pancy occur s during tll(' write ope r ation, it is immediate ly detected a t the r ead head . The broadband e rase 
llC'ad, ene r gized during write operations only, r 0movei:; a ll information previously recorded on the tape. New 
information is , thereforL·, r ecorded on e lectronically "cle;111" tape at a ll times during a write ope ration. 

The two tape c leane ri:;, one on e ithl'r s ide of hcacti:; , pn0un1;Lli('ally r e move foreign partic les from the tape 
s urface during a read :)r write ope ration. A pnl' u mat ic pad maintai11 s pn'cis0 contact pressure bet ween the 
tape a nd head gaps . The contact pressure is prov icl<'d by :1ir pressure, which minimizes head a nd tape wear 
by blowing the t ape against the heads . 

The trani:;port can accele rate tape tu high sp t'<' cl wilhi11 2. 75±0. :'i 111i ll iscconcts. Tape lllotion is cump lcte ly 
s loppe d within 2. 25J:0. 50 milliseconds. The transport usPs :1 vacuum loops lo minimize tlw tape mass that 
must be accelerated during the 2. 75-milliseconrl pe riod. ThPsP loops separate the heavy tape r eel s from the 
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portion of the tape under the heads. The two tape loops form tape reservoirs for the capstan drive system . 
• uring the first few milliseconds of acceleration, the actuated capstan pulls tape from one loop and places it in 
•1e second loop. As tape is drawn from one column, it is replaced from the reel above it. As tape is fed into 

the opposite column, the associated reel takes up the slack. The heavy tape reels are, therefore, given more 
time to accelerate and act to increase or decrease the amount of tape in the vacuum column. Tape loops buffer 
the heavy reels out of the high-acceleration capstan drive system. This minimizes the inertia in the high­
acceleration systems, because the capstans need only accelerate the mass of a few feet of tape. The vacuum 
columns also maintain tension throughout the system. Each loop fits snugly into a chamber and divides it into 
two parts. The lower part of the column is under reduced pressure. The upper part is at atmospheric pressure 
and pushes the loop down, providing slight tension on the loop. 

The reel drive controls the position of the tape loops in the vacuum columns. A servo system, between each 
loop and tape drive, positions the tape reels by responding to signals from the vacuum column photosense indi­
cators.. If the tape loop in a column is too long, the photosense indicators signal the reel drive to take up tape. 
If the loop is too short, the indicators signal the reel drive to deliver tape. 

The MTU controls and displays (figure 1-10) are listed, with their function, in table 1- 6. 

Table 1-6. Magnetic Tape Unit, Controls and Displays 

Control or Display Function Remarks 

POWER switch Applies and removes operating Switch must be pressed 
voltages and held for approximately 

2 seconds. 

REWIND switch Causes tape to be moved onto Motion stops when load 
supply reel at high speed point is detected. 

CLEAR switch Removes all external command 
conditions from transport 
logic 

DENSITY LO Selects information transfer 
switch rate of 200 bits per inch 

FILE PROTECT Indicated file protect ring is 
indicator present in supply reel 

READY switch Places unit under external No panel command, except 
control CLEAR, is valid. 

LOAD switch Initiates operation that pulls 
tape into loop boxes, then 
moves tape forward to load 
point 

DENSITY HI Selects information transfer 
switch rate of 556 bits per inch 

I. 5. 3. 2 X-Y Plotters. (See fig1.1r c> 1-11.) 

The X-Y plotters are dual-arm, dual-pen, 11- by 17-inch recorders. They are near the instructor con­
sole, where they are r eadily accessible for adjustment and observation. The plotters are mounted in standard 
vPrl ical racks, with vertical plotting surfaces and dual pens for versatility. The plotting surface is 11 by 17 
inches. 

The plotte rs use a null-balance te chnique to record one variable voltage as a function of a second variable 
volta~e . This is accomplished by applying one voltage (designated X) to a servo system that controls the posi­
tion of the arm in the horizontal dire ction (abscissa) . The second voltage (designated Y) is applied to another 

a rvo syste m that controls the motion of the recording pen along the arm (ordinate). The combined action of 
~ s e two positioning systems provides a plot of X versus Y. 
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The data may be plotted as a continuous inked line, or as points along the contour of the curve (point 

•

lotting). The type of plot (continuous or point) depends upon the accessory equipment used with the plotter. 
urves are plotted on standard paper he ld on the plotting surface by a vacuum blower system. A standby cir­
u.it, which moves the pen and arm clear of the plotting surface, provides access to the surface to change paper, 

compar e curves, or to apply overlays. 

1. 5. 3. 2.1 Servo Systems. 

The pen and arm servo systems are of the closed-loop type . Because the systems are basically identical, 
the pen servo system is described. 

An input signal El (the Y-coordinate of the desired plot) is applied as the input order voltage . This order 
voltage is the pen-positioning signal; that is, this voltage indicates the r equired position of the pen with r espect 
to the Y=O point. A feedback or position voltage E2 is obtained via a wiper on the pen carriage, which contacts 
the pen mandrel. The E2 voltage indicates the exact physical position of the pen with r espect to the Y=O point. 

The El input signal is scaled by a plug-in module and applied to a chopper circuit. The E2 position voltage: 
is applied directly to the center-tapped primary of the chopper input transformer . The diffe r ence in potential 
betweeh the two voltages produce s an error signal E3 . This error signal essentially indicates the dire ction and 
distance the pen carriage must move from its present location to the ordered position. The polarity of E3 (the 
polarity of the chopper output with respect to the center tap of the input transformer) is dependent on the magni­
tude and polarity r e lationship be tween El and E2. This polarity dete rmines the phase of the chopper-generated 
a -c error signal (E4); the magnitude of this a-c signal is dependent upon the magnitude of E3. 

The a-c error signal is amplified by a servoamplifier and applied to the control winding of a two-phase 
induction servomotor . The magnitude of the a - c error sibrnal dete rmines the rate of motor rotation; the phase 
of this error signal determines the direction of motor rotation. As the pen servomotor rotates, it drives a 
pulley via a gear train. This pulley, in turn, drives the pen carriage cable that moves the pen carriage along 
the arm lo position the wiper on the pen mandrel. This changes the magnitude of E2 so that it approaches that 
of El (after scaling) . As E2 approaches El, the error signal becomes smaller until El and E2 are equal and 
E3 becomes zero . At this point the servo reaches a null condition and slops. 

1. 5. 3. 2. 2 Pen Lift System. 

- The pen of the plotter is raised and lowered via an electromechanical system . A spring-loaded pen lift 
solenoid, when energized, raises a pen lift bar and permits the pen to descend to the plotting surface; a spring 
assures positive contact of the pen with the plotting surface, regardless of the plane in which the plotter is 
mounted. When the pen lift solenoid is deenergized, the pen lift bar is pulled toward the plotting surface. (The 
solenoid is spring loaded to assure positive action.) The bar catches the pen and causes the pen to pivot in the 
carriage pivot, thus lifting the writing point from the plotting surface. 

1. 5. 3. 2. 3 Mode Selection Circuits. 

The operating mode of the plotter is controlled by the dual-purpose, three- position PEN-ARM switch. 
When the PEN-ARM switch is set to UP/ STBY, the external input signal is removed from the servoamplifier 
and the amplifier input is connected to the junction of the standby resistors . In the case of the arm servo, these 
resistors are of unequal value so that the arm moves to the extreme right side of the board. The pen servo 
standby resistors are of equal value ; therefore, the pen moves to the center of the arm. 

When the PEN-ARM switch is set to UP/ OPER or DN/ OPER, the sta!1dby voltages are removed from the 
s0rvo :md the external input sig-nals are connected . In either of thesP two positions, the pen and arm follow the 
input sit~nal variations. 

1. 5.3.2.4 Arm Lock SyslPm. 

Tlw plotte r JC'atures an arm lock system that prevents tlw arm from moving when primary power is r e­
moved from the instrument. With the arm locked in position, the plotter is less susceptible to damage during 
transit :u1d some mainte nance . The lock mechanism is not a positive-action lock; it only prevents rotatiD°n of 
llw arm tape driv0 pullf'y. This feature permits the tape to slip if a lar ~;e force is inadvertently applied to the 
arm and thus tends to prC'vcnt loss of arm squareness, or clamag0 due lo accide ntally hitting the arm . The 
drive arm tape s hould not be purposely forced to slip ; this will dama~e the drive pulley system. 

1. 5. 3. 2. 5 Controls. 

- The X-Y plotters contro ls (fig11re 1-11) arc listed, wilh thl'ir function, in table' 1- 7. 

1-44 



Control 

ZERO potentiometers 

SCALE FACTOR 
control 

VARIABLE-FIXED 
switch 

External INPUT plugs 

RANGE control 

PEN ARM switch 

UP-STBY 

UP-OPER 

PEN INTCHG switch 

AUTO 

NORMAL 

REV 

V AC PWR switch 

OFF-OFF 

OFF-ON 

ON-ON 

LMA790-2-LMS 

Table 1-7. X-Y Plotter Controls 

Function 

Permit setting location of X=O, Y=O (0, 0 point) anywhere 
within 30- by 45-inch area centered about plotting surface 

Enables attenuation of variable scale for plotted parameter 

Provides selection of scale factor control to either manu­
ally variable or fixed 

Provide input connection and either chassis or floati ng 
ground 

Enabled setting of plot range in either volts/cm or volts/ 
inch. Plug-in module must be removed for access to 
switch for scale change. 

Lifts pen from plotting surface and positions it to center 
of arm. Arm is positioned to extreme side of travel. 

Lifts pen from plotting surface and moves carriage in 
response to input si~nals. Arm moves in response to 
input signals. 

Enables automatic interchange of pen and arm functions 
in event of an arm interception 

Disables pen-arm interchange function 

Interchanges data inputs and parallax networks regard­
less of position of arms 

Removes primary power from all plotter and vacuum 
systems 

Energizes plotter circuitry, but vacuum systems remain 
off 

Applies primary power to both vacuum and plotter systems 

1. 5. 3. 3 X-T Recorders. (See figure 1-12 .) 

Each X-T recorder is an eight-channel recorder that has an oscillograph installed horizontally in a drawer 
in the unit pedestal. Attenuator and recorder functions (including remote-operate) are initiated by pushbutton 
controls. Rec tilinear pen motion produces records on rectanbrular coordinate charts graduated in 50 divisions. 
The recorder pens use pressurized fluid. The osc illograph has 12 selectable chart speeds. The X-T recorder 
is housed in a 54-inch-high console with a sloped front control panel. 

1. 5. 3. 3. 1 Attenuation and Control Panel Assembly. 

The attenuation and control panel assembly is an input-signal-conditioning· device: it is in the top front of 
the console. The EXTERNAL FUNCTIONS switches are convenience controls, used when the rec order is 
operated with the computers or a remote system. Four pushbuttons (RESET. HOLD. RUN, and MARK) prpvide 

1-45 



1- 46 

LMA790-2-LMS 

ATTENUATION ANO CONTROL PANE L 

sen11t1v•t-, sensit 1•,11 t y so n1it1v1ty 

ATTENUATION AND 
CONTROL PANEL 

I 
I 

I 
sen , 1r1 v1fy 

~xi Q,1 ~•1 (Q,1 Q,1 9,1 ~xl Q,1 
I 2 3 4 5 6 7 A 

vo 11s/ •ne (/'~~h"l;;J~:l}'goll~inQ volu /1 ine 

c-.; 1~ rr ,, 11 0 .05 u Q .05 g 1npul 
f ul"IC l 10n:i, 

Q y g g Q Q Q Q 
selecror 

n 1 .1 5 ·' I g , es.et n q Q Q 10 Q 0 Q2 a oocro,e 
2 .?. 2 

'_:) 
I ) 5 Q g 5 Q 2 5 ~ .5 0 q 5 Q g 25 line 

hold (--) Q Q 5 0 Q Q 0 Q 
col Ch ~Ck 

I I I 1 

q 2 Q Q 2 Q ,oo P 2 Q Q 2 Q Q atten. ster: 
r un n Q Q Q2soQ Q Q Q 1dert. 

5 5 5 5 

n ~~ 10 g Q 10 Q soo Q 10 Q Q 10 Q 
Q mark 

0 011 0 q 011 Q o tf Q off Q Q OIi Q 
uro 

p•, n POS 1f •OI\ pen pos it ion pe n 11os 1t1on pen pol 1t1on 

g g Q 9 Q 0 9 e 
- ------- - - -

AMPLIF IER LE VEL IN OICATO RS 

1° □ 0 1 
1 2 3 4 5 6 7 8 -~ 

<a 0 © © (0 <o © <o 

□ 0 I 
I 

I 

r ' / '"·'·'·"· ~har t spe 1d mrrv'sec IC in ter 1ocll par t1al tull 

(Q) ~·000°~ slop 5 ,o 2\l 50 100 200 speed ♦ 100 

I 
I 
I 

- I -

I 
AMPLIFIER LEVE L 

INDICATO RS PANEL 

@0000000@ 

Figure 1-1 2. X-T Recorde r 

~ 
(Q) 

I I 
I I 
I 

\ -

\ 
OSCILLOG RAPH 

CONTROL PANEL 

J::l 

l MS-1 13:I 



LMA790 -2-LMS 

contact c losurei; that enable the operator to control computer reset (initial conditions), hold, or run modes of 
operation from the r ecorder. They arc mom entary switches; though labeled for analog computer use, they may 
be used for any r e mote control operations in which 8uch switch closures are needed. The attenuator buttons 
are In the center of the panel , with nine attenuator positions fo r each channel expressed in volts per chart line . 
Eight pen position controls arc at. the uottom of the panel. These controls permit each pen to be positioned any­
where within the channel, and permit either cd!{e of the channe l, or any point between, to be used as a baseline 
(zero signal position). The remainder of the controls perform zeroing, coding, calibration, and operating 
functions. 

1. 5. 3. 3. 2 Oscillograph. 

The oscillograph, in the center front of the console, is the heart of the system. It contains pens, a pen­
motor, chart paper, and a writing table. 

1. 5. 3. 3. 3 Amplifier Level Indicators Panel. 

The amplifier level indicators panel is directly above the oscillograph. The panel consists of a convenience 
outlet, level light indicators (one for each channel), a main power indicator light, and the main power switch. 

1. 5. 3. 3. 4 Drive Amplifier Frame. 

The drive amplifier frame contains receptacles that supply signal input and output, as well as output con­
nectors of the drive amplifiers. It also contains output connections to the oscillograph to connect penmotors in 
the oscillograph. Air-circulating fans and motors are attached to the frame. 

1. 5. 3. 3. 5 Filament Regulator. 

The filament regulator supplies regulated d-c voltage to the heaters of the vacuum tubes of the input cir­
cuits of the drive amplifier. It derives its power from an 18. 9-volt a-c source in the 150-volt power supply . 

1. 5. 3. 3. 6 20-KC Power Supply. 

The 20-kc power supply operates from +24- and -24 volt d-c inputs. It supplies a precisely regulated 20-
kc signal that is adjustable from 7. 5 to 8. 5 volts rms. This signal is used to provide the position information 
from the feedback penmotor. 

1.5.3.3.7 24-Volt D-C Power Supply. 

This power supply furnishes the 20-kc power supply with +24 and -24 volts de. It also supplies the drive 
amplifier frame with +24 and -24 volts de for transistor output stages 30 seconds after main power is turned on 
(only if chart is moving). 

1. 5. 3. 3. 8 150-Volt D-C Power Supply. 

This power supply furnishes 6. 3 volts rms to third-stage filaments of the drive amplifier, regulated +85 
and -85 volts for calibration of the attenuator pane l, and +150 and -150 volts to the vacuum tubes of the pen 
drive amplifiers. 

1. 5. 3. 3. 9 Main Connect or Pane l and Harness Assembly. 

This pane l is used to interconnect the oscillograph 20-kc power supply, filam e nt r egulator, drive amplifier 
frame , and d-c supplies to the main power source through the mas te r powe r switch. It also brings out to more 
convenie nt terminals the internal connections fr om the oscillograph. 

1.5.3 .3 .10 Amplifiers. 

Four specially desii;ned dual-channel amplifie rs are in the drive amplifier frame; they are accessible from 
the front and rear of the console. The amplifiers are completely interchangeable, although slight adjustment 
of the controls may be desirable for optimum performance. 

1. 5. 3. 3. 11 Controls and Displays. 

The X-T r ecorder controls and displays (fitsure 1-12) are listed. with the ir function, in table 1- 8. 
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Table 1-8. X-T Recorder Panels, Controls and Displays 

Control or Display 

EXTERNAL FUNCTIONS 
pushbuttons 

RESET 

HOLD 

RUN 

MARK 

Attenuator pushbuttons 
(64) 

PEN POSITION 
controls (8) 

PEN POSITION 
locking knob 

INPUT SELECTOR 
pushbutton 

ATTEN STEP !DENT 
pushbutton 

25 LINE CAL CHECK 
pushbutton 

OPERATE pushbutton 

SENSITIVITY control 

Locking knob 

INTERLOCK WARNING 
lamp 

CONTROL MODE push­
buttons 

PARTIAL RF.MOTE 

FULL REMOTE 

LOCAL 

Function 

Attenuation and Control Panel 

Resets pens to initial conditions 

Enables computer hold of operation from recorder 

Enables control of computer run mode of recorder 
operation 

Operates left event marker and deflects its pen toward 
center of chart 

Enables selection of volts per chart line for each channel 

Permits each pen to be positioned anywhere within 
channel and use of this position as zero base 

Locks pen in selected position to prevent inadvertent 
movement 

Causes pens of all channels to return to selected zero 
positions 

Causes all active pens to deflect and record attenuator 
settings and pen polarity switch settings 

Used to check or calibrate drive amplifier system; 
supplies standard calibration input to all channels 

Enables normal operation of system 

Allows intermediate sensitivities to be selected between 
fixed pushbutton values. Controls must be fully clock­
wise to obtain pushbutton attenuation value . 

Prevents inadvertent movement of sensitivity control 

Oscillograph Control Panel 

Indicates one or both interlock switches are open 

Transfers chart drive on-off control to remote location; 
does not transfer speed control 

Chart speed and on- off control is transferred to a 
remote location. 

Full control of unit is enabled at control panel. 
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'!.'able 1-8. X-T Recorder Panels, Controls and Displays (cont) 

Control or Display Function 

Oscillograph Control Panel (cont) 

CHART SPEED MM/ SEC 

STOP pushbutton Stops chart drive and disables power to pass 

CHART SPEED Enables chart drive speed relative to pushbutton pressed; 
pushbuttons releases STOP pushbutton 

SPEED + 100 switch Divides selected chart drive speeds by 100 when enabled 

PAPER TAKE UP When pressed, takes up slack in paper and actuates 
pushbutton paper take up reel drive 

TAKE UP SPEED Provides three speed control of paper drive 
control 

Amplifier Level Indicators Panel 

Amplifier level lamp Indicates magnitude of lamp intensity output of related 
amplifier 

Main power lamp Light goes on when power to unit is on. 

Main power switch Applies power to entire unit 

1. 5. 3. 4 Audio Tape Recorder. (See figure 1-13.) 

The dual-head audio tape recorder provides the LMS with the following capabilities: 

• Dual tape deck recorder system permits unlimited recording of sound present-.d to the LMS cabin. 

• Portable playback system permits playback of recordings obtained from the recorder. 

• Continuous loop delay system provides a 1. 2-second time delay of all simulated S-band voice 

communications at lunar distance between the LMS and MCC. 

The LMS audio tape recorder is designed primarily for heavy duty application, requiring up to 24 hours of 

continuous operation. The recorder is mounted in the recorder cabinet adjacent to the instructor console. 

The setting of the OFF-MANUAL-AUTOMATIC selector switch on each tape deck controls the operational 

mode of the recorder system. In the OFF position, no power is applied to the tape deck; in the MANUAL posi­

tion. power is applied and the STOP, PLAY, fast forward, and rewind pushbuttons on the front panel of each 

tape deck control operation of that tape deck. When both tape deck selector switches are set to AUTOMATIC, 

the r ecorder system operates only in response to an external start command , which originates from the instruc ­

tor console RECORDERS panel. The instructor has the option of selecting CONT RECORD (which supplies a 

continuous start command to the recorder system) or VOX RECORD (which supplies a start command only when 

astronaut audio is being presented to t11e recorder system input). 

A VU LEVEL indicator, on each track monitor panel, is driven via the reproduce heads of the active tape 

deck. Deflection of the indicators and running of the tape deck give the instructor visual indication that audio 

to the Commander or to llie Systems Engineer has been r ecorded. The r ecord levels are adjustable with the 

LEVEL ADJUST controls , one for each track input. Earphone LISTEN jacks are provided for insertion of the 
instructor's headset. 

Both tape deck selector switches are s et to MANUAL to load tape reels. When the r eels are loaded and 

threaded , the selector switches are set to AUTOMATIC to permit the instructor to control oper at ion. Upon 

1-49 

I 

. I 



..,. .. ·--~ ~~ .. ._ . ,, . 

- ·· .. 
I ~-! r:'.,. ~":, ~ .. ' 

~~ ... t i -~ - ':"' 

SM0P-126 

Figure 1-13. Audio Tape Recorder 

receipt of a start command, one of the tape decks starts normal forward-speed operation and continues for the 
duration of the command. Cessation of the command causes the tape deck forward motion to stop until receipt 
of another start command. Approximately 3 seconds before the tape is completely full, the recorder auto­
matically starts the other tape deck in normal forward-speed operation to effect an approximate 3-second 
overlap in the audio being recorded. At the end of this overlap period (when the tape on the first tape deck is 
completely full), the recorder stops audio input to the first tape deck, places it into a fast reverse mode of 
operation, and automatically stops it when it is fully rewound. At this time, the REPLACE REEL light on the 
instructor console panel RECORDERS goes on to inform the instructor that a reel must be replaced. The 
instructor then sets the OFF-MANUAL-AUTOMATIC selector switch to MANUAL, replaces the rewound reel 
of tape with a new one, threads the tape onto the takeup r eel, and sets the selector switch to AUTOMATIC. 
The recorder system then causes the REPLACE REEL light to go off. Operation of the second tape deck is 
identical with that of the first. Continued replacement of a full rewound reel before the other one is filled 
provides unlimited recording capability. 

I. 5. 3. 4. I Portable Playback Syst e m. 

The voice playback unit is stowed at the instructor console; it is used by the instructor for postmission 
playback. The pl::tyback unit may be used at any location where 115-volt, 60-cycle power is available. 

The setting of th(' OFF-MANUAL-AUTOMATIC selector switch on the tape deck front panel controls the 
operational mode of the playback system. In the OFF position, no power is applied to the system; in the 
MANUAL position, power is applied and the STOP, PLAY, fast forward, and rewind pushbuttons control 
operation of the playback system; in the AUTOMATIC position, power is also applied, but only the PLAY push­
button is operational . The difference between the manual and automatic modes of operation is in the operational 
sequence at the end of normal forward-speed operation; that is, when end - of-tape occurs. In the manual mode, 

1e tape stops; in the automatic mode, the system is automatically placed into rewind and stopped when the tape 
1as been fully r ewound. 
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The position (1, 2, or BOTH) of the track select switch on the playback unit selects audio from track No. 1, 
track No. 2, or both tracks mixed, for presentation to the speaker and to the headset jacks. Volume is con­
trolled with the VOLUME control, adjacent to the track select switch. The tape deck selector switch is set to 
MANUAL, the tape to be played is mounted and threaded, and the STOP, fast forward, and r ewind pushbuttons 
are used to position the tape to the desired starting point. At this point, tape playback is initiated by pressing 
the play pushbutton. If automatic operation is desired, the tape deck selector switch is set to AUTOMATIC. 
If AUTOMATIC has been selected, the selector switch must be set to MANUAL before threading a new reel onto 
the takeup reel. 

1.5.3.4.2 Continuous Loop Delay System. 

The delay recorder system is mounted in the LMS peripheral cabinet that contains the voice communications 
equipment. It is the means by which S-band voice is delayed by 1. 2 seconds when the simulated LM is at lunar 
distance. The delay is provided by the delay system when an externally generated LM-in-lunar-orbit command 
is provided. An ON OFF switch applies 115-volt, 60-cycle power to the system. No other panel controls are 
provided. With the ON OFF switch set to ON, the audio inputs (S-band up voice and S-band down voice) are 
delayed 1. 2 seconds when the LM-in-lunar-orbit command is present. 

1. 5. 3. 4. 3 Controls and Displays. 

The controls and displays of the audio tape recorder (figure 1-13) are listed, with their function, in table 
1-9 . 

Table 1-9. Audio Tape Recorder, Controls and Displays 

Control or Display 

TRACK 1 MONITOR 

LISTEN jack 

TRACK 1 MONITOR 
VU LEVEL indicator 

LEVEL ADJUST 
control 

OFF/ MANUAL/ AUTOMATIC 
selector switch 

STOP pushbutton 

PLAY pushbutton 

Fast forward pushbutton 
(arrow pointing to right) 

Rewind pushbutton 
(arrow pointing to left) 

I NOT! I 

Function 

Permits monitoring of signal being 
recorded, using earphones or 
auxiliary amplifier 

Indicates VU level of signal being 
r ecorded on track No. 1 

Permits adjustment of VU level 
recorded signal on track No. 1 

Enables operator to select manual or 
automatic recording and turn off 

Stops takeup and supply reels when 
pressed 

Places rec ordPr in playback mode 

Places recorder ree l mechanis m in 
fast forward mode 

Places r ecorde r reel mechanism in 
r ew ind mode 

Controls and display s for track No . 2 arc similar to thos e 
for track No. 1. 
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1.5.3.5 Event Recorder. 

- A 20-channel event recorder is used in the LMS. It is a compact, precision measuring instrument lhal 
uses inkless writing elements to produce graphs of simulator parameters . Events are recorded by opening or 
closing external circuitry connected to the recorder. The contact-making devices may be operated from 
mechanical rotation of thrust, from changing of position, or from changes in pressure, temperature, or light 
intensity. 

The chart drive mechanism is an electromechanical device that converts electrical energy into linear mo­
tion through the use of a motor and various gear assemblies. 

The motor drive assembly consists of a synchronous motor and a reduction gear head. The motor is 
operated from a frequency-regulated source of a-c power. The gear head provides a 60-to- l s peed change. 
The output shaft of the gear head powers the chart drive transmission. Because the chart trans port assembly 
is on the front of the chassis, a special drive coupling is used. The driving mechanism is coupled to the chart 
transport by a chain and sprocket arrangement that maintains constant speed and accurate timing throughout the 
system. A precision gear train in the transport assembly unwinds the chart paper from a supply roll, propels 
it over a drive roller, and rewinds it on a reroll arbor. The drive r oller has a number of formed pins at each 
end, which engage marginal perforations in the paper and feed the chart under the writing e lement smoothly and 
at a constant rate. A time-set knob for manually advancing the chart paper is provided on the right end of thl' 
drive roller. An overrun clutch in the reroll assembly maintains prope r tens ion on the chart paper. The trans­
port assembly on the chart driver has a chart supply indicator that indicate the amount of chart paper remaining 
on the supply roll. Reloading is accomplished by a tilt-down transport. 

The controls for the event recorder consist of the STYLUS POWER switch that controls power to the stylus 
heaters, and the STYLUS HEAT control (screwdriver adjustment) that is used to adjust stylus heat for desired 
line contrast. 

1. 5. 4 INTERFACE COMPLEX. 

The LMS interface complex consists of the following sec tions : 

• Trajectory link 

• Telemetry link 

• Communication links 

• Timing links 

• Biomedical link. 

1 . 5. 4. 1 Trajectory Link. 

The LMS interface complex provides a standard block of 60 data words 20 times each second to MCC. The 
data words describe the trajectory of the simulated LM mission. The central unit of this data transfer is the 
trajectory buffer. The buffer includes 256 words of core me mory (5-microsecond cycle time) to facilitate 
synchronization of the data interchange . The 24-bit word length of the LMS data is converted from parallel lo 
serial format before transmission to MCC. The signal lines that link the LMS with MCC carry this data at the 
rate of 40 ,800 bits pC'r sc•cond. 

1. 5. 4. 2 Tt• lcml'l ry Link. 

To provide miss ion trainin~ for ran~c support persnmll'I, lh<' LMS is Pquippl'd lo supply l l' IC'm etry data in 
fllC' samf' quantity ;rnd quality that would be transmitted durin~ a norma l flight. These data arc r e layed to MCC 
for distribution alllong the various support groups. A pul sC' - cocle ·- lllodulation (PCM) buffer is r equired to handle 
the data transfer. This assPmbly includC' s core memory , lo~ic and timin~ circuits , and parallel-lo -serial data 
conversion equipnwnl. These' tC'l em etry liPs ca rry 255 paramC'tric channe ls from the LMS to MCC. Each data 
word is expressed as l'ighl binary bits. The data synchronization and formal cnnt r ols, within the buffC'r a ssem­
bly, provide for two ratf•s of lransfC'r : 1,600 or 51,200 bit s per s1•cond. ThC'Sl' are tlw normal S-band and 
backup VHF data transfer rates usC'd in the LM s ubsvsl t> ms. 

1 . 5. 4 . 3 Communication Links. 

- Sixteen independent audio loops are available with the LMS inll•1·racc•. ThC'y providl' simulatt'd radi o com­
munication channel s, as we ll as several modes of intercommunication nel·essarv for thC' functionin •Y of the 
ground training missions. In this latter category arc intercom loops among the· instructors . as well as those 
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with the maintenance personne l and support staff. P a rticularly important among these audio connections are 
the inte rface ties between the LMS, the AMS, and MCC. These integrate the two simulator complexes and 
provide essential voice communications training for MCC and downrange per sonnel. The subordinate utility 
loops (for example, the faculty inte rcom) make possible the most effective coordination of the mission exercise. 

Three console communication system (CCS) keyboards, mounted at the LMS instructor console, provide 
manual selection of all audio interface connections. The cabling and electronic assemblies necessary to furnish 
power to these audio selection keyboards are provided for the LMS as contractor-furnished equipment (CFE). 
The audio loops internal to the LMS are transformer coupled to the interface connections to assure complete 
signal level isolation. 

1. 5. 4 . 4 Timing Links. 

Timing and data synchronization are essential when the LMS is operated independently, as well as when the 
complex is operated in one of the integrated modes . For independe nt operation, the central timing equipment 
(CTE) of the LMS provides the functions perform ed by the LM pulse -code-modulation and timing equipment 
(PCMTE). In integrated operation , synchronization is e ssential for the transfe r of data , much of which is in 
serial form. 

The basic timing s ta ndard to which all signals of the CT E arc synchronized is timing s ignals transmitted 
from the National Bureau of Standards, Washington, D. C. (s tation WWV). The timing equipment provides four 
basic output signals in the form of -6-volt pulse s, as follows: 

• A 40-milliscc ond (minimum) pulse at the rate of one per minute, as a synchronizing input signal 
to the computer complex 

• A 100-millisecond pulse at the rate of five per minute , to drive the two utility event timers at the 
instructor console 

• A 1-kc squa r e-wave pulse train that serves as a timing signal input to the computer complex 

• A 51. 2-kc signal that provides gating pulses to the PCM for the high rate telemetry transfers. 

When the LMS is operated independently (nonintegrated ), the CTE provides an internally generated time 
standard. The clock pulse generator has a stability of two parts per million. 

1. 5. 4. 5 Biomedical Link. 

An analog signal generated by the e lectrocardiograph (EKG) sensors in the astronauts' pressure suits is 
supplied from the LMS to the MCC interface. The LMS can substitute a prerecorded synthetic data signal in the 
EKG telemetry channel. Switches at the LMS telemetry console enable transfe r of this biomedical data over the 
simulated S-band. They also control the channe l inputs, selecting either of the two astronauts' pressure suits 
or the synthetic recorded data. 

1. 6 SENSORY GROUP. 

The sensory group consists of the lunar landmass simulator, the external visual display equipment, the 
LMS cabin, and the aura l cue equipment , discussed in paragraphs 1. 6 . 1 through 1. 6. 4. 

1.6.1 LUNAR LANDMASS SIMULATOR. 

The lunar landmass simulator (LLS) simulates lu nar te rrain characteristics beneath the LM ; it is used to 
familiarlize , tr a in , and increase the proficiency of, the flight c r ew in pe rforming the lunar landing phase of the 
LM mission. Basically, the LLS ope r a tes in conjunction with the simulated landing radar in the LMS computers 
to gene r a te a drive signal for the a ltitude range indicator located in the LMS cabin. The LLS is a special­
purpose hybrid computer that ope rates on-line in a r eal-time mode . It acc epts data and control signals from the 
LMS computers a nd feeds back internally gene r ated analog and logic signals to the LMS computer s . The LLS 
determine s the e levation of the lunar te rrain with r espect to a lunar datum plane. Elevation is m easured from 
a terrain coordinate position at the intersection point of the lunar terrain with the centroid of the landing radar 
ranging beam transmitted from the simulated LM. (See figure 1- 14 . ) The geometric symbols and their defi­
nitions are give n in table 1-10. 

The LLS continuous ly solves equat ions involving motion, geometric r e lat ions hips, and lunar landmass 
characteristics. Simulation is accomplished by the end computation that produces the drive signal for the 
altitude range indicator. Equations of motion for the LM r equire extreme accuracy and are solved digital)y by 
the LMS computer: the fr equency respons e of the signal is r estr ic ted to a few cyc les pe r second to permit· 
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digital computation. The lunar te rrain elevati on signal is computed within the LLS to provide for adequate 
random access to data storage and for a high rate of s olution by use of the LLS high--speed analog computer . 
See figure 1-15 for a block diagram of the LLS. 

The radar r e turn signal is s imulated by scanning factor ed transparencies that repres ent lunar landmass , 
with a moving beam of light, ~rnd converting the light (aft e r it passes through the transparencies) to electrical 
signals. The t r ansmitivity (ability to pass light) of a particular area of the tra nsparency may be measured by 
light to produce electrical signals that r epres ent the coarse and fine e levation levels of the corresponding area 
of the lunar surface . The moving beam of light (flying spot) is presented on a cathode -ray tube (CRT) that is a 
flying spot s canner (FSS). From the CRT , the flying s pot is trans mit.led into an optical assembly, where it is 
split into three beams : two beams are transmitted through the two transparenc ies and detected by coarse and 
fine photomultiplier tubes to provide an altitude range indication: the third beam is applied to the monitor r ead­
out channel photomultiplier tube for use as a scan monitor light stabilization s ignal. (See figur e 1-16. ) 
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Figure 1-15. Lunar Landmass Simulator, Block Diagram 

The LLS contains the following functional components and assemblies: 

~~--~~ 

SM OP- 19,A 

• Photographic image transparencies (factored transparencies) that contain lunar elevation/landmass 
(te rrain contour levels) in the form of grey -level image densitie s 

• A CRT that originates a light source 

• Optical equipm e nt r equired to project the light beam onto the photographic image transparencies 

• Computation equipm ent and CRT bPam-splitting/ defl ection optics that pe rmit the light beam to be 
pos itioned upon, and s wept over, tlw ima ge transparencies (The command s ignals fr om the LMS 
compute r complex that positi on, ori<' nt, and initiate the light beam sweep are proportional to the 
attitude and translation nf tlw LM - transmitl('ci radar ranging beam.) 

• PhotoPIC'ct ri c and video-process ing <'quipm<'nt (c !Pvati on signal selector com puter) tha t extracts and 
processes the information stored on th e' imagP transpa r enc ies and prov ides an output s ignal pro­
portional to lunar te rrain 0levation at a point i11t,, 1·ceptC'd by tlw centroid of the radar ranging beam .. 

The LLS g-e ne ratP::, video signals that l'l'Prt'S C' n( coars(' and fitH' e levati on radar r e turns in synchronism with 
positioning and firing of the simulated LMS radar antPnna. Tlw LLS compute r outputs r epresent t e rrain eleva­
tion at the first radar int e rsec tion point. A constant-dianwt1:' r spot on the CRT represents the radar beam at all 
simulated altitudes. 
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Table 1-10. LLS Geom etry, Symbols and Definitions 

Definition 

Angle between lunar radii 

Lunar terrain ele vation above lunar datum-specifically, 
along a lunar radius vector containing the LM radar 
intercept point 

Absolute altitude of LM 

Radius vector from p (U, V) to lunar terrain intercept point 

Angle between local vertical and effective radar boresight vector 

Angle of azimuth of radar boresight relative to LM reference 
azimuth 

Height of LM above lunar datum surface 

Radar slant range from LM to lunar terrain intercept ground 
range from LM nadir point to lunar terrain intercept; 
W = RB sin 

Coordinates of LM nadir position on lunar surface 

Lunar radius 

FSS CRT 
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The LLS simulates landing radar operation from 50, 000 feet above the lunar surface to touchdown, with 
definitive information below 20, 000 feet. Data that enables interpolation of altitude in 5-foot intervals is 
acquired from 1,000 feet downward. The computational data provided by the LLS takes into account the effects 
of lunar curvature upon all signal information. 

Two landmass areas, at different scale factors, are simulated for each LM mission: a 16-nautical-mile 
square corridor area, and a 16, 000-foot-diameter circular landing area. The scale factor for the corridor 
image is 1,200,000 to 1; for the landing area, 60,000 to 1. Surface-contour intervals are 100 feet for the cor­
ridor area; 5 feet, for the landing area. For each area, terrain elevation is resolved into a maximum of 49 
different levels. The landing area encompasses maximum terrain variations of 248 feet. 

Ten landing corridors are simulated in the LLS. The landing footprint, located at the terminal point of the 
corridor, is defined as the area that can be reached from the hove r point with a maximum velocity. This area 
is 16,000 feet in diameter. The landing site will be the 50-million-square-foot area, located at the terminal 
point of the ten corridors. Its orientation varies, however , from one corridor to another to permit different 
approaches under varying conditions, and to agree with the view presented through the LMS windows by the 
external visual display equipment (EYDE). 

The FSS generates a spot of approximately 1-mil diameter on the CRT phosphor, which creates light 
emission at the spectral frequency of the phosphor. This spot of light is imaged by beam-splitting optics and 
focused on a factored transparency that represents landmass . The LLS can resolve 0. 001-inch contour inter­
vals at 1. 6- and 3. 0-inch displacement from the central optical axis, with a positional accuracy of ±0. 001 inch 
in the landing and corridor area images, respectively. Mechanical factors that effect s pot resolution include 
lens uniformity, positional accuracy of FSS face and factored transparency, flatness of FSS face and surface 
of transparency, and stability of adjustment. Factors that affect positional accuracy of the spot include lens 
linearity, positional accuracy of topographical features on the transparency, and stability of adjustment. 

Positional accuracy of the spot, relative to topographical e lements on the factored transparency , is depen­
dent upon electrical circuitry. Mechanical controls that contribute to overall alignment accuracy consist of close 
dimensional control of features of the transparency, triaxial adjustment of the transparency relative to the 
optical path centerline, and control of the temperature of the optical system to minimize thermal distortion. 
The temperature control system uses cooling air available to the cabinet from the underfloor area . 

1. 6. 1. 1 Controls and Displays. 

The LLS controls and displays (figure 1-17) are listed, with their function, in table 1-11. 

1. 6. 1. 2 Data Conversion. 

Because the LLS portions of the LMS computer operate digitally and the LLS computations are based on 
analog techniques, the information passing across the LMS-LLS-LMS interfaces must be converted accordingly, 
as follows: 

• U (longitude portion of LM nadir point): Input from the LMS computer as 14 bits (DWOD) plus sign 
(DBO). This is converted to analog data in LLS digital-to-analog (D/ A) converter. 

• V (latitude portion of LM nadir point): Input from the LMS computer as 14 bits (DWOD) plus sign 
(DBO). This is converted to analog data in the LLS D/ A converter. 

• H (LM height above datum): Input from tlw LM S compute r as 12 bits, always positive. This is 
conv0rted to analog data in LLS D/ A converter. 

• µ (ang-le between loc al v0rtical and !'ffrctivt' radar boresight): Inpu t fr om the LMS com puter as 
14 bits in the form log tan µ. Thi s is convc rt PCl to ana log data in the LLS D/ A converter. 

• p (azimuth angle of radar borcsight): Input fr om the LMS computer in the form of two sets of four-
wire analog resolver data, representing thf' si1w and cos ine of p • Each set also inputs sign and 
reference data for quadrant resolution and phase comµarison , respectively. Conversion to pot 
shaft angle in the LLS is accomplishf'd by tlw rf'solver shaft-positioning servo. 

• Sync signal (one-bit output from LMS cnmpul <' r ): Din•l'l use. no conversion in the LLS 

• Landing/ corridor area commands (0111• - bil output from LMS computer): Direct use, no conversion 
in the LLS 
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Table 1-11. Lunar Landmass Simulator, Controls and Displays 

Control or Display 

POWER SUPPLIES indicators 
+30V, -30V, -24V, +l00V, 
-l00V, +50V, -30V, -18V, 
+12V, -6V, -20V, -250V, 
+30KV, +2KV, -2KV 

DC DISTRIBUTION indicators 
+30V, -30V, +l00V, -l00V, 
+50V, -30V, -18V, +2V, -6V 

OPERA TING TIME meter 

DC POWER OFF switch 

DC POWER ON switch 

LA/CA indicator 

POWER CONFIDENCE 
indicator 

DATA CONFIDENCE 
indicator 

FSS OVERBRIGHT PUSH TO 
RESET switch light 

MAIN AC POWER, FLYING 
SPOT SCANNER SERVICE 
OUTLETS and CMPTR 
SERVICE OUTLETS ci rcuit 
breakers 

Function 

POWER CONTROL Panel 

Indicate operational status of LLS power supplies 

Indicate operational status of d-c voltages applied to 
LLS distribution buses 

Indicates total number of hours LLS is in operation 

Provides d-c power turnoff without disturbing primary 
a-c power distribution 

Applies primary d-c power for LLS distribution 

Indicates mode of ope ration (landing area or 
co rridor area) 

Green light indicates that 30KV, +2KV, and -2KV 
power supplies are operating properly. 
Red light indicates that one or more power supppies 
(30KV, +2KV, and -2KV) are inoperative. 

Green light indicates that LLS is solving problems 
correctly and is providing solutions to LMS 
computer complex. 
Red light indicates that LLS computer is receiving 
erroneous information from LMS computer complex, 
and cannot perform its problem-solving function. 

Green light indicates that scan of FSS CRT is at 
normal brightness levels. 
Red light indicates that automatic blanking has 
occurred because of unsafe brightness condition. 
Switch must be pressed to remove blanked contition. 

Control prima1y a-c power to indicated circuit and 
service outlets 

PHOTOMULTIPLIER BIAS CONTROL PANEL 

COARSE ELEVATION, 
FINE ELEVATION, and 
MONITOR vernier controls 

Step-type, selector switches 

Provide vernier control of gain of photomultiplier 
tubes; used in conju nct ion with step -type selector 
switches during a lignment procedures 

Prov ide stepped leve ls (1, 2, 3, 4, and 5) of photo ­
multiplier ga in; used in conjunction with COARSE and 
FINE ELEVATION vernier controls during a lignment 
procedures 
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Table 1- 1 I. Lunar Landmass Simu lator, Controls aud Displays ( cunt ) 

Control or Display Func tion 

CRT Alignment Control Panel 

U POSITION Rl CRT Alignment Control panel 
V POSITION R2 The controls are adjusted during initial alignment. 
U SIZE R3 The nomenclature of the controls is self-explanatory 
U PINCUSHION R4 as it applies to the FSS CRT. 
V SIZE R5 
V PINCUSHION R6 
DYNAMIC F OCUS R7 
STATIC FOCUS RB 
SPARE R9 
SPARE Rl0 

• el (lunar te rrain e levation above lunar datum) : LLS elevation data. Analog output directly lo LMS 
computer: one-bit outputs (DBO) on status and/ or confidence of et output 

• Two A/ D inputs to the LMS computer to permit synchronization of each multiturn azimuth servo, 
cos p and sin P 

• DBI to the LMS computer, indicating that the LLS has not determined a value for et within two 
sweeps (approximately 84 to 100 milliseconds). 

- 1. 6.1. 2. 1 Computer Drive Signals. 

Twelve drive signals (figure 1-18) are supplied to the LLS by the LMS computer complex and its associated 
signal-conversion equipment, as follows: 

1-60 

• U (longitude portion of LM nadir point): A 14-bit digital word, plus sign, proportional to the 
longitude coordinate of the point of intersection of a lunar radius extended to the LM center of 
gravity. This selenographic coordinate position is translated into the coordinate system required 
by the landing site and each landing corridor orientation; it is used within the LLS to establish the 
origin of the light beam sweep on the factored transparency . 

• V (latitude port.ion of LM nadir point): A 14-bit digital word, plus sign, proportional to the 
latitude coordinate of the point of intersection of a lunar radius extended to the LM center of 
gravity. This selenographic coordinate position is translated into the coordinate system r equired 
by th e landing s ite and each landing cor.ridor orientation; it is used within the LLS to establi s h 
the origin of the light beam sweep on the fa c tored trans parency . 

• H (LM height above datum) : A 12 -bit digital word, proportional to the distance between the lunar 
datum and the LM center of gravity, mea surC'd a long a lunar radius. This signal r eflects the 
unique' lunar datum for each landing site and landing corridor. The scaling is as follows: 

Digital word 00-----0 (12 bit s) 

Altitude', H -= 0 feet (corridors and landing s i1Ps) 

Digital word 11 - ----1 (12 bits) 

Altitude , H "' 2,048 feel (landing s ite• ) 

Altitude, H = 65,536 feet (corridor) . 

• Log tanµ (log tangent of effective radar bnr C'S ig·ht angl<'): A 14 - bi l digital word, proportional to 
the log tangent of the angle between the centrnid v<•ct,1r of the' radar ranging s ignal and a lunar 
radius passing through the centC'r of the radar bPam soun·<' . Tlw scaling is as follows: 

Digital word 00--- -- 0 (14 bits) 

Log tan ~' ~ - 4 
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Figur e 1-18. LLS- LMS IntC'rface , Signa l Diagram 

Dig it a l word 11 -- - - -1 (1 4 bits) 

Log· tanµ = +3. 

• Sin (s in P ), cos (si n p ): Two 400- cycl<' rf'solvcr sourc e s igna ls (14-bit conve r sion), pr oportional 
to U1e s ine of the r ada r bor es ight a z i111ulh a ngle. This a z imuth angle is t r ansformed into the 
coor d ina tes tha t define eac h corr idor and la nd ing site , depe nding on the ir orientation on the 
fac tor ed trans parency. A number of turns of tllf' s imul a ted sour ce r esolver r epre s ent t he load 
r a nge of sin P betwee n O and 1. 

• Sin (cos P ) . (cos p ): Two 400--cyc lc resolve r source s igna ls (14 -bit conve r sion) pr oportional to 
the cos ine of the radar boresight a z im uth a ngh'. This az imuth angle is t ransfor med into the co­
ordina tes tha t define each corridor and landing s ite . depending on the ir orie ntation on the facto r ed . 
trans parency . A number of turns of !hf' simul a ted source resolve r r epresent the load r a nge of 
cos p between O and 1 . 
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• Digital bit outputs (DBO's): Two Boolean signals (contact. closures) that ctefine thC' quadrant of 
the radar boresight azimuth angle ( P ). The relationship between binary code and quadrant is 
dependent upon the orientation of the factored transparency. 

• Digital bit output (DBO): ·A Boolean signal that inform s the LLS that a scale change is necessary 
during transition from a landing corridor to a landing s it e 

• Sweep synchronizing signal: A si{{nal that initiates the flying spot sweep from the nadir position, 
subsequent to a computer upctate of the required posit ion and orientation command signals. 

1.6.1. 2. 2 Translational and Rotational Velocity. 

The translational ve locity of the simulated LM is as follows: 

• 600 fee t/ second at the landing site scale 

• 6,000 feet/ second at the landing corridor scale. 

The rotational velocity of the simulated LM is 60°/second at the smallest simulated landing site scale. 

1. 6 . 1. 2. 3 Output Signals. 

LLS output signals are as follows : 

• A d-c analog voltage (±10 volts maximum), proportional to the e levation of the lunar terrain above 
the lunar datum at the point of radar beam interce pt. Two elevation scales are applicable to this 
output: one scale represents the maximum differential elevation of a landing corridor; the other, 
the maximum differential elevati.on of a landing site. The scaling is as follows: 

- 10 volts de is equal to 0 feet above the lunar datum 

+ 10 volts de is equal to 512 feet above the lunar datum landing site 

+10 volts de is equal to 8, 128 fe et above the lunar datum landing corridor. 

• An A/ D input signal, proportional to the cosine of the radar boresight angle (P ). This signal 
permits synchronization of a multit:urn servomechanism in the LLS. The servomechanism, upon 
receiving the analog signal, produces a computer output command signal that is proportional to 
cos p • 

• An A/ D input signal, proportional to the sine of the radar boresighl angle ( P ). This signal 
permits synchronization of a multiturn servomechanism in the LLS. The se rvomechanism , upon 
receiving the analog signal, produces a computer output command signal that is proportional to 
sin P • 

• A confidence signal , using a set of contact closures, to indicate that all lunar landmass simulation 
power is available and operating 

• An e levation confidence signal, using a contact c losure, to indicate that no value of terrain 
elevation has been determined within two CRT sweeps (approximately 105 milliseconds ). 

NOH 

T hi s s ignal docs not a.ffcct tlw ope rational continuity of the 
LLS . Upon determination of an Plevatiun value, the contact 
closure is negated. 

1. 6. 1. 3 Power Distributi on. 

Actuati on of the main a - c powe r switch fpeds 110 -v,i lt, G0-cyclt • powt'l' t11 the LLS. The a-c voltage is 
A distribut_ed to modu~ar \JOW~'r s u1~p lies that <' nc r gizc contrnl 1·(' lays .. Tht• , 20- , -2 4-, and +6-volt supplies are 
w,rouled direc tly lo d1stnbut10n . r he -24-volt supply 1s th<' r!'lay lo~·1c s uppl y: a r e lay ope ns the -24-volt line 

if a powe r supply fails or it its output drops. This r e lay act.ion t!'rminalt'S cii s tribution of power to the compute r 
cards and deene rgizes the high-voltage powe r supply nPtwork. After the r elays are ene r g ized and the -24 -volt 
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line is complete, an additional relay is activated manually so that -18 volts is applied to the computer cards 
via the di s tribution panel. The -2- and +2-kilovoll supplies each have an internal 30-second time delay. When 
these supplies attain their respective voltages and all r e lays are energized, the LLS is ready for operation. 

1. 6. 1. 4 Flying Spot Scanner. 

The flying spot scanner (FSS) provides a means of addressing and reading data on the factored transparen-
cies, by performing the following major functions: 

• Accepts input command data in the form of parallel digital words and four-wire synchro signals 

• Synchronizes system operation to the 50-millisecond data update rate of the LMS computer 

• Accepts, and operates on, logical input signals to control the scaling and polarity of data inputs 
and functional computations 

• Generates sawtooth ramp and gate signals for use in analog computation and CRT sweep 

• Provides for geometric aspect distortion 

• Provides for dynamic focus correction 

• Stabilizes CRT spot intensity 

• Protects the CRT from overbrightness and loss of sweep deflection voltage 

• Presents coarse and fine nonstandardized elevation signals to the elevation signal generator for 
further proces sing 

• Provides the elevation signal generator with positive and negative sweeps 

• Transmits a confidence signal to the LMS computer to denote proper operation of the FSS. 

The FSS generates and positions a CRT spot on the fac tored transparency and r eads the light level that 
results after the spot has been modulated by the specific density of the factored transparency. The FSS optical 
system comprises the lenses, mirrors , and alignment devices necessary to focus the spot on the factored 
transparencies and, then, to direct the modulated spot into photomultiplier tubes for readout. The FSS 
assembly has integral high-voltage power supplies, distribution networks, and control-monitor electronics. A 
simplified schematic diagram of the FSS is shown in figure 1-16. 

The luminous spot on the fac e of the CRT is focused through a 1-to-1 imaging system onto two factored­
transparency plate areas . A condensing lens behind each plate area floods a corresponding photomultiplier 
tube with light from the focused spot; the intensity of the light is modulated by the density of the emulsion on 
the transparency . Approximately 12% of the spot energy is diverted by a condensing lens before reaching the 
transparency plates. This portion of the spot, projected into a third photomultiplier tube is used for maintain­
in·g constant spot brightness through suitable circuitry. 

1. 6.1. 4. 1 CRT Deflection Drive. 

Deflection. drive s ignals are generated in two different ways . First, to simulate the LM position directly 
above the lunar su rface , the digital inputs (U and V) are r ece ived and converted into scaled analog voltages in 
the 14-bit D/ A conver ter . A logic s igna l for s ign accompanies each digital s ignal to invert the output of the 
D/ A converter, if r equired. After modification in the geometric aspect distortion corrector, the s ignals (U 
and V) are directly applied to the defl ec tion drive>rs in r ect ilinear coordinates. The second type of drive signal 
is derived from translation of the r a mp (W) throug·h angle P , into rectilinear-coordinate drive signals U and V. 
The sweep resolve r servo is used to re>solve tllC' ra mp through multiplication of the ramp by sin P and cos P 

values. The deflection s ignals (U and V). after modification by the geometric aspect distortion corrector, are 
summed with the ot her deflec tion drive signals (U and V) in the deflection drive circuits. 

1. 6. 1. 5 Lunar Landmass Simulator Compute r. 

The LLS computer contains the solid- s tate ekc trnnics used to gPnerate control and log ic signals for the 
LLS and to proces s the FSS te rrain e levation signa Is s tored in two imag-es on the factored transparency. The 
LLS signal processing multiplexes a nd standardizes the coarse> and fine terrain elevation information: it also 
performs trigonometric computations to generate' the pro1wr composite lunar te rrain elevation signal at the 
point of intercept of the landing radar beam with the lunar su rface. The computer is subdivided into two major 
functional assemblies: the e levation-signal gene r a tor and th e elevation s ignal selector computer. 
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- 1. 6. 1. 5. 1 Elevation Signal Generator. 

The e leva tion si~1a l gene r a tor (ESG) consists of volta ge di sc rimina tors and logic circuits that multiplex, 
standardize , and gene r a te a composite terrain elevation signal. The ESG performs the following functions: 

• Provide s una mbih'UOUS discrimination of one of nine coarse leve ls and one of the nine fine !eve ls 
presented a s the output of the FSS 

• Provides the complement of the detected even fine levels before adding the proper value of fine 
da ta to coarse data 

• Standardi zes coar se and fine s ignal leve ls be fo re multiplexing 

• Sums coa r se and fin e te rrain e levation si r~na ls to for m a co mposite linea r te r ra in elevation si gnal. 

1. 6.1. 5. 2 Elevation Si gna l Selec tor Computer. 

The e levation signa l se lector compute r translates and processes the F SS da ta fo r use as signa l inputs to 
the altitude r ange indica tor in the LMS cabin. Basica lly , the e levati on s igna l se lec tor computer perform s the 
foil owing functions: 

• Generates standa rdized e leva tion data fr om the FSS and corrects fo r lunar curvature effect s 

• Computes the pr ope r e leva tion signal , based upon e leva tion angle comparison technique s 

• Sa mples and filte rs e levation data for continuou s presenta tion to the LMS altitude range indicator 

• P rocesse s the r equired LMS compute r input data fo r inte rna l use and computation. 

Ana log signa ls that correspond to va ria tions in luna r te rra in e levat ion a r e r ece ived from the FSS photo­
multiplie r tubes and pr oce s sed by the ESG , whe r e a s tandardized te rra in e levation s i~1a l is gene rated. The 
va lue of the terrain e levation s ign a l is furthe r proce s sed a.nd co r rected in the luna r curva ture effe cts gene r ator 
because the spherical luna r da tum surface cannot be direc tly simula ted on the fa ctor ed transparency. The 
correc ted value of the ter r a in e leva tion s ignal is then sent to the angle comparison computer and the s ample and 
hold c ircuit. The sa mple and hold circuit ho lds the va lue of the te rra in e levation signa l , a·s determined by the 
angle comparison compute r , until the next sync o r updating com mand pulse is r ece ived fro m the LMS com pute r. 
Thus , a steady sequence of luna r ter r a in e levation output s ignal s is s uppli ed. 

The angle comparison computer r ece ives value s of he ight of the LM above the luna r da tum surface a nd log 
tan fr om the LMS compute r (upda ted at the 42-millisecond sync r a te) and a ll value s of the ter r a in e levation 
signa l gene r a ted by the FSS. Whe n the inte rna lly gene r a ted angle equa ls the angle r ece ived from the LMS com­
pute r , the va lue of the te rra in e leva tion signal be ing swept a t t hat time is sampled and held as output data . 

1. 6 . 1. 5. 3 Luna r Curva tu re Effects Gene r ator. 

As t h<' gr ound range inc r ea se s fr om the loca l ve rt il': tl , the e ff ec t s of the s phe r ica l luna r datum must be 
taken into account. F'i µ:u re 1- 19 de pi ct s the gcu nw t ry of lunar c· u 1·vature pffects . The lunar curvature effects 
genera tor r ece ives swep t e levat ion data f rom the e leva tion s ir;na l µ:c nerator and a r am p (W), correspondin{:'; to 
gr ound r a nµ:e fro m the F'SS ramp gene rator. Inc r e me nt s pn,porti " nal to the gr ound range a r e subtra cted fr om 
the s wept e levation data tn com pe nsate for the sphe ri cal lunar da tum surfa ce . 

1. 6. I. 5. 4 Ramp a nd Gate Ge nera tion. 

Basic to !he opera ti(m of the F'SS and lhc l'IPva t ion s iµ:na l SC' ll'do r Cllmput e r a n ' synchronization of ci rcuit 
functions and {:';C ne r a li nn of a sweep ra m p (W) fo r us(' throur:hout thl' LLS. Opera tion of the LLS is perfo r med 
at 42 mill iseconds/ scan . Ge nC' ra ti on of the .t 1·amp ( 1. W) and a f lyk1ck µ: al e in the synchronize r and gate 
gene r a tor is synchroni zed lo th e LMS comput(' I' sam plP- data rail- nf 50 milli seconds . Thi s synchronization is 
acco mplished through use of the sync s i {-';na l , n'Ct' iv <'d fr o111 tlw LMS com pute r. whic h s tarts gene r ation of the 
ram p. 

1-64 

"-J 



l. 6 . 1. 6 Fa ctored Transparency . 

The require ments for landmass simulation are imposed on the LLS from a knowledge of the LM mission 
profile and the LM landing radar operating characteristics. Two landma ss areas, at different scale factors, 
must be simulated for each LM mission: the 16-nautical-mile square corridor area and the 16, 000-foot­
diameter circular landing area. Surface contour intervals are 100 feet for the corridor area; 5 feet, for the 
landing area. For each area, terrain elevation must be resolved into a maximum of 81 different levels. 
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Figure 1-19 . Lunar Curvature Effects Geometry 
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A Analog data storar(e in the form of a factored transpare ncy pro vid<:i-; lhe necessary landmass storage . 
~his type of factored transparency system is neccssitatt,d by r eal -t im e computing requirem ents and the need 

for random access to any part of the landmass data. Lunar terrain is simulated by storing the features of lhe 
terrain on two separate film-like transparencies. The ability of the terrain to reflect transmitted radar pulses 
is simulated through the transmitivity (ability to pass light) of the transparencies . One transparency is used to 
produce coarse elevation data; the other, to provide fine elevation data. Each transparency depicts a corridor 
area and a landing area at different scale factors. The transparencies represent a map-like view of a lunar 
area; the transmitivity at any point of the transparency represents the elevation of the corresponding point on 
the terrain. With this stored information available, synthetic radar returns can be produced. 

1. 6. 2 EXTERNAL VISUAL DISPLAY EQUIPMENT. (See figure 1 -20. ) 

The external visual di s play equipment (EYDE) consists of four viewing subsystems: left window, right 
window, overhead window, and telescope. Each viewing subsystem comprises a visual display section wilh 
inputs from television and celestial sphere image generators controlled by commands from the LMS computer 
via the interface junction section. The image-generating sections generate lunar or earth mission images and 
t-ransmit them to the visual display section. There are seven ima!{e-gene rating sections (figure 1-21) as 
follows: 

• Three window star display s 

• T elescope star display 

• Rendezvous and docking 

• Landing and ascent 

• Mission effects projector. 

The EYDE major components are listed in table 1 - 12 . The visual display sections present the generated 
views to the flight crew astronauts by combining TV and star display s. The interface junction section provides 

-the electrical interface between the LMS computer and EYDE. 

The EYDE presents a realistic simulation of views expected to be seen by the flight crew astronauts through 
the three LM cabin windows and the telescope during the lunar or earth mission . Simulated views of the 
Command and Service modules (CSM) during rendezvous, docking, and flyby maneuvers are presented. 

The window and telescope displays provide the following: 

• Realistic visual presentation of external environmen t during all flight phases 

• Simulation of attitude orientation of Heaction Control Subsystem 

• CSM acquis ition for tracking, rendezvous , docking, and flyby 

• Lunar landing, including abort 

• Lunar launch . 

The external views th1·ough !he LM windows and tel<'scoJH' are sim ulat ed by di sp lay of virtual images of the 
star s, earth, moon, and the CSM. The imag·e patte rn, s hape proportionate s ize, outline, and detail depend on 
viewing ran!{c, orienta tion of objPct with respect tu LM an f!,"ular displ acement , and visual perspective as com­
manded by thc eomputer t·om pl Px . Scenes a1·p s uperimposed ov!'r a star baclq~round without noticeable blur ring-, 
distortion, 01· bleed-thr.,up;h. Sct'nf's a re shifted without notic f':ib lt• jitter. Shifts in scale a r c minimized: they 
do not detract from training value. 

T he following extcritH· portions of the LM that are within !ht• fil'ld of view are visible as masks: 

• Reaction Control Subsystem jets 

• Portion of the forward hatch 

• Front landin~ gea r leg- and pad. 

These items are di splayed as they would be seen from the viewinh position. Durin~ the ascent phase. the 
front land ing gear leg mask is r e moved upon receipt of a siµ;nal from !he comput e r . Relative velocity, accel­
eration, and pos itionin~: of lhe objects being- viewed by the fli µ; ht c rew arp obtained !J~, the r esponse of the image 
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--~enerators to reciprocal computer commands. Views of the lunar surface. generated by the mission effects 91-1rojector (MEP), are presented through all windows and the telescope when the simulated LM is at an altitude 
above 1, 200 feet and in the proper attitude. At a simulated altitude of 1, 200 feet or less, above the lunar 
surface, images of stars, earth, lunar views (depending on vehicle attitude), and the CSM (as a blinking light) 
are available through the overhead window and telescope : the ·right or left window presents a lunar-surface view 
as generated by the landing and ascent model. The remaining window presents an appropriate MEP- generated 
scene that will not drop below 300 feet, even after touchdown. Displays of the CSM are presented independently, 
simultaneously , and in the correct angular relationship (perspective) through both front windows, or through 
the overhead window alone, or in the telescope alone. 

The following occultations are provided upon command from the LMS computer: 

• Of the stars behind the moon (by occulter) 

• Of the earth behind the moon (by occulter) 

• Of the CSM behind the moon (computer control) 

• Of the moon behind the CSM (by video insertion) 

• Of the lunar surface by the LM shadow (by video inse rtion of CSM docking e nd view) . 

Ta ble 1-12. EVDE Major Components 

Designation Nome nclature 

Al Left window display 

A4 Left window di s play, e lectronics rack 

A5 Mission e ffe cts projector (MEP) 

A5Al MEP controls assembly 

A5A2 MEP probe 

AlO Re ndezvous and docking image generator 

A10A5 RcndPzvous and docking model contro ls assembly 

AlOA6 Rende zvous and doC'king model and probe e lec tronics 
rack 

A13 Landing and ascent image generator 

Al6 Telescope dis play 

A20 TclesC'opc display, e lect r onics r ack 

A23 Ovcrhl'ad window display, e lectroni ('S r ack 

A26 Clost'd-l'ircuil TV, c-onlrol raC"k 

A29 Right window display, c leclrnnic s rack 

A32 Hight window display 

A33 Signal di s tribution, 1.1S 

A38 Overhead window dis play 

A40 Powe r di s tribution ra<"k, I.JS 
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The EVDE generates, integrates, and presents views of the lunar surface, CSM, starfield, and earth in 
apparent six degrees of freedom (with respect to two viewers) during the following operational phases: 

• Lunar orbit 

• Descent 

Coasting descent transfer orbit 

Powered descent 

Initial powered descent 

Final powered descent 

Hover to landing 

• Ascent 

Powe red a scent 

Coasting ascent transfer orbit 

Rendezvous 

Docking 

• Abort. 

Due to the absence of a lunar atmosphere, scene brightness falls off rapidly as the viewing angle increases 
from the nadir. The EVDE provides scene brightness consistent with changes in viewing angle. Contrast 
range (approximately 6 to 1) due to the different albedos of the various substances that make up the lunar: sur­
face is simulated. Brightness of each star is to the nearest magnitude. (A brightness change of 2. 51 is equal 
to a one-magnitude change.) Brightness is rounded to the nearest magnitude integer. 

l 
Upon command from the computer. the display scene may be positioned to any position previously at laihed 

during a problem. and includes adequate control of transient effects of the return to protect the equipment from 
damage. Repositioning to any part of the problem does not take more than 5 minutes; it usually takes less than 
2 minutes . The image generation sections provide the following rotational and translational accuracy. Rot a- . 
tional static accuracy is better than 0. 5°, except that the celestial sphere image generator of the telescope dis ­
play has an accuracy of 1. 0 minute of arc. The navigational stars of the telescope celestial sphere are pre ­
sented to the optic s of the telescope with an accuracy of ±1. 0 minute of arc with respect to their true inl e r s pat ial 
position. The r emainder of the star background is sufficiently accurate to enable recognition of conslellat ions 
so that navigational stars can be identified. 

The nadir pos ition is accurate within 1. O"i, of maximum scale altitude for each MEP altitude r ange. 
Rendezvous and docking range are within 1. O' ',', of range from 30. 000 to 10 fee l, and within 10. au; of r a nge 
from 10 to 4 feet. Landing altitude is accurate within 1. 01

',', of altitude from 1. 000 lo 20 feet. 

1. 6 . 2 . l Ove rhead Window Display. 

The n1·erhC'ad window projects a composite of separately generated images through the s imula ted LM cabin 
window. One ima[.'.e is of an occult ed celestial starfield. Supe rimposed upon thi s image, is an image compos ed 
o f inse r ted images ge ne rated by the MEP. and A or Rand D TV inputs. The ove rhead window display subsystem 
includes thP following assemblies: 

• Eyepiece beamsplitler 

• Eyepiec e n1irror 

• Aspheric corrector le ns and beamsplitter 

• Celestial sphere beamspl.itter 

• Celest ial sphere mirror 
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• TV beamsplitte r 

• TV mirror . 

The optical elements a re mechanically mounted; they provide an 8-inch circular pupil and a 45" x 65° fic>lcl 
of view. The overhead window display is stationary; it has no moving part s. 

1. 6. 2. 2 Left and Right Window Displays. 

The left and right windows display the starfield image seen by the astronauts. Figure 1-22 depic ts the 
right window display , which is typical of the optical arrangement in the other windows . It consists of a celes ­
tial sphere. celestial sphere electronics assembly , and an illuminator and occulter assembly. One assembly 
is required for each window display (left. right , and overhead windows of the simulated LM cabin). A wi ndow 
display consists of a 500-watt mercury arc lamp that illuminates a 27-inch-diameter celestial sphere through 
the image-forming, condensing, and transformation optics. The starfield is simulated by s teel balls of var ious 
diameters . a ccurately placed on the outer surface of the celestial sphere. A single occulting mechanism , in 
the collimated por tion of the light path , provides lunar occultation. This occultation system comprises a 
variable -diameter disk effectively subject to two-dimensional placem ent in two orthogonal directions. The di s k 
diameter is a function of the solid angle subtended by the object to be occulted, as seen from the LMS cabin . 

LEM CABIN 

l -'7 2 

BEAM SPLITTERS 

CORRECTION 
LENS 

COMPRESSOR 
LENS 

CELESTIAL SPHERE 
DISPLAY UNIT 

EYEPIECE 
MIRROR 

Figure 1-22 . Right Window Display, Functional Diagram 
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During actual space flight, the vipw of llw <·1 •le s t ial s ph C'l'C' shows c hanges lhat <'<HT<,sp"nd I." llll' P"s il i1111 
and attitude of the LM and to its roll, pitch. a nd yaw motion s . This c han ging vil-w of lh<, c·c,l<·stial sp1J1·ri1 i '-i 
simulated by mounting the celestial sphere in a g imbal syst1 •111 lhat provides n,tat ion of ttw celes t ial sphere 
about three orthogonal axes which are relat ed by transformations to roll, pil ch. and yaw. The ce lesl ial sphr• n · 
is rotat ed by three motors in response to commands generated by the computer. 

1. 6 . 2 . 3 Telescope Star Display. 

The telescope star display provides the LMS te lescope with a simulated s tarfield display and m eans fo r 
occultation of this field. The telescope star di splay, in conjunction with the telescope di s play subsection. 
pre sent s an infinite image starfield that is dis played at the entrance pupil of the LMS te lescope. The illumina­
tion system for this display provides the m ea ns for lighting and controlling the image s ize of th e s imulated 
s tars . The illumination source is collimated by th e condensing lens of the proj ector lamp assembly, projected 
through the occult er assembly, and refocused by the projec tion lens assembly onto the subminiature r e lay 
mirror that i s cemented to th e celestial sphere beams plitter mirror. This secondary image serves as the 
source for illuminating the ce lestial sphere. The balls, illuminated by thi s light sou rc e, form an image of the 
light source at their focal surface. This image is minified by th e r at io of the d istance from the ball to th(• 
source and the focal distance of the ball. The resultant image , viewed by the telescope, is subliminal (less 
than 1 minute of arc). 

Moti on of th e LM r e lative to the moon and stars is s imulated in th e le lescopf, st a r di s pl a y liy n 1< ,tiu11 <if 111, ­
ce leslial s phere a nd lunar occ ult e r in response to computer-derivect commands. Fur lhi s pu rpnse, thf• 
!!,' imbal ect celestial sphere (containing the s tarfield) has three degrees of fr eednn1. 

The illuminat ion -ocn1ltation assembli es are A18, A19, anct A20, fi h'l. lrf' 1- 22. A hi gh -prcssur r, mr •rcur y 
arc lamp a nd a co llim atin!!,' le ns are housed in the proj ec tion lamp as sem bly. Th e collimat ed lwam uf li g ht i'-i 
projected throu gh the lunar occulter assPmill y. and a servo-driven occ:ulling disk is focused on the surface uf 
the celest ial sphere by the projection lens assembly. The optical axis of thi s sys tem is coincident with th< · 
telPscopP lin e of sight: the X-axis of the occulter is contained in the X. Z planf,: its Y- axis is alig·ned parallel 
tn the Y-axis of the simulat ed LM cabin. The diam eter of t he occ ultin [.!; d is k is varied by s ignal s fr om the 
comput er . to co rrespond with th e distance of the LM from the moon . 

- I . 6 . 2 . 4 Rendezvous and Docking Section. 

e 

The rendezvous and docking· sect ion (fig11 r e 1- 23) visually simulates the r endez vous and docking maneuver , 
with mode ls of the CSM and TV probes, in a space of approx im a te ly 30 fee t. The r endezvou s and docking 
section consist s o f the following subsystems: 

• CSM models and probe carriage 

• Rende zvous and dockin g probe 

• Closed- c ircuit TV 

• fli ght window focusing· CHT 

• Left winctmv focusing CRT 

• Ov <·rlH',td wind ow focusi ng CHT. 

I . fi. 2 . 4. I CSM MndPls and Prnbe C:uriar~c. 

This subsystem sim ulat es lhe viC'w of thC' CSM and the range bet,1·een the CSM and th e LM. T he initial 
pha se of rend<;zvous. from 20 nautical miles to 14 . 000 feet. is ·r eprese nted by a blinkin!!,' beacon light locat ed 
in till' nns<' of thP r e ndezvous mod el. During th e second phase of r e ndezvou s . between 14,000 and 8 , 000 feel , 
tlw CSM is represented as an obj ect by the illuminated mode l. During these two pha ses. the probe carria t!:e is 
25 feet from the rendezvous model. The int e nsity of the blinking beacon light and the ill um ination of the mode l 
is vi deo attenuated to approximate the c hange of range. The third phase of r e ndez vous. from 8 . 000 feet to 530 
fef't , is simulated by motion of the ca r riage toward the rendezvous model. from 25 feet to 18. 8 inc hes . At the 
530-foot range. the view from the probe is r eve rsed. by r emoval of the dissolve mirror. placing the carria~c 
~G. :i feet from the docking model. Closing· the rangf' from 53 0 fC'et to thf' dockin g pllint is sim ulated b\' tr a ,;el 
nf the ca rri ai,e toward tlw docking model. Tlw illumination subassembly of both models consists of fix l'd ha nk,.: 
o f lights arranged in rings surrounding the mndt: ls. Ligh ting of th e mode ls simulates solar illuminati ,111 bv 
se lec tive switch ing of l lH' prope r quadrant of light banks . The e lect r o nics section n•cei1·cs conim ;u id sknab 
and transmils powPr lo e ffect all pre viously dc> sc rilied drives and switching·. ' 
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The docking probe assembly simulat es the vie\\'S from ll1e LM in it s various attitudes with respect to the 
CSM. The prime component of the assembly is the articulated twin pl'Obe , whose optical systems trans fer the 
imai;cs Lif th e CSl\-1 on to the faC'PS of two stationary TV cam e ra tube:;. Servo -controlled len ses focus the images 
as a fun l't ion ,if ran gC'. Tlw -i ptical system is capable of unlimited r otat ion of the lines of s ight in azimuth and 
C'levati,rn . Tlw 1h irct r o tati nnal ctC'grt' f' of frerdom, roll of the LM al>out lhe image axi s between the LM and CS M 
is take n rarr of hv ctiffC'rPnt b l m ,xlel r oll. 

,\ :· im uth a nd ,' ll'\':1t i, ,n 1111,t illns arc transmitt,·d to an optical scanning head assembly. whic h contains a dif­
f1 •1·,•n tia l dn,·c t" sll rt ()U\ put·<' a z imuth anct Pll'vati"11 mot or anct dala - Pknll'nt r o tations . /\ shaft that coml>ines 
a z in rntlt and cl,·,·.t1i<111 nitat1,m:;; driVL'S thP dC'rutati,rn p1·isms in the optical den,tation and focus subassembly. 
Tltl' fncusing lt'n s lfr ivl' n•quirC's a 1H1nlinear c,n11111 :1nd si1~nal as a functiL111 of mude l rangC' to mov<' th e lens 
,n·e r a total rlista1H·e ,if 0. 060 mch . 

T l!C' basic op!tl'a I pn,lw l'ks ii;n pla ces !ht> rnt 1·a m·c pupils at a scpa rat ion and di s placement (fr om th, · <'C'n t C'r 
uf rulation) at I ·20 scalC' nf the lrft and right window viewpoints of the two astronauts, corn:spondi11g to the 1 1 20 
scalt• of the dl)cking mode l. t hu:,; assuring proper prrspective and angular orientat ion during the docking phas_c . 
T lw 25 - font nwde l dista11l'e. l·,i,-responding lo the 8. 000-foot range at th e s tart of the final rendezvous phase. 
rrquires a I 320 sca le reduction of probe and model. !3y interposition of a 4X power telescope bet wC'en llw 1 1 20 
scale probP and the I :80 scalC' rendezvou s mode l. s iz ,, anct perspec tive are prope rly scaled by opti cal methods. 
A smnot h transitiun fro m rendt>z vous am! docking model viPw is perform ed by withdrawal of a dissolve mirror 

~ -it t lw 530-foot trans it ion range. After dissolve mirror withdrawal, the e ntirf' telescope assembly is moved 
'Whchind the articulated probe to avoict interference with th e illumination subassembly dur in[.!: the terminal docking 

phase. Tn addition l,i the lf'ft and right window view presentation. the probe is used lo present exclusive views 
throu gh the over lwad window or through the telescope in its three discrete dir ec tional sett ings. To assure 
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prnpe r image orientation and line-of-sight direc tion, corresponding coordinate trans formations must he feci 
into lhe computer. 

1.6.2. 4.3 Closed-Circuit TV. 

The closed-circuit TV electronics section controls lhe cameras, produces lhe sy nc s ignals. and cc,ntain,-; 
a video sw itching unit for selection of the proper CRT display for left or right window . o\·f' rhe:1d \\·indow. <lr 

telescope view. Il also contains the beacon light attenuator lo approximate the change of r :mge . a.nd \"ideo 
insertion units to insert the image of the CSM (whose shadow is illuminated sufficiently to l•ffecl s'.1· itc hing) int o 
the im age r eceived from the MEP. 

1.6 .2 . 4. 4 Window Focusing CRT. 

The CRT focusing assembly makes the presentation of the docking maneuver as r eali st ic as pr,s s il ,I,, . A!, 
Lhe CSM approaches the LM , the virtual image of the CRT face (which appears normaU y at inf ini ty) is plau d ;,1 

the proper range by a forward focusing motion of the CRT wilh respect to the window optica l s yst,;rr, <; . By 

placing the image at the actual CSM range, the realism of the display is enhanced by both parallax and r,yc 
accommodation of lhe observer. Computer signals, based on a nonlinear functi o n of CSM r ani.;e, pr1s iti r11, thr: 
CRT carriag·e through a servo-driven ball-screw and nul arrani.;ement. 

1 . 6. 2. 5 Landing and Ascent Section. 

The landing and ascent section (figure 1-24) produces realistic images of the landing and ascent maneuver 
nf the LM . The landing and ascent section comprises the following subsections: 

• Lunar model and three-axis translational drive 

• Horizon rings 

• Illumination 

• Optical probe 

• Main frame. 

I. 6. 2. 5. 1 Lunar Model and Three-axis Translational Drive Subsection. 

The lunar model and three-axis translational drive subsection comprises a movable carriage rn t:i ~ X- pl a n•c 
and Y-plane , a movable model of the lunar surface in the Z-plane, an optical probe, a cnntr rJJ Cr)ncor, J,c. ;,. n 

illumination system, and mechanical supporting components. 

The lunar surface is represented by a three-dimensional scale model; approximately 35 ' -;. of ils s urfac ,- is 
suitable for simulation of landing. The optical probe is movable in three rotational axes (roll, pit c h, and vaw ). 
When combined with lhe three tra.nslational axes (X , Y, and Z) of the simulator, the visual display realistiC' a lly 
portrays the lunar surface to the astronauts. The lunar surface is divided into three types of terrain Lo pe rmit 
landing pract ice to be accomplished on boulder-strewn, crater-filled, and low-hilled or hummock-f illed 
terrain . The computer positions lhe optical probe in the X-axis and Y-axis to simulate tran s lational moti<-f 
and po s itions the lunar surface closer or farther from the optical probe to simulate ascent or clesc1:nt. ; 

Shadows caused by the sun are painted on the model for a nominal elevation angle of 45°. The s hadows ar,: 
rf'ndered as black, with approximately 0. 10 reflectivity. Specular reflectivity is minimiZPd by use of a textured 
surface. ThL' overall surface of the model is white. providing good light diffusion. The rat io of total r e fl ec ted 
light tu total incident light is greater than 0. 5. Specular light reflections are minimized to pre vent mirror 
effec ts. 

The 16-foot -diameter lunar surface contains three 120° segments that simulate the diffe rent de tail ed luna r 
features . Onf' segment contains hummocks (rough conical shapes) that range from 0. 02 inch high wi th 15° 
s loping sides lo 0. 4 inch high with 30° sloping sides. It also contains small fissures and fault scarps that 
range from 0. 004 to 0. 055 inch high. Another segment contains boulders (rou gh s pherical shapes) that r ange 
from 0. 02 to 0. 04 inch high . This surface also contains large fissures and fault scarps that range from 0. 02 
to 0. 20 inch wide. The third segment includes craters that range from 3 to 300 feel (O. 003 to 0. 3 fool , mode l 
dimensions ) in diameter, with depths from 1 to 100 feet (0. 001 to 0. 1 foot , model dimens ions). r espectively . 
The craters have rounded corners. 
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I . 6. 2. 5. 2 Horizon Hin g;·s Subsection . 

The horizon rings subsection co mprises three equal 120° segments: eac h segme nt provides a continuous 
view of its associated lunar- s urface area . Tn addition, te rrain features 011 th e ho ri zon rings are used to show 
distant landscapes in relation to simulated altitude, from 22 to 1. 5 simulated miles. The horizon that would be 
visible is also presented on a ring to e nable complete simulation of environment eve n when the oµt ica l probe is 
tilted . The image on the ring is artistically rendered; the simulated hori zon line is placed to prov ide the 
required horizon-line effect. The light reflectivity values of the lunar- s urfac e m od el s erve as a ~u id e fo r the: 
relect ivit y values used on the hori zon ring subsection . 

l. 6 . 2 . 5. 3 Illumination Subsection. 

The lunar model is illuminated by a fluor es cent lighting· sy s tem that pro vides a lr•v<> l of l,ri g ht111 ·ss. nv <·r ti ll · 
ent ire surface, that is represe ntative of the falloff of li 1~ht a s a result of vic•w in1:· ,rn1 •.IP . A Iota! .,f 14 :i lamps an · 
used . Twelve 30° sections fac e th e m odel: they tilt away from the outer edge of model at 18'· lo fo r m a r:011 e ­
shaped li :c; htinp; dish . Ea c h section contains twelve 23-inch-long. 20-watts lamps . A high-int ens ity fluorescf'nt 
lamp, wound in a s piral. surrounds the optical probe ; it s li ght is cast s traight down over lhe nadir po int. Thi s 
lamp r ece iv e s 2,500 volts ac from a step - up transfonne r mount ed on th e Y- axis carr iage. 

1. 6 .2.5 . 4 Optical Probe . 

T he optical µrobe sl':i.ns a 3 - dimensional lunar lllode l scal ed I, 000 to l. Tlw scanni ng ang le is t he a ngle 
(1ri th n•spec t tn thP nadir ) observed by the astronaut during- actual luna r la ndin~ or ascC'nl. The e nt r ance pupil 
o f th e s~·s tem is .within the el eva tion µrism, with an in stantan l'ous field of view uf 110°. The pupil can be pos i ­
tio1wd 0. 2:i to 18. 00 inc hPs a\ray fr om the lunar m ode l, whi c h, at I, 000 tn I scale . is <>quiva lent ln 21 Lo 1 , 50() 
feel. 

The objective pris m . whic h is s taticall y mounted to the obj ective a ssembly, dPviat e s lhe line nf si ght fr o1n 
thC' e le vation prism to permit an a rrangement whereby the lower conjug-a tc di s tance can be varied [ q C<lm pPn :,aI< , 
for changes of the object dist a nc e. The lower focusing assPmbly contains Uw two Po rro m irrors . which , i>y 
trombo ne a ction, dynamically vary the conju gate dista nc e by a fact o r of two. As t lH' o lij<'c l di stancr~ chang·<·s . 
the two field len se s are positioned with r espect to eac h other and the ob_jecti v<• li·ns to compensate fn r l'han;;<: i11 
focus. 

Fo r the lowe r sec tion of the optical system . th e movalJI( • opti cs con1pensal< · fn r var ia tion s of t lw ()l)_ip<·I 
distance and focus. Additional correc tions and dynamic mo ti ons of the n•m a in ing portion of the • opli('al sys lP111 
are r e quired . Due lo the inherent characterist il' s o f the sca nnin i~ syslPnl. rotatirn1 of the elevation pri s m 
produc e s a one-speed rotation of the imag·e. which rPquires a dc!rntat ing devi c e and rntatinn or tlw 1·1!\ay lpn s 
in the s ystem. Additionall y . the r e lay lens is tilt ed to return thl' s lanted illl a ~,c 1w rrna l to th< · opti('al axis . 

Dy namic va ria tions of lhc uppe r conju~;ate an• si1nilar to those of the low<' r conju gat e. eX(' PfJ\ that a pt·nta ­
µrism is in('orporat ed in the system to provide an unPqual numhe r of refl ec ting s urfaces; hy the uniqu e a rra nt,L'­
m e nt of a mirror, Porro prism. and pentaµri s m . a de rolat n1· is incorporalPd into the sy stem . n 1· trnml.Jonc 
action of thP P orro pri s111 , dynamic variations u f th e uµp e r conjugatp are obtained. 

The came ra, nwunt ed directly above lhe pe ntaprism. contains th e victicon upon 1vhich th e image is foc used 
and then transmit ted tn lhe TV receivPr in tht' window disµl ay . 

I . G. 2. :i . ;i \L11 n Fram(' Su bsection. 

X- Carria ge . Th e X-ca1Tiage is rompnsPd uf four s teel box Ll <:am s , wPldN! lugcth e r to form a 22 - by 
7- 1 ~ -fo ,,t 1· pcta11g- ular fntm e . The X- ca1Tiage is pos it inned in 1·c la lion to tlw lunar mod el by lhc X-clrivP 
wlH'f' l asse mbl it'S. it is driven by lo1·qupr amplifiPrs that r espond to command e rrnr s ignal s. The Y- car ri agf' 
is m nunt cd on tlw lwo long lwams of th e X- carriai:;-e. A liquid spring· a nd a li m it s wilch . whi c h s tops tlH' 
l':lrr ia gP at the l'Xt reme limits o f travel, extPnd fr o m each corner of the X-ca rriagc. 

Y-C'arriagt> . Tlw Y - carriage is a weldf'd aluminum channel s tru cture . which supports th e opti ca l probf' 
and the ill uminat ion section. It i s composed of a 62-inch-diame te r inner rnlll'd channe l (to prov ide attac hment 
to the optical µrn lw) , and four straight sect ions . which form an outer box. The Y-ear r iage is posi ti oned in 
r elat ion to lhe luna 1· model by torque r amplifie rs. which r espond to command erro r s ignals. L iqui d s prings 
and limit switches to I.iring lhe Y-carria1;e to a halt when the ex treme limits of travel a r e r e ac hed. 

X-Y T rack Svstem. Two types of tracks are used in _trans µortin g· the X-carriage and Y- carriage. F.ac h 
carriage has one t rack of each type to prov ide m aximum accuracy in carriage posit ioning . The fir st type is a 
fla t piece of hardened s tee l that is fa s te ned to a machined surface on the tr ac k support. The second tyµe is a 
ryl indric al µiece of hardetlf'd steel that r ests in a V-grooved bar bolted lo a machined area on the track surface. 
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T 1·1Tai11 :tllfl llori z, ,11 lli11g·s. To si mulate the distant lunar te rrain and the hori,.rn1 lo a11 ast1·onaut . a :-;er if' s 
<lf t1 ·1Tai11 and ho1· i zo11 r111:•.s an · used. l•:ac h nf these fiv e rin1;s con s is ts of e i f1; hl l' il'l' tilar sp1·t i,ins n f two pif'(' <•s 
of ;i1111~ui11 ilond<•d to1'.f'i hcr ;u 1d fi l l<'d with ex pand L•d foa111. Tlwy ar c suspt'nd< ·rl fr o111 lli t' './, - dr iv t• IJy :1 s<·ri<•s 
<lf f'ight suppo1·t s 4 :i" apart. Tht: l<:rrain ring·s an· pa in ted lo rf'Sf'n1bl<· distant lu1ia1· f!'atur t·s and are l' ut along 
th!.:_ l~l_lom surfaces an: o rcl i ll f.; lo t hf' l erra in po rtrayPd. F:ac:h success i vc 1· i11g, fnim llw Cf' nlt>r . i s rep r esP11ta­
l ivf' of furlhl'r terrain. The fi xf'd hor izon rin{-; inc: ludP s some black sky , as w ell as distant tPrrain . 

])ri ve Syste m . The X-carriag-e and Y-carriag-e arc driven by lorqut: -powe r ed fri c tion drive wheel s al each 
Pnd ,if the carri ag·p, ny locating a drive assembl y at eac h corner of the carri a1:;c . ex treme ly li near servo 
op1•ratin11 and respo11sP i s possible. In addition, driv i n~: eac h end of th e carriage eliminat es the rotational 
t'ffec-ts of tlw carr iag-l' while positioning. 

t . G. 2 . ti Miss i on E[feds Prujl•,·tor . (Sec fi g11re 1 - 25.) 

l.u11ar v i f •w s from 200 nautical 111ilc•s down lo :ioo fpp t ar<' µ·(•neratcd for t he LM S IJ_v l llf• 111issio11 effects 
proi<'clor (ME::P). The ME P uses two 50-foot film s trips tu proj! ' !'I lunar sc<' nes onto f<lur c· in:ul:1r sc: r r;cns 
whi ch art• viewed by four TV cameras (one eac h for the rig·ht. lcfl. and ovcrlwad wi11dO\V , and on(; fo1· !he 
lt· l csc-opP.) SpacPcraft alt itud e motion i s s imulatiid liy an ar ticu l alC'd optical prolJe in front of the T V r.ame ra. 
Spacecraft translational mot ion (along' o r bit or across orbit ) i s s imul ated by eithr.r moving thr, fi Im leng·thw i Sl' 

(fr om one film spool to ihe other) or sideways (by moving the entire cassette). A film set consists of two 
casse tt es (A and B) each containing 50 feel of film. Film A conta ins film sca l ps 1, 3 and !'i; fi l m B contains 
film scales 2, 4 , and 6. The specific film sc al es cover the fo llow ing al titudes : 

Maximum Minimum 
Film Scal e Altitude Alt itude 

A 1 192 nm 14 . 5 nm 

n 2 14. !'i 11111 5.4 nm 

(\ 3 34, 776 fl'tc>t 9 , 107 feet 

B 4 9. 107 fC'Ct 2,380feet 

A 5 2 . 380 f<'el 1. 240 feel 

n 6 I. 240 fl.Pl 3 14 feet 

Altitude c ha11gl's 011 any g- i vc 11 film scales a r c ac('0 11 1pl i sherl lly va r ying· varifoc;il St'ltings , which arc simi­
lar lo zoom lenses usf'd in commercial TV . 

Scales 1 and 2 cover full lunar orb its. For examplt' , tu s imula ll- an H0 - nautical -n 1i l <' c irn1la1· lunar ClrlJ il. 
sca l e l wou l d bt' used al all t imes and would he s l ew ed bac k to it s !Jc µ innin g when or·hi l ing ov1•I· the dai·k pur t ion 
of the lunar surface is simu lat ed. A s imilar method i s used for film scale 2 when t he simulated orbit altitude 
is in scale 2 range. Sca l e 3 covers one -quarte r of the luna r o rbi t , specifi cally , it cnvers Lhe area whf' r e the• 
ten landing sites are local ed . Scales 4 and 5 covC'r the landing s it e with ils co rridor. All ltc>n landing s i tes 
c·o11tainPcl on one film set. To all ow for three diffe r ent sun anglPs, tlw fi l m set i s divided inLo three sections, 
,·a<'h <'ontaini n1~ a differf'nt miss ion . For mission A (first sectio11). scal es 4 and :i d1 ·pic-t landing sites I . If. 
nr and IV. For m i ssion l.l (se<·, ind sect ion) . sca l es 4 a11d 5 dC'p ict land in g- sill's V. VI. VTf. ThP thi rd section 
contains lllission Con w hi<'h sca[(' s 4 and 5 depict landi ng- sit es VIII , IX .111d X. Ddnn' s tartin g- :1 lraining 
s t•ssi,rn. the in s tructor has to dPte r llline w hi c h mission i s t o b!' flown cl,•pt •11ding- 011 l: 1!td ing silt • and/ o r sun ang- lc 
s!'lpc·I ion. 

t-'il111 sca l e G depi l'I ,, an area 11 f approximately 8 b~· (i nautica l miles wh il' h 1·c·pr psents lhc landing s ite l.Jelow 
1. 240 fP<'l. T hi s view is fed tn the right window while' the Commander rece i ves the• landing; and ascent image 
i11 tlw !<'ft w indow. ThP v iew presented by film scalt• Grines not g-o al l the way to t,n1chdow11; howeve r the inslruc­
t,1r c:111 t ran spose tlw !!'ft and ri g-ht w indow views by nwans of the L - A IMAGE s,1,itch (on the PROI3LEM CON­
l'HOL pane l ) at th !' instructor (' ,)nstile . On sca l es 4. 5 and G l hC' center of each film strip represents t hP 

pa1·t icular !;111di ng :,;ii ('. 

T,i a<' hit •vc prop,,r pPrsppc(i\'t.! , U1e !\I EP c-ont:1ins distor ti nn l cntH'S that automatica lly g i ves t he propt'r 
, urv;1t11r<' to !ht· lunar (011 Parth) s1·c• Iw . 

• l>u 1·in g df'S('('HI to th~ l un;1r sudaee, the space( 'Llfl _g·oes lhrnug_h th~_vari (ll!S fil111 scales in the MP.!'. Al 
W ·:1l'li 1· I·,1ssovPr pomt rn t Ji m s!'ales. the MEP will be dnven so that th e lilm Ill tht> c:a:-;:-;ettc not being viewed 

will I><· madt• J'{'ady fell· a di ss,ilve . Th i s D i ssolve is accomplished by a di sso l ve llli1-ror so that very little 
di s!'11ntinuitv is olls1' n ·ed i11 the f ina l ima!!;e. 



,:, LL SCREW BELLOWS 
EAD SC REW ASSEMBLY 
CROSS ORBIT ASSEMBLY · 

·ILM CASSETTE 
•ROJ ECTOR CONTROLS ASSEMBLY 
RESSU RIZ·ED FILM SPOOL COMPARTMENT 

d EVATION PRISM 
rv PICKUP TUBE ( 1000 TV LIN t:S) 
0 1<0 BE DEROTATOR 
RE I.A Y ASSEMBLY 
r OCUSING MIRRORS 
OBJECTIVE LENS 
TR ANSMISSION SCREEN 
BEAM SPLITT ER 
BE AMSPLITTER CUBE 
PROJECTION LENS 
MIR RO R 
TV CAMERA 
DEFLECTION COILS 
PROJECTED IMAGE 10 

:~---~I ;; 
L7-~ 

I 12 
I 

' 

• ~--~--- C 

~------- : ·····- ..... . ···-·---

-- -- -- --

c;, ~;, ·- . ~~ 

I 
I 
I 
I 

1.MA 790,.. 2- LMS 

21 . PROBE CONTROLS ASSEMBLY 
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Earth views arc ge ne rated in a similar ma111wr as lunar views except for the fnllowi11g diffe r e nces. There 
is only one altitude scal e required (100 NM to 300 NM) for earlh vi ews. and variation of varifocal settings can 
easily cover this range. Each film strip contains eight full carlh orbits. These orbits range from 60° N 

· 1atitude to 60° S latitude which adequately covers the range used for manned earlh orbits. Each orbit depicls 
sunlit and moonlit areas. separated by a diffuse terminator. As the mission proceeds to the next orbit the 
terminator is displaced in a westerly direction by 22. 5°. The film strip in cassette A is the s ame as in casset te 
D except for a 180'' shift in the longitude start and end points. A dissolve to cassette T3 is not required until 
eight orbits are completed. so that 16 orbits arc available to move the terminator throu i.;h a full 360" . 

The instructor sets up the mission so that the terminator crossings are simulated at the proper time . If 
the correct mission start time is set in, the proper terminators will l.Je set automatically at reset by the non ­
real time (NRT) program. 

1. 6. 2. 7 Interface ,)unction Section. (See fit\11re 1-22.) 

The interface _junction section consists of the following-: 

• Closed-circuit TV system, inc luding cont rol r ack A26 

• P ower distribution rack A40 and signal distribution r ac k A33 

• Interconnecting cables. 

1 . 6 . 2. 7. 1 Closed -circuit TV sys tem. 

The c losed-cir c uit TV (CCTV) s yst e m prov ides contro l and flexibility of presf'11lal ion to a gr eat<' r degrr:f: 
than would be pos sibl e with an optical-mec hanic a l system. 

The CCTV sys te m consists of th e following equipm e nt : 

• Seven prec ision TV canwra chains 

• One dual rack assembly 

• T hree large spher ic al r e mote TV unit s 

• One small flat-fac ed remote TV unit 

• Two 17.-inc h instructor monitors . 

By use of compute r controlled articulated optical probes the various cameras r ece ive ima~e s fr om the 'v!EP 
film . the CSM, and the lunar surface of the landing and ascent sec tion. These im ages are the n e lectronica ll y 
acted upon and fed to the three window displays and te lescope via special CRT's. 

1. 6. 2. 7. 2 Power Distribution Rack A40. 

T he power dis tribuhon rack contains the main a - (' pow<•r dislribution units: swilc hin i.; : fus e s: and ove rload 
safety. phase failur e safely, and pilot li~ht indicators . In addition, th e r ac k conta ins tw o d-c powe r s uppliC' s : 
±12 and 28 vo lts . 

I . 6 . 2. 7. 3 Signal Distributi()n Rack A33. 

Th<' s i~na l ctistribul ion rack functions as th e prim e di s tl"ibuli un center for a ll si gnal s (com mand in fo r ma ­
l ion) belween the LMS compul<•r and lhe subsections uf th e EVDE. ln additi on. the rack contains a 500-wat t, 
400-cycle power amplifier: a I. 500-watt, 400 -cvcle power amplifier: and a d 0-volt d-c dual powe1· amplifi e r. 

I. 6. 2 . 7. 4 Inte r connecting CablPS. 

T he interconnecting: cables connect tlw various part s of the EVDE elec tri cally. ThPse cables are fun c ­
tionall y divided int o two main ca tegories: CCTV. and powe r and sig·nal distr ibution . 

The inl erconnectin[; cabl es lransmil power from, and signals to and from. the LMS cornputf'r via the in t r r­
fac e _j unct ion sec tion to the va rious part s of the J<VD E. The cables provide adequate fl exibili ty a nd mec ha nica 1 

s trength, m inimiz e voltage drop, provide s hi elding against radiation, and accommodat e c l1a.nges in opera titJ'1a l 
r equ ir e me nts by use of s pare conductors and connec tor terminals. 

1- cS 1 
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I . fi. '.I SIMllLATl-:ll t.M l 'AIIIN . 

ThP I. MS c:ai>111 111!'t'I S f hr f111ll'f 1011al 1w1.·cl~ of th( s i11 11ilaft>r w hi!f- n fa 111 i11 :: IIH' C'i1:i r ;1('l1· 1 i ,;l i ('S of tlw l ,l\l. 
T h(• i11lrrior of l h<· I. MS ('a l,i11 i s a11 aullw11lic r< ·pli c 1 (If lh( • I.M i 11IPri 11 1·: lir( • (:Jil<·r11al n,11fi1 •.u 1·atiu11 1:, c, .. ,rdi11a ­
l (•ci w ith IIH' v i sual (•quip11H ·11I In pnll· icfp an inl<' l '. l' :l11 •d lra i11i11g df •l' in •. Tlw i>a s(• 1.111it 1·,111 l:1i 11s <·11111p,1111 •11ls f" r 
s i111ulafio11 of l ,M air - 1·"11dit i, ,11i11g. wak1·. a11cl <1 x:,,, ·.1·11 f., r I ll(' pr1 •,;s111·1 · suit <·quIp11w 11I . I i al s ,, 1·,11il: 11 1< s l'l< ·•·­
lri('al l c> sl and patch p:u1 1'1 s . TIH · 1·<1111 IH11u·nl:-; w ithin lhl' t ,:1s1• :, lrtlf'lI11·1· a1·<· 1< •:id 1I \· :I, ·1·, ·s ·:i hl, · 1,, 1· ,11 :1i11l 1·11 :t <II' <' . 
v 1a n •111ovah lP p a1H'l s ,u1 IIH' <•x l<•1·ior nf lh<· st r11<"1 111·(•. 

T ill' <'!'( 'IV area \'0 11tai11 s i11 stru111 ('11ls, di sp lays. r-011 t r,>1s. :1 l< · l( •si-, ,1w :1111111:1 \ 11•.atr , 111 :11 :11d . a11d 1111111 ,; f ., r: 11·.I' 
and µrqiaralion fa('ilili( •s. as fn1111ct i11 lh( · LM . '1' 111 • 111 s t1·,1111(•1tl s . 1·11,1tn,h, and di spla v,: ( li 1• 11r(' 1-Ui) :Ir1 · 
111m111led in the saml' co n figu raliun a!'i those i11 ! h e> I.M . l!d,•r l o ,\ poll " l)p1 ·ra li o 11 s ll :u 1dl,"'1k. Li\·1A 'l91l - :! - 1.:\1 /. , 
for d(; lailt>d dl·srr ipl ions nf ca l ,in cont r <1l s a11d di spla y s. l Jni h 11 !11 r1 ·q11i n·cl fo r s 1m 11 ta1 i,111 ar• · p1·(•s( •1it i1 1 
µhys i c al appea r ann• only: all t:111 pt1 •d ar tivali tin o f llH·S<' units has 110 e ffl'('f 011 the s i11 llll:1lor. All ,·011tr11ls in tlw 
I.MS cabin np crat(• in a man11I · r ident i cal w ilh that i n lh, • 1. M. ('rJ11i 1·,,i fu1H·t1" 11 s appr11xi111al, · lhl' I,;\! JH •rtnr 
11Ia11cc> curvps; 1111' l'.v ntrn Js ar<' instrunH•nlPcl l o p1·nvict<• t he n<'C'f'ssa r y nu lput s 1p1al ,-; t, J t h• · c11111 p 11 t<·1· . l11 sln , 
lllf'nlaliun cl<lf'!-< not Ina r 1he appearance of llw cont nils llt ll' is ii ,·d>vi(l1 1s l,l 1.h,· astr"na11I,-;. ~"11 1,• 1·qu1pn1, ·nl i,1 
the i1111 •riur C'an hl· 111ainlai1wcl i 11- fliµ-h1. T h(' rl'fn1·1•. to 1nainta1n t lw ,111II1• ·111.il'ily 1l f tlw 1·a1Ji11. 111 1· :1r1·as IH•l 1i11rl 
lh<· aff<>C'lcd pa1wl s. ct,>rlrs. and. 11 r 1llt 1clulP ,-; :11·p als11 :i11 lh c11ti1· rc•plil':t :' " flit, · :1d11:il an•:1 1·,lllt~1 i1.11 1~ s11 ch 
('(Jllipllll ' llt . 

. t,.:l. I ~l rul'lur, ·. 

rlw ,·,!l,in s hel l ts cn11 stn1 , l 1·cl "f l i gh1w1•i ;chl s he(•l - 11,d a l S<'!'liu11 :< :,11italJI ) 1·1•i11 f., r <·(•d 111 IJ,>lit lhf' 1·1:qu irr•d 
c, 111t <1ur:::. I t i s l i 11<'d 0 11 tlw i11IP ri,1 r \\·i th f i!Je1· ,:: lass 1Jl a11k <·t mal!'rial ,1I :,11ffil'i<·n· lh1l'l, 111 ·ss 10 pt uv 1d1: lhCl'll1al 
a nd acuuslical i11su latin11 . All s ections are atla.c hecl to lh e strucl :1 re 1111 ll(:upn' 111 •- insulaled surfa<·L•s w ith 
quick •· U)lf'lllllg (q11a r tL·r -l un1) faslen1 •1·s and an· hing-•' d to pn11·icl1 • rn a.,in111111 ac ce s:-, iilrlily 1, , the lJa ,· k u1· tl11• sim ­
ulalPd I.;\ <·quipt!If•nt. a s wPII as lo t h<' supp<'rt Pquip1 iw 11i. All ca iJin u1,1Is art· ac c·<•s s ii>I<' thr11ug·h lh t· s ll(•ll 
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panels, fo r ins pec tion, testing, alignm ent. replace mr nt, or modificat ion, wi thout inte rfe r ence with othe r unit s . 
Thi s complet e acc ess ibility , the ab ility to st>pa ratc the cabin int o for e and aft: sec tions , a nd the modular 
mounting of cabin compone nt s fac ilitates upda ting th e ca bin lo conform with s ubsequ e nt LM confih'l.1ra t ions. 

I . 6 . 3 . 2 Vis ual Presentations . 

The LMS cabin contains three windows, as in the LM : each window is equipped with an ' 'out- the -window. 
infinite -distance• · type of visual d isplay . The display s cons ist of presentations of lunar a nd s ta r field areas, 
r endezvous and docking with the CSM , lunar surface in LM descent configuration. and r endezvou s and docking 
with the CSM in LM ascent configuration. The window displays are synchronize d to provide the proper scene 
a t each window: the astronaut views a realistic pre s entation from any position within the exit pupil. Below 
1 , 300- foot elevation. two -dimensional views of the lunar surface are presented at the left or ri ght window as 
s elected on the instruc tor console. Views in the r e maining windows are two-dim e ns ional ; they are satisfac tor y 
for altitude and veloc ity cues only . The visual equipment provide s presentations that appear tn vary in di s tance 
from zero feet (the docking presentations) to infinity (the starfi e ld presentat ions). 

The te lescope has visual equipme nt for the r equired views of the lunar s urfac (; o r the 57 na vigat ion sta r s . 
The te les cope . capable of X 1 magnification. is used for general s urfac e scanning or s tar locat ing. Th r• na vi ­
gational aid position, s laved to the telescope . is used to provide navi1~ational measure ments of lunar landmarks 
or limbs and of navigational s tars . The sc enes present ed in the telescope arc s ynchronized with the othl'r 
visual displays. 

1. 6 . 3. 3 Cabin Envi ronmen t. 

Ca bin illumination and temperature are controlled by the a s tronaut to the same exte nt a s in the L M. T he 
cabin is air - condit ioned : the system controls te mpe 1·aturc a nd humidi ty. Conditioned air is ducted into the cab in 
through grilles and auxiliar y points to provide uniform, draft-fr ee di s tribution. The temperature and quant ity 
of air supplied to t he ast r onauts' pressure suit s are also va riabl e through as tronaut controls. The s imulated 
pressure suit syste m is designed so that no da nge r exi s t s to the a stronaut s e ithe r because of compl ete loss of 
ventilating ai r or overpressurization. The pressure s uit system use s r oom air suita bly compressed in a n oil ­
fre e breathing air compres sor and filte r ed fo r wate r condensate , microparticl es, and odor s : or building a ir. 

1 . 6 . 3. 4 Ingr ess and Egress. 

The cabin is aligned with the Z- axis horizontal. Nor mal access to the cabin is provided by a door in the 
rear bulkhead. This doo r opens outward to an exte rior platform and stairs. The bulkhead equipment in this 
reg ion (tape recorder. simulated gu idance compute r , and simulated power servo ass embly) is attached to the 
door. The door is essentially indisc ernible from the inside : it has an inconspiciou s ha ndle. Both hatches 
(top and forward ). on the inte rior , are authe nti c r eplicas nf the LM hat ches : they r equire an ide ntical release 
procedure to unla tch and open them. 

1. 6. 3 . 5 Cabling. 

The r ight sid e a rea ad jace nt to the cabin hou ses the interconnection junct ion pane l . All un it s, modul es, 
a nd pane ls in the cabin are wired with single-headed cables direc tl y to the inte r connection junction pane l. In 
a s imila r manner. all cables from the ins tru ctor console, compute rs . and EVDE tha t connect to the ca bin 
are wired with s ingle -headed connec tors from the equipm ent cabin0ts to th l'• in te r connect ion junction pane l. The 
cables a r e a rranged on the panel so that each may be r emoved and replaced without diffi cu lty . In additi on to 
serving as the major intpr connec tion point . the int e r connec t ju nct ion panel se rves a s the main checking poin t 
for all signal s in the cabin . Upda ting is eas ily accomplis hed through interconnec tion r epatching a nd wit hout 
cable r ev is ion. 

1. 6 . 3 . 6 Su it Mai nt e nance Pa nels. 

The LMS cab in s tructure includes two s uit mainte nance pane ls . one for each pr essure su it syste m . The 
pane ls a r e identical , except that SUIT MAINTENANCE PANEL NO. 1 has additional control s witc h lights fo r 
the life s upport power and a mas ter switch for the s uit supply air compressors. The a i r compressors are 
actuated whe n pressurized air is s e lected ins tead of ambient building air. 

Each su it maintenance pane l contains a manual primary pressure r egulator and a pr ima r y pressure gage . 
Downs trea m of each reb'1.1la tor, a flowmet e r is inc lt1ded for eac h s uit . (It is mounted on the r espective s u it 
ma intena nce panel.) Gages on each maintenance pane l monito r the ac tual s uit inle t pr essure. the sui t out let 
pressure. and thl.' pres sure diffe r ential ac ros s the s uit. 

T he LMS sc he me of su it pressurization. funct ioning in an unpres sur ized cab in. is based on the r atio of 
theoretica l cabin pres st1 r e ve r sus theor e ti cal suit p r essure . Tn normal operation. the Suit T ec hnic ian adjusts 
the pressure of the two suit s to be proportional to the theor et ical r elative pressure ct iffe r ence betwee n su it and 
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cabin pressures. This differential is calculated within the computer complex and displ_ayed on the SIM 6 P 
indicator on the TRUE TRAINEE ENVffiONMENT panel on the instructor console. If desired, the sult pressure 
may be controlled from the maintenance panels. Pressing the SUIT TECH CONTROL switch light extinguishes 
this lamp and transfers control to the two suit maintenance panels. Simultaneously, the MAINT PANEL CONT 
lamp on the TRUE TRAINEE ENVffiONMENT panel goes on t.o warn that suit pressure regulation is controlled 
from the maintenance panels. Each maintenance panel has three similar INCREASE, DECREASE, and HOLD 
switch lights. These switches are electrically parallel with the switches on the TRUE TRAINEE ENVIRONMENT 
panel and function (light up and pull in under solenoid control) simultaneously with them·. The maintenance 
panel switches, however, command fixed pilot servo rates: 90 seconds for maximum suit inflation; 30 seconds 
for full deflation. The MAINT IN PROGRESS warning loop may also be controlled by a switch light on SUIT 
MAINTENANCE PANEL NO. 1. 

A manual mode is also provided to control the suit air supply temperature during I!laintenance periods, 
when the computer complex may not be available for on-line operation. The manual mode is selected with the 
SUIT TEMP MANUAL switch light on SUIT MAINTENANCE PANEL NO. 1. Adjoining the switch light are two 
temperature indicators that display the suit inlet temperature for the Commander's and Systems Engineer's 
PGA's. An adjacent manual control knob permits selecting the desire air supply temperature. 

The cabin temperature may also be manually controlled, with a potentiometer on SUIT MAINTENANCE 
PANEL NO. 1. Pressing the CABIN TEMP MANUAL switch interrupts the normal computer control input, and 
lights an iridicator on the TRUE TRAINEE ENVIRONMENT panel to warn that cabin tem'.perature is being reg­
ulated at the suit maintenance panel. 

The suit maintenance panels are shown in figures 1-27 and 1-28; their controls an~·. displays, and their 
functions, are listed in table 1-13. 

1. 6. 4 AURAL CUE EQUIPMENT. 

l 
Audible cues are presented whenever applicable, during the training exercise. These cues are sounds 

produced by the firing of reaction jets, by the descent and ascent engines; by landing, o:r- a mechanical noise 
l 

that is considered an aural cue for flight crew control of the LMS. In addition, noise \evels in the communi-
cations channel, sound experienced in the LM, and ambient sound levels are simulated The simulated sounds 
are transmitted to the flight crew through headsets and loudspeakers in the LMS cabin: The instructor console 
is included in this loop to control the amplitude of sound on all channels of communication. Soundproofing 
confines aural cues to the LMS cabin. The aural cue system (figure 1-29) can reproduce the following sounds: 

. • Ascent and descent engine operation 

• RCS jet firing 

• Cabin decompression 

• Background 

• Explosive devices 

• LM-CSM docking 

• Landing gear extension 

• Ambient noise (400 cps) 

• Lunar landing. 

J • 
lj 

L'. 

The aural cues (except the lunar landing cue) are generated independently at a giv~m instant and are summed 
in a summing amplifier. The signal output (simulated aural cue) of the summing ampllfier is fed to a voltage­
controlled attenuator (VCA) that is controlled by a manually adjusted decibel control p9tentiometer (up to 60 db) 
on. the instructor console. The VCA output is fed to a second VCA that routes the aural cue signal through a 
power amplifier to a single speaker in the LMS cabin. The second VCA, controlled by a signal originating in 
the cabin decompression circuitry, enables the volume of the summed aural cues to bt'I' a function of a simulated 
reduced air density caused by cabin decompression. ;. 

,1 

1. 6. 4.1 Lunar Landing Aural Cue Generation. ., 

The lunar landing aural cue is produced by a solenoid-operated striker arm that strikes a metal plate in 
the LMS cabin. Generation of the lunar landing sounds differs from generation of the ,other aural cues in that 
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Figure 1- 27. SUIT MAINTENANCE PANEL NO. 1 

,, 
the cabin speaker and summing amplifier are not used. Operation of the solenoici is controlled by a digital 
output (DBO) signal determined bY the aural cue simulation progr am . 

1. 6. 4. 2 Ascent and Descent Engine Aural Cue Generation. 

White noise is fed into a voice-controlled filter (VCF) that has its cutoff frequency controlled by a D/ A 
signal determined by the aural cue simulation program. The output of the VCF is fed into a VCA , where it is 
attenuated as a function of a D/ A signal also determined by the aural cue simulation program. The VCA output 
is summed with other aural cues in the summing amplifier. 
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Table 1-13. Suit Maintenance Panels, Contruls and Displays 

-"~---------.-----------, 

I · tHi 

Control or Display 

LIFE SUPPORT PWR ON 
switch light 

LIFE SUPPORT PWR OFF 
switch light 

AIR COMPRESSOR switch 
light 

SUIT INLET TEMP 

SUIT TEMP MANUAL 
switch light 

CDR °F te mpe rature gage 

SE °F tempe r ature gage 

LO-HI tPmpe rature control 

CABIN OUTLET TEMP 

CABIN TEMP MANUAL 
s witch light 

°F te mpe rature gage m ete r 

LO- HI tr mpe rature control 

SUIT rrrnssurn; 

INCHEASE switch li ght 

lW CHEASF switch li ght 

HO LD S\\' it ch light 

MAI N'!' IN PllOGH ESS switt·h 
light 

SUTT TECH CONTRO L s witch 
light 

PILOT REGULATOR PRESSURE 
inclicato r 

Function 

In sequence mode , displays life s upport power status; 
in manual mode, enables control of life support power 
and display of life support powe r status . 

Turns off \ife support power 

Turns four air compressors on a nd off. Light goes on 
when switch is pressed. Compressor s operate as 
fun ction of power (life s upport) be ing available. 

NOTE 

In sequence mode , life support powe r failure 
r esults in comprc'ssor No. 1 switching auto­
matica lly to utility powe r. Manua l mod f' is 
for mainte nance and does not r!!quir e a uto­
mati c switchove r. 

Enable monitoring a nd control of suit tem pera tu re. 
Te mperature contro l is active only in ma nual m ode . 
Normal mode for training is compute r contro l m ode . 
This m ode is selected by deactivating SUIT TEMP 
MANUAL switch light. In manual m ode, a tim e lag 
e xists between setting LO-HI control and ac hieving 
desired tempe rature . 

Enables monitoring a nd control of cabin te mpe rature . 
Te mpe rature contro l is a ctive only in m a nua l mode. 
Normal mode for training is compute r rontrol mode. 

Transfl!r C'Ontrol of pn's surization ;u1d cl<'p1·es s urizatio11 
to Suit Tel'hnici an at instructor consol< · (T R UE THAINEf; 
ENVIHONMENT pan<' l). Press ure is t1 ·ansfl· 1-rcd in 
HOLD s tatus to whiclwver pane l has control. HOLD 
light will go on. 

Turns of f life s upport puwer. Wh en sequc 11<·1: m ode is 
s ele cted at main pow t: r pan r.l , second ac tivation uf 
MAINT IN PROGRESS switch turns life support power 
back on. Whe n manual m ode is s <:l<:rtecl at ma in [lOW('l' 

panel, second activation of MAINT IN PHOGH ESS sw1lC'h 
p('rmits manual l'ontrol of life s upport power. 

Tra ns fe r s contro l of s uit pressurr regulation lo 
appropriate maintenance panel 

Indicates pressure af te r adjustm('nt by SUIT PRESSURE 
control on TRU E TRAINEE ENVIRONMENT panel 
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Table 1-13. Suit Maintenance P;rnel s , Controls and Dis plays (cont) 

Control or Display 

PRIMARY PRESSURE REGULATOR 
control 

PRIMARY REGULA TOH PRESSURE 
indicator 

FLOWMETER 

SUIT INLET PRESSURE 
indicator 

SUIT OUTLET PRESSURE 
indicator 

SUIT .1. P indi cator 

Function 

Controls inlet pressure into appropriatr: prcs s un , 
suit 

Indicates pressure after adjustment by PRIMARY 
PRESSURE REGULATOR 

Indicates flow rate into appropriate press ure 
suit 

Indicates inlet pressure into a ppropriate pressure 
suit 

Indicates outlet pressure from appropriate 
press ure suit 

Indicates difference between suit inle t and outlet 
pressures 

I NOTE I 

The MAINT IN PROGRESS, LIFE SUPPORT PWR ON, and 
LIFE SUPPORT PWR OFF switc h lights arc on the ma in 
power panel and on SUIT MAINTENANCE PANEL NO. 1. 
Functions are identir·al at both pane ls. 

1. 6. 4 . 3 RCS Jet Aural Cue Generation. 

White voice is fed into a VCF that has its cutoff fr equency controlled by a potentiometer mounted on the 
VCF. The VCF output is fed into a VCA, where it is attentuated as a function of a D 'A signal determined by 
the aural cue simulation program. The VCA output is summed with other aural cues in the summing amplifi e r. 

1 . 6 . 4. 4 Cabin Decompres ::; ion Aural Cue Generation. 

Cabin decompression sound simulation is initialed by a D00 signal det e rmined by the aural cue s imulation 
program . Approximately 2 seconds alter the D80 is rece ived , a capacitor discharges into a VCA that is con­
nected between the VCA controlled by the decibel control pote ntiometer on the instructor console and the powe r 
amplifier. The capacitor discharge causes all aural cues to atte ntuate as a function of simulated cabin decom ­
press ion. The DBO also actuates a relay that enables white no ise to be fed into a VCF that has its cutoff 
frequency controlled by a potentiometer mount0d on the VCF . The VCF output is fed to the summing amplifier. 

1. 6 . 4 . 5 Bac kgr ound Aural Cue Generation. 

White noise is fed into the s umming amplifier via a pote ntiometer that varies the signal amplitude. Back ­
ground noise is not controll ed separately: it is varied . with the other aural cues, by the dec ibel control 
attenuation potentiometer on the instructor console . 

1. 6 . 4. 6 Explosive Devices Aural Cue Generation. 

A low-frequency reverberator generates the explosive devices aural cues. A DBO signal, determined by th e 
aural cue simulation program, actuates a relay and, in turn , the reverberator. The output of the r everbe ra to r 
is fed into the summing amplifier , 

1. fi. 4. 7 LM-CSM Doc king Aural Cue Generation. 

A low -frequenc y reve rbe rator generates the LM-CSM docking aural cue. A DBO s ignal, determined by the 
aural cue simulation program , actuates a relay and, in turn, the reverberator . The output of the r e ve rberator 
is fed into the summin~ amplifier. 
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Figure 1-28. SUIT MAINTENANCE PANEL NO. 2 

1. 6. 4 . 8 Landi ng Gear Extension Aural Cue Generation. 

A lnw - frequency revl'rberator generates the landing gear extension aural cue. A DBO signal , determined 
by the explosive devices program, acutates a relay and, in turn, the reverberator . The output of the reverber­
alor is fed into the summing amplifier. 

1 . 6 . 4 . 9 Ambient Noise Aural Cue Generation. 

Ambient noise, produced in the LM by the 400-cycle invert e rs, is simulated by a 400-cps generator. A 
DBO signal, determined by the aural cue simulation program, actuates a relay that connects the output of the 
400 -cps generator to a potentiometer that adjusts signal level. The potentiometer output is fed into a summing 
am. er via a transformer. 
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Figure 1-30. Random Noise GenC'rator, Control Panel SMDP - •58 

1. 6 . 4 . 10 llandom No ise Gene ralor . 

The r a ndom noisf' generator provides a high leve l of electrical noise: il is used lo introduce squelch and 
s imulated atmospheric noise into the inte r com system . The generator uses a gas-discharge tube as it s noise 
s ource. A tran s ve rse mag-netic field is applied .to the tube to eliminate oscillations and to increase the noi se 
level a t high frequencies. The noise outpu t from the gas tube is amplified in a two-stage amplifier. BelweC'11 
the two s tages, the noise spectrum is shaped in one of three differe nt ways, depe nding on the setting of lh<' 
gene rator RANGE switch. In the 20 KC position, a low-pass filter is inserted; it has a g radual r oll -off above 
30 kc , with the audio .range lo 20 kc uniform in s pectrum level. In the 500 KC position, a low -pass filler which 
has a r oll-off above 500 kc , is inserted . In the 5 MC position, a peaking network compensates for the drop in 
noise output from the gas tube at high frequ encies , so that a spectrum is obtainable lo 5 me . The random noi se 
generator controls and displays (figure 1-30) are listed, with the ir functions , in table 1-14. 

1. G. 4. 11 Intercom Power Amplifie r. 

The intercom power amplifif'r provides audio,power amplification for the aural cue system and for voic e 
commu nications throughout U1e s imulator complex. It is ·a high - powered, solid-state device , capable of pro­
viding 50 watts of audio power output (40 watts nus) with minimal distortion and phase s hift. 

Table 1- 14. Random Nnis e Gf'nerator, Contro ls and Displays 

Cnntrol o r Di spla y 

OUTPUT contro l 

POWER s wit('h 

RANGE St' ie t'll)r ::;wi tch 

MULTIPLY 11Y s pll'dor 
s witch 

OUT l' UT VOLTS incl icatur 

LOW/ l!IliH s witch 

Funcliun 

Vari.es output vu ltage 

Encrgizp::; gene rator 

SeLL,cts network us t•d fo r sha ping noisC' s pect rum 

All t> nuat e;; oulpul vu lla g:e 

lndic~tlC's rms va lul' of noise al gC' n('rat o r ou lpul te rmi­
na l;; 

In LOW position , inlroduces a 10:1 r es istanc<• par! after 
g;as -tu!Je noise source to reduce l'f(ect uf amplitude 
limitations of amp lifie r and lo r educe no ise fi Pld 

------ ~ -------------------------------- ___J 
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1. 7 DATA-PROCESSING GROUP. 

A The clal;1 -prcH't:ssing group is subdivided into two major sections ror discussion purposes: eompule r complex 
W ;111d cl:1L1 1·.011vc ·1·sio11 cquipmPnt. Tlw data-processing group c·onlrols the training missions in accordanre with 

Lill' pro~rarns it is inslrudcd lo us(:. F'aith[ul s imulation of LM dynamics over the entire flight regime is pro­
vid1:d; molion wilh six dl:grces of fr1~edom takes into account LM moments of inertia, location of the cenll'r or 
p;rrtvity, propuls ion subsystems used, RCS jets selected, etc. During integrated training, generation of a 
mission profile is a joint function of the LMS and AMA data-processing groups; the LMS is required to inter­
change traje ctory data with IMCC and/ or the AMS. 

1. 7. 1 COMPUTER COMPLEX. 

The LMS c:omputer complex consists of three basic: general-purpose digital computers with optional equip-
ment and associated peripheral equipment. · 

NOH 

The following discussion refers to the two basic LMS com ­
puters (A and B). The third computer (computer C) is the 
interpretavely simulated LM guidance computer (ISLGC). 
This computer accepts the MIT / IL tape for the LM and 
interprets the tape into computer language compatible with 
the LMS. Information pertaining to the ISLGC will be 
supplied at a later date. 

Elements of the computer complex have been integrated into a system that accommodates the various re­
quirements imposed by intricate space mission simulation; it provides the capacity, speed, .and expansion capa ­
bility required for the computing needs of the LMS. The complex is used to simulate subsystems; compute and 
display LM dynamics; control visual displays and recorders; and to receive, and respond to, signals transmitted 

A from the LMS cabin, instructor console, and other units. The complex also executes a predetermined sequence 
W of events; drives displays and indicators through data conversion units; and inserts, . and responds to, simulated 

s ubsystem malfunctions. These functions are executed under control of computer programs stored in the com­
puter memory. The computers may also be used to aid in maintenance procedures, by using the appropriate 
"off-line" diagnostic routines. 

The maj or elements of the computing system are digital computers, an access distribution unit (ADU), a 
common memory, and a fully buffered channel (FBC). Data flow between these units is shown in figure 1-31. 

Two computers are used: one contains 40,960 memory words; the other, 49, 152 memory words. In addition, 
the two computers share a common dual block of memory cores that contain 4, 096 words each. Total storage 
capacity of the system is 98, 304 memory locations. 

A block diagram of the computer complex is shown in figure 1-32. The logic of each computer treats the 
common block of memory as if it were its own. All intercompute r communication, during normal operation, is 
through the eommon memory. No instructions are stored in the common memory. This design feature mini­
mizes the total number of memory accesses to the common memory and, hence, the probability that two or 
more d('Vit·cs will simultaneously request access. Computation time lost for reasons of intercomputer com mu­
nication may be attributed onl y to the time lost while waiting to gain access to the common memory ; this lost 
timr is less than 10 memory cycles (19 microseconds) per 50-millisccond computing period (worst case) in each 
r ompuler. 

A major fpaturc oJ tile' basi<' system is that high-speed r epetitive data transfers between either or both of 
the LMS compute rs and external points such as the AMS, input/ output (I/ 0) conversion equipment, and the data 
a cquisition syste m (DAS). Data is transferred in blocks from the common memory through a fully buffered 
ch,umrl, or from the private memory of each computer through its respective direct memory access channe l. 
[n this m,rnnPr, for transfer of data to the 1/ 0 conversion equipment and AMS interface, data blocks being trans ­
ft•rrcd out o[ the computer complex can be filled up directly by both computers. Due to the electronic character ­
is ti<"s o f lh(' FnC, a computer sacrifices time to this el\.1:ernal communication problem only if the other computer 
01· the FI3C has previously r equested access to the common memory. The los t-time figure (19 microseconds/ 
~0- milliseeond period) accounts for time lost to internal (intercomputer), as well as external (I/0, AMS, DAS), 

. :om mun il'at ions. 
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Figure 1-31. Dual Compute 1 lntcrfac c , Simplifi ed Bloc!< Diagr am 

For transfer of data to the DAS magneti c lapl) unil, bloc !< transfer of data fr om each computer is in para ll!'l 
with the FBC. Se parate paths fr om the private 1110111o r y of eac h computer arc provided, using d irect memory 
access channels and switching units so that each compute r, in turn, c.:an r ecord its DAS data on a single magneti c 
tape . The direct me mory access channe ls (OMA 's) diffe r fr o m the FBC in that they arc c.:yc lc-stcaling and inter­
rupt the compute r program only if both require nwm or y al·l·css at the sa me instant. For a '\vor s t case " of DAS 
outpul of 500 words e very 50 milliseconds (about tlw limit of mar;ne tic tape units , running at 75 ips), an acc.:ess 
would be r equ i r c'd eve r y 100 mic r oseconds . Becaus l' thi s access requires only 1. 9 microseconds , t hi s amounts 
to approximately 2. 0'1, of the time . Howeve r, if the computer program docs nol r Pquirc an access al this time, 
no timl' will be lost, bccaus0 the OMA is simply fillin g in a "hole " in the program . 

A high ly s i1-;11i [ica11t feature of the syst0m is lhal the OMA and the FI3C may Ile comm uni cat in g with the com ­
pute r s a nd sha r ed me mury s imultaneously . Thus, lhc 1/ 0 control, magnetic lapc unil Nu. I or 2, magneti c tape 
unit No. 3 or 4, the card pun ch, and the card r0adc r may he operating simultaneous ly. The virtue of this ar ran ge -
ment is that multipa th communication possibilities are available without cumpulc>r int e r ve nti on , so that input/ 
output capability is flexi b le . Also, future sys tem require m e nts may be mc l without hardware modification . Dur ­
ing nor mal ope ration , the FBC handles all communic:1lion with the AMS link and tlw 1/0 conve r s ion control unil; 
lh C' two DMA's communicate only with the DAS magnetic tape units and line printe r to r ead in changes to the com­
puh' r program fr om the Sl'<'ond ma gnetic tape unit (MTU) (on an "011-line " bas is ). 

The L MS computer complex, opera.ting in conjunction with the instructor console, can: 

• Start with known initial condition s to pe rmit initiation of a training- miss ion from a minimum of 
24 points without programming 

• Stop and r esta rt at any point in a miss ion 

• Reset to any one of the 24 sets of initia l conditions from s tored parameters in less than 2 min ut c> s 

• Run in accelerated time (32 times r ea l time) during coasting pha ses of a miss ion , without loss or 
accu ra cy i.n th e computation of tra,il'ctory amVor quantitie s of e xpe ndables 
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Figure 1-32. LMS Computer Complex, Block Diagram 

• Be manually reset to initial conditions du ring r eset or hold pe riods 

• Opc ratP e ithe r as mastC'r or s laved to the AMS for control of the LMS operating modes (operate, 
s top, r eset freeze' , and acce lerate) . 

1. 7. 1. I Digital Cum puters. (Sec figurc 1-33.) 

Th!' LMS comput<'r complex uses three digita l computers. (Re fe r to note in paragr aph 1. 7. 1.) These a r e 
24-bit wont , paralle l -binary, single -addrC'ss, s t or ed -program computers, with inde xing and indirect addressing 
r1•alurcs. They :tr<' of nH)dular dC' s ign, which provides a high degr<'e of flcxibiiity and permits expansion of the 
co 111put in~ s ystem in ,:qJeL•d, nwmor y , a nd input / output capabiliti es. Solid-slate circuits with a co inc idC'nt - c ur re nl 
magne tic cor e me mory , which storPs program ins tructions and data, a r c) used throughout th e C'OmputPr s. The 
1·u mpul<'r is an integral unit that l'0nsists of a three-bay cabinet and a control ;illd maintenance consol e) . The 
cunsoiL' 1·ontains the swill'lll's. indicators, and controls requi r ed to s tart, stop, and ma nually control compute r 
opc r a tinn. The l'OlllJJUt e r L'Un trols and indi ca tor s (fi~rc 1-33) are listed, with the ir function , in table 1-15 . 
Till' maint ena nce section nf lht' console, located unde r a p;-rne l cover, provides indicators that can I.Jc used a s an 
aid in localiz ing comput er malfunctiuns, and control s t o fa c ilitate compute r mainte nance . 

The• logica l units of each computer may be combined into four primary functiona l subdivision s : arithmetic , 
a.int r nl , m Pm or y, and input. 'output. Control and data flow within the prima r y fun ctiona l s ubd ivisions is shown in 
~ll'l ' 1-34. Figurf' 1-35 is a bloc k diagram of the computer. 
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Ft,r a digital computer to perform computations, all th t· data pe rtinent to t he proble m and the nw thl1cl oi 
so lutio11 (i.nstructions) must be s tor ed in the co mputer before it atte mpts the actual so lution. Similarly , for 
spacecraft simulation, all the info rmation r e la tivP. to the s paccr raft and the sequence of events must be s t ored 
i.n the compute r before starting a training mission. This information is in two types of digita l words : a cbla 
wor d and an instruction word. A series of instruction words makes up the computP r progr:rn1 . The me mory 
unit is the device in which these words are stored . 

A magnetic cor e unit is the basic memory of each compute r . In the LMS, each compute r has a diff Pn 'nl 
numbe r of interna l memory locations_ (40,960 for computer A, and 49, 152 for computer B), as Wl' ll :1s :1 t•t·,•c- -= k 
a common cor e unit of 8, 192 locations. The expanded memory of each c:omputPr is built with stall(L\rd ,·c ,1·(' 
units lha l can store 4, 096 24-bit words. A me mory address r egis te r (MAR) and nwmory i.nf () rl\\alinn r q.:1;:,t ,·t 
(MIR) are considered part of each memory. The MAR locates the word that is to be put i..nto, 0 1· tak('n out t•i. 
the me mory; the MIR furnishes temporary storage while the words arc be ing lransf1•rrcd into. ell · <>li t. of , t h•· 
memory . Each memory module contains its own power s upplies , and contr ols for tcsling the: mr,d ulr·s with 

i?EIH 
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Figure 1- 33 . Comµulcr Panl'l 
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Table 1-15. Computer Contro l Pane l, Controls and Displays 

( '()ntrnl or Display Fuuclion 

STAHT/ Ol·T- 1.INJ•: swih'h 

CONT/ PULSED swit('h 

STOP CODE switch 

PUNCH POWER switch 

TAPr•: FP.ED switch 

TA PE LOW indicator 

FILL s e lector switch 

PAPER TAPE 

C:AHD HOR HOL 

CA HI) RDR BINARY 

FILL s witch 

Input/ output functi on 
selector s witch 

START switch 

STOP switch 

POWER s witch 

RUN MODE - PROG 
HA LT switc h 

Prog r a m halt address 
r e isi s te r thumbwhe e ls 

IN PUT PARlTY ind icalor 

1/ 0 1101 J) i11d ic:1 tnr 

I NTEHHl l PT i11dic:1tor 

OVEH FLOW indicator 

IMP DIVID E indic ttor 

IIA LT indica tor 

I - !l t3 

SI ad s op, · r:il ion <'1ial.>lt!d lly ·inpul/ oulpul l 11ndiun :: •·11 ,r·L•,1 
s witch 

Nol us <·d 

Not used 

Not used 

Not used 

Not used 

Selects type of data to be loaded into com puter 

Not used 

Enables card r eader to load Holler ith data fr om 
puncll<'d c.ards into computer me mor y 

Enable s card r eader to load bina r y data from punched 
cards into computer me mory 

Loads compute r memory from devic <.; self' cted lJy 
FILL selector switch 

Not used 

Starts compute r ope ration 

Stops computer operation 

Turns computer a nd auxiliary equipment powe r 
on and off 

RUN MODE position inhibits progra m halt address 
register. PROG HALT position controls effect of 
program halt address r egister. 

Sele ct address at whic h program will halt 

Dete ct s e rrors while reading chara cte r information 

ludi('ates that computer is holding input/output until 
d(•vi ce is r eady 

Indicates execution of interrupt subroutine 

Indicates that ove rflow fault has occurred in 
computation 

Indicates that improper divide has occurred or that 
imprope r binary-to-DCD conversion has been attempted 

Indicates tha t halt flip-flop is set and that no ope r ations, 
exr C'pl inte rrupts, can take place 
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Table 1-15. Computer Control P:l w , c· ntrols and Displays (cont ) 

Control or Display 

MASTER CLEAR switch 

SING OP switch 

FETCH STOP switch 

EXECUTE switch 

A, B, Z, PROG, 
INDEX REG switch lights 

Reset switches 

OP-CODE register 
switch lights 

Reset switch 

INPU T 

I 
I 
I 
I 
I L __ ___ __ _ 

Fw1ction 

Halts computer; resets a ll registe rs, control clock 
unit, r eady and enable flip-flops of input/ output 
channels, interrupt enable, input parity, overflow, 
and imprope r divide flip-flops; stops all peripheral 
devices 

Causes computer to execute command stored in 
me mory location indicated by program register 

Causes computer to execute fetch cycle only 

Causes compute r to exe cute command set in 
OP-code register 

Indicates contents of A, B, Z, program and index 
registe r s and allow bit-by-bit entr y 

Enable each regis ter to be cleared to ze ro 

Indicate contents of OP- code r egister and al ows 
bit-by-bit entry 

Clears OP-code register, index bits, and indirect 
addressing bit to ze r o 

----- -CONTRO L 
-----DATA 

ARITHMETIC 

I 
I 
I 
I 
I 
I 
L 

MEMOR'f' 

CON TROL 

OUTPUT 

I 
I 
I 
I 
I 

------ - __ J 

SMOP- t OA 

. Figure 1-34. Digital Computer , Primary Functional Subdivis · ons 
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ADDER 
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z 
REG 

L _ - - - - --- _J 

TRANSFER BU S 

CONTROL 
UN I T 

CLOCK 

CL OCK 
M ATRIX 
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CONTRO L 

OSM 
MATRIX 

_____ ,___________ ----- --

CONTROL SIGNALS SEN SE AND 
CONTROL LINES 

PFRIPHERAL DEVI CE S 
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F'i!-sUre 1-35. Digital Compute r, Bl ol' k Diag ram 

vo lta ges and l'ltrrc nt set al margins . Information n •ad from <?ac:h module is transfl> rred lo th e C(Jn\ro l and 
arithnH'lil' sec tions of the compute r a s amplified logic leve ls (in volts ), rathe r lh:rn a s low- leve l pu ls es , e i l h<: r 
din ·1·tly fr om m agne tic co r e s (in millivolts) or from sense amplifiers . All tr:1nsfe r opera tions arc imple m e nted 
in para llel. Alth oug-h the m e m o r y is de s igned to opc r:1tc at 1. 75 mil'rosel' oncls, it is c onse rvali v<'ly run a t a 
I. !J-111icn)s<' <' 01KI l'y<'i< ' tin!('. Acc ess time i s 0. 8 miC'r nsecond. Thu s, in s tructions that d u not a<'l' Pss m e m o r y 
fo r an u p1•rand . s uch a s TAX (transfe r A to index), tak<' one cycle , or 1. 9 mi c rose l'oncl s ; in s truc tions that 
r c quil'( ' :u1 ;1c t•f' s s fo r :111 ope rand, s uch as LDA (load A), take two cyC'les , or 3. 8 mi c r os econd s. 

1. 7 .1. 1. 2 In put Ou t pu t Unit. 

Th i input s t•d ion provid t•s the m eans o f inse rt.i.I1g the prog ram into !ht• m e m o ry lrom pe riphr•r al d t' VH' f•s 
(t q>< ·\\T 1!t•r. 111:q,::n t' li l' Lqw unil s, l'lc) . Tl w output S<'t·li on i s us C'd to c onne ct clata-n·co rdin g; cl1 •v in• s, s ul'h a s lh <· 
,·a nl ti r tap1• punC' hf's :md ma g-n!'!ic t a pe units , to the t·omputt•r. The input/output (1/0) unit als o c 11.1i>l t•s l r an s rv r 
., f inl u r nul i,,11 lll'lw<'l' ll the data c· nnvt•r s ion units and llw c·o mputPr s . TIH' I O unit u f c•aC'l1 (' <J 111pu l<' r 1111'lud, ·s 
p.1r:1l l, · I i11put ,1utput <" h:u1111 •ls, inpu l/u ulput ,·haraC"t<• 1· l'ha1111t•ls , and S<' ns c· lint•s a nd intPr n1pl c·nntr n l, a nd ~,•11-
,•,·a t, •s n 111 1111;1nd si 1~ 11 ;1l s as fn ll1l\vs : 

I - ! Ill 

• The par:1111' 1 input / output l' hanncls an' g-ating d1•vi<"L' S lhal an• ust•d ln C' Oll iun.-tion 11·it h till' F flC' s 
:111cl DMJ\ ' s lo trans fc •r data lll'lw<' <' n llw llH' lll o ry and the p,'l'iph,•1·:tl c• quipn w nt and clat:1 c·, 1111·,·rs 1011 
, ·q11i1m11 ·nt 

e Tht• input ou(pul clur .1l'lt' I' l'h;uml'ls :ire [::atin g- dt•vi!' L'S l ha l ;\rt ' us t•d to ('()I Ul l' f' l l il t• l' Ulll[llll l' l'c, \\"il h 
th, • l yp,·w1·1\c' 1· 

• TI H• s ,·ns ,· lim•s and int l' rrupl l' Ontro l ar l' used l o ti<' !l' <"l l'und it i,)ns w ilh111 , or L'Xl1 ·1'11:il l o . L11t • 
,·rn 11put, · 1· s. whil'l1 n•q u ir ,· :dk r :1li ons t. o li lt' 1·umpukr pr ogr ::i m s 

• Tl 11 · gt•11t •1-.1kd cuinm :1 11d '-' ll',lW.ls ar t' us ed to contro l e xt e rna l equip me nl SU <" h ;1s th,• l fl H'\\Ti h ·i-. 
Si [.;na b [.; t' lll' r a tc d in the I, 0 w1il are alsn us e d to e stabli s h AD U pl'ioriti( 'S ;md lo sdt·c·t uppc- i· o r 
i()\\' ( ' J' s l' l'l ions of Lhe mt'lll ory bank. 
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Tile d1rt ·d )ll<'Jllt,ry ;,c·i ' vSS d1:1111wls (l)MA 's ) :11 , S J111Ji:t1 t, , !lli' Fn< : JJI d, ., W.ll and <Jj)( r:1\i()rt. Tlit •\' ar • 
11 s 1·d ti) transfer data lJclW('< ' II l.lw 1wriphe r:1I 1•quip11w1 1t (magm.: t 1l' Lape 11111ts, (' ,1nl n ·ad•: r alld pu11l'lt, li11Ppri11tlT, 
and typew riter) and llw romputcrs. 

1. 7. 1. 1. 4 Control Un it. 

A computer program consists of a series of instruction words, which arc stored in the memory unit. The· 
control unit "fetches" carh instruction word, in sequence, from memory, tr:1.nslatcs tlw word, and issue's <'0111-
mands to other parts of the computer that will cxcrute the task defined by tlw instruction word. Exc•cut ion uf the 
instruction word de pends on timing pulses and c:ontro l sih'llals that arc general.Pd in lhC' mntrol unit. The l'Ontr ol 
unit of eac h computer contains an operation rode registe r, an operation code matrix, a program register, indf'x 
r egiste rs, shift counters (S-registcrs), a cont1·ol unit dock, and a clock matrix . 

OP-Code Register. The OP-code regist<'r contains tlw six-bit operation <'Ode for the instruction being per­
formed, two index bits, and the indirect address bit . It is displayed and manually controlled on the c·<,mpu tc r 
ronlrol pane I. 

OP-Code Matrix. This is a gating structure· that c!C'rodcs the s ix-bit operation <'Ode into control s ignals. 

Program Registe r. The program registL'l' (P-register) is a lso a counter; it contains the me m or y location of 
the next instruction to be pe rformed. Normally , its contents art' incre mented by a l each time a new command 
is "fetched" from the mem ory. In case of a jump, the program count·er is loaded with the me m or y location to 
which the program is to jump. The P-regish' r contains 15 bits, is clisplayecl, and can I.Jc manually rontrollC' cl on 
the compute r control pane l. 

Index Registe r s. Three index registers an' C'ontaincd on l!arh LMS computer. When th (; 15-bit incl,•x r ~gis ­
te r is specified by an instruction, its contents arc added to the address of UH• instruction; the r esult uccomt:!s a 
new address. A few instructions, such :ls scale and normalize , use th<! index r egis te r for control and counting. 
Display and manual control is provided on the control pane•!. 

Shift Counter. The low-orde r six bits of s hift counte r s (S-rcgistcrs) arc used with inst ru ctions that r equir e' 
shifting. The shift counter is also used for temporary storage of expone nts during floating-point ope rations . It 
contains 15 bits that are displayed on the mainknanrc pane l. The shift counter C':tn not b.,G manually controlled 
directly, although the SINGLE STEP pus hbutton on the maintena11C'l! pane l will cause stepping of the shi ft l'Ounter 
during execution of s hift fun ct ions. 

Control Unit Clock. The control unit c lock gene rates the timing pulses needed for the various operation 
sequences of command executions. Contents arc displayed on the mainten;inr c pane l. Whe n the CLOCK switc h 
is set to OFF, the clock pulses C'an be m:un1ally rontro llccl with the' SINGLE STEP pushbutton switch. Both 
s witc hes a r e on the maintenance panel. 

Clock Matrix. In the cloc k matrix, tlu• r·c)11trol unit dock sig,1als arc gated with the outputs from the OP-code 
matrix, to provide' the correct sequence of pulses for each command to be executed. 

1. 7. 1. 1. :i Arithmeti c.: Unit. 

The a rithmetic unit pe rforms computations whe n rommandecl by the in struction word . The a rithmetic unit 
contains all the arithmetic r egis ters in the computer. The contents of the arithmetic registe r s a r c displayed on 
thP rontrol p;uiel: each lli t content may be set to a 1 by prcss in~ the pushbutton at the associated uit position on 
thl' control JXlll C' l. Each 1·eg iste r may be completely n•sct by p1·ess i.ng lhc RESET pushbutton adjarcnt to lhc 
r egis te r di.splay. Whe n tlw program HALT light is on, all arithmetic registers may be manua lly lo;ided. 

A-Register. This is a 24-bit register that is the primary arithmetic and logic r 0giste r of the compute r. 

B-Register. This is a 24-bit r egister that is an e xtension of the A-registe r for certain operations, including 
multiplication. d ivision, and rcrtain shifting operations. 

Z-RcgistC'r. This is a 24-bit r egister that receives its information from the me mo r y. After a "fetch " 
command, its 15 least significant bits contain the ope rand address befor e modification or, in some cases, the 
opcr:rnd. Tlw nine most significant bits contain one indirect address bit, two index bits, and six operation- code 
bi.ts . Afte r an operand "fetch," the Z-rcgistcr may contain the operand; it thC'n operates as pa rt of t he a rith­
me t i r unit (AU). 

1- !JD 
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/\lJ and Tran sft- r llus . 'I'll(' /\U and tran sf<· r llus .111 · !!::1ti1 11~ s t1·11 < ,.i n·s 111 whiC'h thl' <·r1111pute1· r q~isl<:r s ,1r< ' 
,· onn< :d<'d, iloth as to s ource a nd destination. In th is ·.,.,y , info rrn :t1 1011 < .1 11 I <· tran s fe rred from on,· r e ~ist,· r t() 

a il.her by s im ultaneous gating or the prope r paths frn l?l one r cg; istc . h > t ;(' lU S and fr om tlw ilus to tlw othe r 
w:1stc r . 

Adder :rnd Multiply (MPY) Adde r . These a r c I 1cal st ruc tures L 

I.inns. The MPY adde r serves as a s pe cial "carry - s:1 v1' 1d rlc r" toe .,, 
,1 n· us e d in executing arithmetic instruc-

1u tipl ication ins tructions . 

I. 7. I. 1. 6 Word Format. 

Two ty pes of digital words arc used in the c.omputer progr am: ins truct10n words and data words. Both are 
bin:tr y words that contain 24 bits. The format 11f the instruction and data wor cls is shown in figure 1-3 6. 

The inst ·urtion wor d consi s t s of an opcrati ) n code , an address, inde x bit s , and the ind ire ct add re ssing bit. 
Tlw ope r;1ti on code ,·onsist s of six bits that spcdfy what comman d is to be exc cutcd . T he add r ess is a bina r y 
numbe r that specifie s t he me m ory address of ti .e data that is to be used in the operation. The index b its spe c ify 
i hat an in e x r cgistc will be used with the operation. The indire ct addressing b it ind icates tha t an indi r ect 
:1rlrlres s will be us ed. 

Thl' .:,i.ta word is represented by a 23 -biL b.11a ry number, plus a s i~ bit. The s ign bit ind icates th e pola rity 
,it t he numbe r: a l i1 dicates a negative number; a 0, a pos itive number. The 23 bits indicate the m agn itude of 
the iumbe r . 

1. . 1. 2 F'ully Buffc•red Channel. 

Ar Illy buffe r ed channel (FBC) contains a oata regisk r ancl a <'nntrol Sl·<· 1 ion . On er· s el up from a1. external 
s uurc 'l', th< · F'DC l' an t ra nsfer data clirf'dly from, or to, rn e mory, inc!c pc,ncl c1 : of the computer ma in trame . The 
FnC is usN! to trans fer da ta be tween the data conve rsion units a nd the computers, without iJ1 te rfcring with t he 
compute r pro~ra m . If the FBC and t he comput · program address the sanw me mory location simultaneousl y, 
t.1,· ~BC takJ s prior ity. 

. . 7 3 _!;\c<· ,· ss Distr ibution Unit. 

A The : t-ccss d is t . ihution unit (ADU) provide , prior ity <·t1n t ,i,, !·or t he shar, J core m r. mor y bloc k (8, 192 words) 
• t 1 <'o mput e · comp1ex. Tlw central proc~s , or of eithe r computer , as wc l j as the FBC, maJ gain access to 

!n:- :;c-:.:u p o" ,·ore addresses . 

T lw ADU ca n ha 1 rllf' data inputs fr um a s 111.1 ny as three ,·om 1Jc1 tc r s :m<I <':• n connect them wi t;1 as many as 
<'16 li : map1 ' tic cor e mP 11or v modules . In t he ,MS, thr l'C inp t Ol'ViC'c,. :1 r<' , : secl : the two computers and the 
r.nc. T he shared nh: mor y of the LMS is a du2 l fPrr itc co inc ident - cu rrent <'C r e assembly that consists .,f two 
m >.1,.lr ", ,! : <· 11 hav inp: a storai~e capa!'ily of 4, C )6 words. 

:: OM MAND WORD 

'DE X BITS 

I 
~ -I_NDIRt:CT ADDRt:SSING BIT 

DATA WORD ,-1 l -r -T T __ T_1_ 1 ---1 - , ~ 11-

1 I I 2 3 : 4 ' 5 : 6 I 7 8 9 ! IC 11 12 13 \ 14 15 ! 16 17 18 i_'9~1-~20~~ 2~1 -~--,..-, ----··r-~- MAGNI TUDE (23 Bl $) -L~~=---~~=-----------------------
5M OP- 12 

Figu r e 1-36. Con putcr Wo rd For , :1t 
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I. 7. 1. 4 Common Magnetic Core Memory. 

The common magnetic core memory is a high-speed digital storage device capable of storing 24 bits of 
information in any one of 8, 192 randomly accessible locations. Data, stored in ar r ays of 30 - x 18-mil fe rrite 
cor es, a r e se le cted with conventional four -wir e coincident-current techniques. The switching time of the cores 
and the frequency characte ristics of the logic and driving circuitry permit a full-cy cle repetition rate of 1. 80 
microseconds and an access time of 0. 70 microsecond. 

Figure 1-37 is a block diagram of the memor y organization . Data supplied to the memory arc inserted in 
the information r egister and, then, transferred to the cor e s tack at a location determined by the address register. 
Regenerative information is retrieved by driving a ll cores at a selected address and s etting information registe r 
stages corresponding to amplified outputs of switched cores. The data are t hen available at me mor y output 
te rminals during simultaneous r e insertion (via inhibit drivers) into the core stack. Addressed cor es arc 
s e lected through s uc cessive decoding levels, the first -of which occurs at s e lection switch and synchronized in­
puts . Se lection s witch and synchronized outputs intersect within the X and Y diode matrix (mounted in the s tack 
assembly). This leads to final address se le ction at the inte rsection of X-lines and Y -lines within the cor e stack. 
Timing and control logic coordinates memor y fw1ctions, decodes input commands, and provides signa l outputs . 

1. 7. 1. 5 Pe riphe ral Equipment. 

The following pe riphe ral equipment is used with the computers as input-output devices for inse rting, or 
r eading out, computer data: 

• Linc printe r 

• Ca rd pun ch 

• Ca rd r eader 

• Typewriters (2). 

CYCLE-INITIATEICI) 
REAO-REGENERATE(RR) 

STCH: ADDRESS (Att 

STORE OP CODE (OP) 

ADDRESS AND 
INFORMATION 
INPUTS 
MIi - M124 

TIMING 
AND 

CONTROL 

AD~ESS 
REGISTER 

INFORMATION OUTPUTS 
MIRI - MIR24 

INPUT/ OUTPUT INFORMATION REGISTER 

INHIBIT DRIVERS SENSE AWUFIERS 

INHIBIT 
LINES 

SENSE LINES 

~~~ON X- DIODE MATRIX AND 
SWITCHES LINES MEMORY CORE ARRAY 

Y-LINES 

Y-COLUMN 
SELECTION SWITCHES 

X-ROW 
~ENT 
DRIVER 

Y-COLUMN 
CURRENT 
DRIVER 

SMDP - 14 

Figure 1-37 . Common Core Me mory, Block Diagram 
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1. 7. 1. S. I Linc Printer . (Sec figure 1-38.) 

- TIH: l>ulT1·red line printer a c. ccpts coded signals from the computer and produces printed copy al a rall' <JI 
300 lines per minute on all standard media. TIH' printer is <"apable of a speed of 3G0 lines per minute, pri11tin~ 
11ume rir charactPrs 011ly; it is shared between the compul1..-s through the li1w pri11tr:r time multiplex unit. r•:aC'h 
1·ll111puler transfers dala from its ml'mory Lo the• line pri11ter via its inpul / out rut bus. 

l'rint.i111{ is al'l:omplislwrl with a rotating ch;1t'a('fl-r drum a11d a l,a11k of linear 111otion print ham1111 ·rs . Tli•· 
<"k11·acter urum ('onlains 62 charat:Lers, including capita l lPltcrs and s t·anclard sy mbol s commonly us<·d for 
business and m:1thc malical formulas. Each symbol is repeated 120 tim<·s (l engthwise) ,H:ross the charal'ler 
drum to acrommoc!ate the linl' printer capacity of 210 c haracters p<'r lin e . 

T he charadl' r drum rolalcs at 360 rpm, moving the 62 different characters past each of the 120 line print 
positions. For each character on the drum the r e is :u1 assoc iated print hammer . AL the prope r times during 
each lme -pri11ting cyc le, the selected hammers impact the paper against a prmting ribbon and onto the appropri­
ate charactPr on the drum , thus prmting one complete line of the page . 

The line printe r supplies the mte rfare with control , timing, and char acter code signals that identify the 
cha ra cte r approa ch ing the prmt pos ition. The interface scans the printer buffe r that contams the c haracters lo 
be pri11tcd, and compares each character with the approachmg cha racter code supplied by the pri11ter. Each lime 
a matc h occurs , a s ignal is s ent to the correspondmg hammer address and the sele cted hammers are pulsed , 
causing the appr oaching drum character to be prmted at the selected positions . This sequence is r epeated for 
e ach character until the 120 column locations are printed. 

The line printer is connected to the computers through a paralle l output rhanncl via a time multiplex unit. 
Data transfer occur s with e ithe r OTM, OTA, or DMB instructions. The lmc print e r controls and displays 
(figurr 1-38) a re lis ted, with thei r functions, in table 1- 16. 

I. 7. 1. 5. 2 Card Punch. (St•f' figure 1-39.) 

Th<' l'ard punch is cunnec:ted lo the characte r IJuffC'red I/0 C'h:rnncl s of til e comput e r s through a tinw multi­
plex unit. The caret punl'h can proc· c• ss up lo 100 cards per minute, or on e C'ard ev ery 600 millis<'cond s . It. is 

A har<'d behvccn tlw computers by nwans of the card punl'h time multiple x unit and is c·onm·c·LC'd to eaC'h comput,!r 
W'ia that C'om puter 's C' harader l>uffer and channel. · 

The punchi11 g 01w ration is divided into four eye lcs, as fol lows: 

1- l ll2 

• Feeding. Afte r the POWER ON and START s wil<'hcs arc pressed, a card is fed into the r eady 
s tation and is he ld there by the die card le ve r . 

• Pw1 ching. Upon r ece ipt of a feed a nd pun ch command, a card movement mechanis m passes the 
l'a rd (12t h r ow fi r st, f;ice down) unde r the line of 80 punches, s topping the card momentarily under 
e ach of th e 12 r ows . At the proper column pos itions, as determined by the punch code r ece ived 
fr om the compute r, the ca rd is punc hed. When a card in th e ready station starts its movement for 
punC'hing. a second card is fed into the r eady s tation. 

• Chcr·k in ~. During t lw third cyc le , tlw card is f ed through t.lw postpun ch chcch: brus hes and checked 
for e 1-ro r·s. 

Tall!, • 1-1 6 . LinC' Print, '!" Cclllln>I P:uw l. Cnnl1·o ls anct Dis pla ys 

Cont l'l>I ,1 1· Displ;r y Function 

POWER pu shlnrttrn1 sw it l' h Con trol s 111;1in powe r to print e r unit 

STAND BY pushbutton S\\'ill'h P l:1r·p s prinft'r in print inhibit moc!l' 

SKIP FEED µu s hbutl nn S\\' ikh Advan(' CS papl'r pos iti on at fa st rate 

TOP OF FORM pushbutt on s witch Positions paper to top of form 



TOP OF 
FORM 

LMA7 90 - 2 - LMS 

l,e SMD P - 15 

Figure 1-38. Line Printer 

1- 103 



LM,\ , r;0 -2 -LMS 

. ~ \ ' :, .~ •: i 

. jf.1· .. \ ,w· I 

"' 4 . ·rr, r; -~~ \ 

Figure 1-3D. Card Pun<'h 
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• Stacking. The card is placed on the output s tack . Afte r the START button is press(•d, th l' punch 
is unde r contro l of tlw computer program; the n :rn OCP "card punc h se lect" s i~al ca n e nable llw 
l'ard punch. Compute r punch cha ra cte r code transfe r is a ccomplishccl se rially, one row at a time. 
For example , the 80 digits in r ow No. 12 a r c coded by shifting the code in , column by column, 
until the las t co lumn contains a ' 'punch" o r "no pun ch" s ignal. This r equires 80 shifts be for e the 
punc h s trobe for that row. This process is r e peated ea ch time a new r ow is pos itioned under the 
punches , until all 12 rows have been punched. The computer uses three sense lines fr om the punch 
to monitor its operation, as follows: 

SKS 22 500 (punch busy) - Present from the time a card is c lutched, until approximately 
4. 0 milliseconds aft e r the last r ow has been punched 

SKS 22 501 (ready to punch ne xt r ow) - Pre s ent while punching each r ow (approximately 
820 microseconds) 

SKS 22502 (invalid punch) - Pre s ent after e ve r y punching e rror. 

The ca rd punc h controls and displays (figure 1-39) an• lis ted, with the ir fun ction , in tabl e 1-17. 

Tab le 1-17. 

Contro l or Display 

POWER ON pushbutton 
s witch 

NOT READY indicator 

P UNCH CHECK indicator 

FEED CHECK indicator 

START pus hbutton switch 

STOP pus hbutton switch 

RESET pus hbutton s witch 

P UNCH CHECK ON 
indicator 

RUNOUT pus hbutton switch 

POWER OFF pushbutt on 
s witch 

Card Pun ch Control Pane l, Controls and Dis play s 

Functi on 

Applies line powe r to inte rnal s upplic·s ; lights 
NOT R EADY indicato r lamp 

Indicates unit is not r eady fo r ope r a tion; li ghts 
when any of fo llowing cond itions ex is t: 

• Power-o n sequ e nce incomp.le te 

• No ca rds in hopper 

• START switch not pressed 

• Sta cl< e r full 

• STOP sw itch press l' cl 

Indi cates (':t r d has not been punc hed 

Indicates failur e in card feed , o r e mpty hoppe r 

Ca use's ('.trd to IH' fed into r l'acly s tat ion 

Stops operation o[ unit ; lighh NOT HEADY indicator 
lamp 

fl(' Sct s punch and feccl - chc('k circuitry : lights 
NOT READY inclil'ator lamp 

lndit'al('S that pun <" h-che <" k c ircuitry is operating 

Causes last pun ched card to be [Pel to s lacker ; 
clr :1rs ca r ds from feed 

Rc>11 H1ves lint' powP r from unit 

1- 105 
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1. 7. 1. 5. 3 Card Reader. (Sec figure 1-40.) - The card reade r is a photoele ctric card-readin~ devic e with a maximum reading speed of 200 cards per 
minute and a hopper and stacker capacity of 500 cards. The reader is completely buffered; the read circ:uitry 
is monitored automatically between card cycles. Invalid characters are de tected during card reading under 
ope rator control. The reader is connected to the I / 0 character buffer channels of the computers through a time 
multiplex unit. 

Two reading modes are possible: alphanumeric or Hollerith, and binary. In the alphanumeric mode, each 
column contains the code for one character. When reading Hollerith-coded cards, the unit r eads the 12-bit 
character and feeds the code through an alphanumeric decoder . The decoder produces a six-bit coded chara cte r, 
whic h is encoded by the interface to a computer-compatible six-bit code. The alphanumeric syste m pe rmits a 
maximum of 80 characters on a card; each card uses 80 computer memory locations. In the binary mode , each 
of the 80 ca rd columns contains two 6-bit characters . The reade r strobes each column twice : first it extracts 
the lowe rmos t s ix bits of the column (rows No . 9, 8, 7, 6, 5, 4) and sends them to the inte rface ; then the upper ­
most s ix bits a r e read and transmitted to the interface . This action is repeated for each column. Decod ing is 
ne ithe r r equired nor pe rformed. A maximum of forty 24-bit computer words can be accommodated on one ca r d . 

Two timing modes are also available : continuous and pulsed. In the continuous mode, an OC P s ignal cause s 
the cards to be r ead until any one of three conditions exis ts: (1) the encl of the fil e is reac hed (card hoppe r is 
empty), (2) a fault occurs in the ca rd reader , or (3) a s top code on a card is read. In the pulsed mode , an OCP 
" r ea d one car d" signal mus t be r eceived ea ch time a read ope ration is to take pl ac<!. The card r eade r controls 
::rnd dis plays (figure 1-40) are listed, . with their function, in table 1-18. 

Ta ble 1--18. Card Reader Control Pane l , Controls and Dis plays 

Control or Display Function 

POWER ON pus hbutton s witc h Initiates powe r-on sequence and lights NOT 
READY indicator lamp 

NOT READY indicator 

FEED CHECK indicator 

VALIDITY CHE CK indica tor 

END OF FIL E pus hbutton switch 

START pus hbutton switch 

STOP pus hbutton s witc h 

RESET pus hbutton s witc h 

VALIDITY ON pus hbutton s witch 

R EAD CHECK indicator 

POWER OFF pushbutton s witch 

1-106 

Goe~ on when one of following conditions exis ts : 

• Power- on sequence incomplete 

• No cards in hoppe r 

• Stacke r full 

• Read or validity ch eek in progr e ss 

• Feed- chec k in progr ess 

• STOP s witch enabled 

Goes on if card is not fed 

Indicates invalid cha racte r is s e nsl,d 

Enables processing of cards a fte r last ca r d is 
fed from hoppe r 

Puts card r eade r in r eady cond ition and ext in­
guis hes NOT HEADY indicator la mp 

Places card r cade r in not r eady condition 

E"1:inguis hcs VALIDITY CHECK, R EAD 
CHECK and FEED CHECK li ght 

Causes validity check of each card cha racte r 

Indicates failure of exc iter lamp or ci r cuitry 

Removes power from powe r s upply and 
extinguishe s POWER ON indicat or 

·• -· ' 
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;, .. ;, .i1 <· Lli ;tl , i: , , ·:-. .. 1.,vc lll' ,ni . .i td k, •yll,);t nl :trra 11 gc 11a·1il i11Ll'11<i1 ·d 1111 11~,l· w1Ll1 c; t<'lt ,·., m1H1 ler . T l, •· lypl'wr iu·r 
l, .1s .1 1 !i -itlf'll 1·:t1Tiaw·, wUh :1 13 - ul<'h wril ill [!; .lint •. Th, · lypcw ril<' r r il >l.><111 and s p, ,111 :1 n ' i11 :1 s 11 :1p-in c·al'lrid ~~· 
lo fa, ·iliLtf<- rcpla,·cm<'lll. 

TIH' lype wriltT !'unl:1i11s 111:t('hi1w full<"liuns (lop, s p;u·<' , 11ppPr1·;1.s1 ·, il:i cks pan•, di:. ), and cod,, rl d1ar:i< :l.1 ir s 
si milar to a s lanclard lypcwril<'r. Communication wilh LIH '. ,·onipulcr 11scs lhc 1Jinary-<·odt:d-d1i r. im;il fnrrnal. 
The ty pc wril<'r is con1wdcd to lhe computer via th<' typc wrilc r inle da<·t• logil' and inpul/ oulpul clia racte r 
l' ha nne l. The typewrite r interfal' e log ic co11verls the ('haraclers iJ1lu a form suitable for use by Uw compul1, r 
and functions in reverse for dala trans milled to the typewriter. Ope ration of the typewrite r is controlled and 
monitor ed by OCP commands and sense lines. Interlock controls inhibil typewrite r use , except when selected. 
To assist the instructor, the typewriter can: 

• Change the variable being recorded on the X-Y plotte t"s or X-T r ecorde r s during the fr eeze mode 

• Intl' rrogat0 and priJ1t out conte nts of any me mory location during the fr eeze mode 

• Notify that an e rror has been found 

• Insert the date :uid time of day into the compute r lo enable identification of a ll r ecorded outputs 

• Print out s pec ial messages; c . f?; . , notify the ins lru!'lor that the magnc li c Lape unit r equin•s ;1 new 
ree l of tape. 

The typewriter controls are listed, with the ir fund ion, in lablt! 1-19. 

1. 7. 2 DATA CONVERSION EQUIPMENT. 

The data conversion equipment (DCE) at:cepts signal s I rans fe rr0d bclwecn the t·ompul<)r (' <J mplc x a nd other 
LMS devices and conve rts them into a form suitablti for use in c;t('h an•a. Inpul s ig;nal s fr om lhc othe r LMS 
de vices are iJ1 one of three forms: analog, digital bits, or digilal words. Outputs from lhC' computers arc in 

. ord-serial, 24 - bit parallel words. 

Flow of information from the digital computers via th e control unit, and lo and from individual <:onvers ion 
d<'viccs, is shown in fi gure 1-42. Data arc transferred between lhe computers and lhc c onlrol unit via the FBC. 
Tnu1sfe r of data is unde r control of the real-time input/ output program, which is iJ1itialcd 20 times pe r se cond. 

. '' -- ·-------' - - _:___ -- . ' ' . 

- SMOP -.'1 
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Tabl e 1- 19. Typewr ill'r Cont rols 

Control Fund ion 

Platen control notates platen fr ee ly in e ither dirc:dir,n 

Line space leve r Sc !eels s ingle or cloulJlc• spa C' ing 

Paper r e lease leve r Enahlcs positioning rir r e mnv;i l of papr•r 

Tab control pushbutton Enables c!Paring o r sc: tlin ri of ta l,s 

MARGIN RELEASE pus hbutton Re leases right and left marg in s 

Tab pushbutton Move s c-arriage to tail s,: ttin g 

Key boa rd pu s hbuttons Enab le t yping of standard and s pcC' ial 
r harade rs 

BACKSPACE pushbutton MovPs c:tr ria g<' toward left margin 

IND E X pushbutton Pe rmits ve rtic :1! s pacing 

CARRIER RETURN pus hbutton Returns c-arriap;c to ll'ft margin 

Motor control Activa tes typewriter 

Spac e bar Ad va ncf's carriage towa i-d right margi n 

SHIFT ke y Sh ifls ty pc to u ppe rrase lc tte ring 

SHIFT LOCK Locks shift key in pos ition 

The DC E consis ts of the following: 

• Input / output cont r ol unit 

• Digital bit ou tput equipment 

• Dig ital word output (direct) equipment 

• Digibl word output (r e lay) equipme nt 

• Digit a l bit and digital word input equipme nt 

• Stabilization a.nd rontrol s ubsysll'm ctmvcrtf'r 

• Digital-to-analog convPrtcr 

• Analog-to -digital conve rter 

• Digital-t o -resolvl' r conve rte r . 

1. 7. 2. 1 Input Output Control Unit. 

- - - -·--

I 

I 

The input output (I ·o) C'Ontrol unit controls the flow of all data between the (DCE) and the compul!ir cl' nt.ral 

processo r s. Th is unit accepts inputs v ia the 17 line s fr om each comput e r octal sense matrix , on whiC'h any of 

30 combinations o f device rodes ma y be trans mitted. An OSM r egis ter clecocles this input by r e:1cli11g the Inst f iv1· 

bits of tlw OSM. A dis c rl'le de vice commancl is tlwn put on the c-omm on DCE control lines. 

The dt•t ·oding- and r eg is ter cir cuitry of the l/0 c-ontrol unit is initialized at the start of each proble m . Ail 

gating- logil' timing puls ('S required fo r I/0 data transfers are gerw rated within the l/ 0 control unit. A 1-mc 
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cn·,d :tl os ,· ill:il <> t' pn ,,· i<ks Ila· ll:t s it- ti m ing puls<'s l<1 :1 rl;1 t;1 s,•ri 11, ' 1H· ,•r . C,,nll'l ll l ogi(' c·1 rc ·uit r y gate's tlw signals 
t,, lh,· I O i nt ,•1'1 :11·,• .11nl hn ldtn r•: 1·Pgis tt' t·s. In put and llutpul r q:;isl,' r ,-; lw l d 11,,, d :tL t UL'ing <'X('hangt>d, until tilt' 
d,•,· i< ·,· l'l ' ,.l' i \' i 1q~ th, · d:t!a 1,; f1 ·,·,· I P :t<'<'l'pt it. Output t:::1l,·s .tn' t-l1t ·n ,·na!Jl, •d lll pass llw dab. 

\VIH ' ll .t ,t.-vi,-v 1s i 11 t ,· 1Toga t, ,d. :1 r cla~· n,imll'r 111 ll H' I O nmlrt1I un it bq:: i ns to in('rcmcn t a timL' span in tc­
g 1·:illl1 ·. rr :1 "tll'Vl('<' r<': tdy" l'l ' pl\· i s nnt rt'<'<'ivcci with i n 100 mi<Tosc,·t11Hi s. thl' pPndin g data transfe r is s kippC'cl 
:,ml :111 SKS pu l s <' i s rl'lu n ll'd I n Ila· ('t1ll\pu tc r th :tt origin:tlly n ·qut's l c d usl' uf t hC' i nput o r ou t put dc v i (' c . The 
1/ 0 1·011tn)I un i t supplil'S int ,, r rnpl ,; igna l s tu t he' ('(llll!)Ull' l':,i when t.h l' DCE ha s SUCCC'Ss fu lly ('Otnp lC'lC'd a data 
I 1·: 111sf1 •r, i11cl i ,·:1ti ng l o ll H' ,·n m pulcrs that t he next r ,·quC' s t f, i r data t r an sft-r c:111 1i,, hono r ed. 

I . 7. 2. 2 Digital Bi t Output l ·' quipn1t•11t. 

A Till' tli~ital hit output (D£10) cquipnwnt µro v idC's 311 8 lu 1t('!ional ;md 11)1 spare discrete output 1'11anncls b t' lwccn 
"'lllllll!'r:'1· 1·1 H11put1'1· <·ompll'x :111d t il t· otiH'l' elcnwnls uf the LMS. Data f l ow (fi~un: 1- 43) i s m ade ava ilable' through rnn­

l:1< ·t ,· losur<',-; " ' nwn·u ry - w,' l! l'd r1 'L1Ys. 
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The digita l data output from the computer is paC'ked as tlw least signifiC'ant bit (LSB) in a give n data wore! 
stored in the computer corl' me mory. These data words are transfe rred fr om the s hared memory, throut-;h L1 1,· 
FBC, to the I/0 control cabinet. Though only the LSB is used, the entire word i-s trans mitted ove r the 24-linc 
data loop that tie s togethPr eaC'h of the DCE de vices. 

The sequence of th e DBO equipment (repeated with ear. h subsequent updating) is initiated by a function control 
pulse from the I/ 0 C'ontro l unit of cabinet No. 50. Rec e iving a "device ready" pulse in return , the compulC'r out­
put d:-ita is fed to the DBO equipme nt. The LSB is w1packed as eac h word is r eC'eived, and se rially loaded inln a 
shift r egis te r. Whe n an inte rnal shift cow1ter r eac hes 12, lhc 12 data bits arc loaded into a flip -flop stora ge 
n• ~is tc r. The data output from the computer is loaded into these serial buffer me mories until all dis c r Ptf' s ig­
nals havP been stor ed . An address cow1ter then triggers transfe r pulses to each of the buffe r data stores, trans­
mitting all bits to the individual output relays, This serial loading, storing, and outputting of the digital dat a is 
controlled by a programmed logic device integral with the DBO equipment. 

1. 7 . 2. 3 Digital Word Output (DireC' t) Equipment. 

The LMS digital word output (d irect) (DWOD) equipment provides a data interface be tween the computer com­
plex and the visual display drive circuitry. The r e are 32 groups of data, eac h comprising 16 individual bits . The 
digital information is stored in thirty-two 16-bit flip-flop r egiste rs . The s tate of eac h is sensed by an inve rting 
amplif ie r th:-it serves as a buffer -with the adjoining vis ual equipment cabinet. Figure 1- 44 is a flow diagram of 
the DWOD equipment. 

Tlw data eontrol pulse initiates the update seque nce by resetting an address cow1te r to cha nnel lhe inc om ing 
clat:-i t o the fi rst of 32 registe r s . The DWOD equipment then sends a "device r eady" pulse back to the I/ 0 control 
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11:iit. T he da ta :1 1·< ' s t rol>L•d tu tlw DWOD equipme nt in 16- lJit para lle l lJursts, each uf whit:h r e sults in a cun­
f1n11 ,1tion puls t> hein~ SL0 11 t l>al' k l,J tlw 1/ 0 control u11it tu init iate the ne xt da ta flow. As each 16- bit r el-!,ister 
is (ilkd, the :1dd ress L'ou nll' r is incre mc nt l'd by o·ne . to s trobe the next da ta bur s t into t he subsequent register. 
Tit!' input data an• received by the DWOD equipment via the 24-bit com m on data loo p tha t connects a ll elements 
,,[ till' DCE . Lu~ic l'nnt ro l <'i r cuilr y included in the DWOD equipm ent a ssures correct seque nc ing of th e data 
fh >w within thi s oul µul dl'Vil'e . 

I. 7. 2. 4 Di~ita l Word Outpu t (Re la y) Equipm ent. 

The di gita l word oulµut (r elay ) (DWOR) equipment is simila r t o the DBO equipm ent. The DWOR equi pment 
di.ffers principa ll y in that t he data output from the compute r is densely packed , providing 24 signa l lines from 
each wo r d read out of the core me mory. A total of 1, 344 channels are a vailable fo r outputt ing digita l da t a 

- lhrnu1'h thl' DWOR equipme nt. 

I - I I 2 
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Afte r reque s tin12: access to the DWOR equipment (via the I/O control unit) and r e<.:e ivin i; a " devi<.: e ready" 
confi rmation pulse , the compute r outputs a s e ries of 56 data words, each 24 bits long, to the DWOR equipm ent. 
To buffe r the high data output of the compute r with the much s lower (5 millieeconds ) latching lime for each of 
the DWOR equipme nt output r e lays, a core memory device is used to tempora ril y hold the di gita l data . Figure 
1-45 is a flow diagram of the DWOR equipment. 

A programmer circuit is signaled by the I/ O control unit to reset the address counte r s a nd be gin accep­
tance of 24-bit data words from the common data bus. These incoming data are gated into the 56 sequentia l 
word addre sses (each 24 bits long) of the ferrite core me mory in the DWOR device . Whe n the high- speed data 
transfe r fro111 the (' omputer to the DWOR core memory is completed, the address counte r is reset and the sto r C' d 
data are sequentially r ead out to the me r cury r e lays, which are la tched up from that point until the next up­
da ting sequence. 

1. 7. 2. 5 Digital Bit and Digital Word Input Equipment. 

This equipment pr ovide s an inte r face between the disc r ete switch c losure s of the simulato r comp lex and 
the computed simulation programs. Figure 1-46 is a flow diagram of the digital bit and digital wor d input 
equipment. Da ta are handled in single bit proce ssing (digita l bit input), and in da ta packin g of 24 hits handled 
in common as a s ingle digita l word input (DWI). A total of 576 (508 fun ctiona l and 68 s pa r e) channe ls of di gita l 
bit input (DBI) equipment and 8 (7 functiona l and 1 spare ) DWI units are provided . A comm on control unit 
r egula tes both type s of inputs. 

A s e lection r egi.s te r sequence s through the input AND gates when the input interrogation command is r e ­
ce ived fro m the I / O cont r ol unit. Each input bit is s e ria lly s ense d, and loaded onto the com mon da ta loop, 
be ing gated into the lea st significant bit line. Thi s sequential processing makes it possible to t ie the output of 
a ll input ga te s toge the r through an OR gate de lta matrix that termina tes in a s ingle s igna l line (the LSB l ine) . 

The DWI equi pment is a lso sequenced ; howeve r , in this equipme nt , strobe pulses enab le 24 AND gate s 
s imultaneous ly, trans fe rring 24 bits to the common data loop as a single word . In pr ocessin g; thi s section, the 
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bits .,r simi lar mag-nitude in each of fh P µ;ro ups arc tie d luµ;cther lly OR 1-;a lcs, lcrininafinµ; all of the 24 commc,n 
d:lfa l<>Op lin!'S . 

I. '"I . ~ - (i Slallilizat illn :incl C<>nln>I Subsyst em Converter. 

A speci:11 diµ;ilal JH"llct' ss in µ; convt•rt e r handles lhe mom e ntary switchinp; status data of the SCS hand con -
I rn l ll '1·s. Fiµ;11r<' 1-47 is a fl<>w diaµ; ram of this conve rter. Manual translation inputs f nlln lhf' c rew ;ire s e nsed 
t,y .1 ~a•f ,, f 12 m ic r oswitc hes. Neg-at i ve and positive displacement groups are provided for the 2. 5° and I 0° 
p,,,-lfi<l11s in <'ac h ,, r three' axes (pit c h , roll, and yaw). F or r ealistic simulation , the ha nd contro lle r outputs ::re 
s:rn 1p lPd :1t a hiµ;l11' r 1·a t f' t ha n the norma l 50-millisecond cycle time common to the LMS computer comple x. 

A St' ri Pi,; <l f 12 count e rs , each of six-bit capacity, is tie d directly to the 12 hand controlle r mic r oswitches . 
rtw ,·,nmt<•rs :1rP pul sed hy a 1-kc si1c-ri1a l g-ene rator when a controller switc h i s c los ed. In this way , the stalP 
,,f th1 • ClluntPr is a naloµ;o us to the time int e1~ral of the controller inputs. Use of a 1-kc oscillator results in a 
c ,,n tr ll l input resoluti!ln llf I millisecond . 

Tlw hand rontro ll e r sta tus is made available to the computer complex as discrete switc h closures and as 
1 IH' i11t c~rat i11µ; l'llunlcr outputs. The dis c r e te switch contacts are also tied to contro lle r position displays at 
lll" instrnc-tor t·onsole. When the disc rete switch status is interrogated by the computer, the I/ O contro l unit 
s, ·11rl s :1 fu nction pulse follow ed l>y a series of da ta strobe s that sPquentially ga te each of thl' 12 switch lines -I" t lit· 21th bit o[ the Cll mmon data loop bus. 
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When the s ta tus of the 12 inte grating counte rs i s to be ac ce ssed, the I/ O control unit output s gat in g pulses 
that dump the six bits of eac h counter onto lines No . 19 through 24 of the comm on data loop . The channe l 
counte r then advances to the next six-bit register and dumps its contents onto two data loop lines . In thi s wa y, 
all 12 counte rs a re read out during the norma l 50-m i llisecond ma chine computation cyc le . 

1. 7. 2. 7 Digital-to-Ana log Converte r. 

B 

The ba sic concept of D/ A conversion in the LMS compute r co mplex is a sc hem e of ave r a ging pulse -width ­
modula ted signa ls . The digital da ta drives a flip-fl op powe r swit ch back and forth betwee n +10 and -10 vo lt s . 
The gating is done on a time - weighted basis , the most si µ,11ificant bits holding the output voltage in one or the 
othe r s tate longe r than t he less si g11ificant bits . The algebra ic sum of the se plus and minus volta12:e excursi on s 
n ' sults in a time -inte gr a ted total voltage output tha t r e mains a s the fina l output signal. Fi gure 1-48 is a flow 
diagram of the digita l-to -ana log converter . 

The digital data is fed to the DCE on the 24 - line co mmon data bus. Or. .• command from the I/ O cont rol unit, 
320 data words a r e s equentially gated onto the D/ A conversion bus ; they latch up a transfer regi s ter. Only 11 
bits , plus the si~ bit, are transfe rred from the co mmon da ta bus. A cor e memor y s to r age device holds the 
320 da ta words while they are processed through the conversion equipment , because the compute r output data 
must be transferred at a ve ry high rate to c lea r the DCE da ta buse s for othe r I/O ope rations . 

Befor e loading into the buffe r cor e memory of the D/ A converter , the input data is exam ined and the trans ­
fer registe r outputs a r e set up to a ccomplish the fo llowing data tr ansfo rmations 

• The s ign bit i s inverted. 

• If the sig11 bi t is nega t ive , the comple ment of each data bit is gated fr om the t r ansfe r r c µ; ister 
into the buffe r core . 
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Fi t,,'11re 1-48. Digital-t o-Ana log Converter , Flow Diagr a m 

• Three of t he transfe r r egist e r flip-flops (sign bit and two MSB) are each gated into pair s of co r es 
in the buffer me mory . 

T ill' logical control circuitry th£>n gates the transformed 12 bits of digital data into the buffer core . This 
co re me mory is an off-the-shelf unit with a capac ity of 512 words, each 15 bits long. Three of the 12 data bits 
a 1·(' r epeated . The updating data fr om the I/ O control unit consists of 320 words transmitted in a r a pid serial 
s l'quenc c . Whe n the buffe r has accepted all 320 words in the output data burst, a readout cycle is begun , at a 
n11H·h slow£>r rat e , to transfe r the digital data into a spec ial-purpose, dual-aperture, fe rrite-core storage 
dev ice that include s a nondestructive mem ory feature. 

A, The buffe r co r e data are loaded into the dual -aperture core in a sequence of 320 words; the 15 bits of ea ch 
,.,wo rd are g:i ted in pa r a lle l . The dual-aperture core consists of dual 256 word units (15 bits pe r word) of which 

on ly 320 words are used. The dual-ape rture de sign of ea ch ferrite - core makes it possible to pulse the co r e 
a nct read Dul the dat a without complete ly destroy ing its magnetic state. A half- current repriming pulse brings 

1- I Hi 
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l' a t: h r<'artoul hit pn·v iousl y set to :1 I i>:ick to its sa tur:d,·d s t:d,· ; pn:vi1111:;l y O l'(lf'l ' : i d" 11"l 1·1·:11'1 l" lliis hall 
normal drive current. 

The sequence in which the data arc read out from the dual-aperture core is µ; ive n in tabl e 1-20. The co nt r,>I 
logic unloads the core data in a bit-sequential, word-parallel mode . The sign bit of all 320 wurds is p:atect nut 
simultaneously . The initial e nable pulse for this bit lasts for 1,024 microseconds . Tlwreafter, rac h of the 
less significant bits are read out, being gated for descendingly shorter spans; each bit is enabled for only une 
half as much time as the preceding bit. In this process, the 15 bits of all 320 data words are read out in par ­
allel over a span of approximately 4 milliseconds. The logic control circuitry then begins , immediately, to 
sequence through the 15 bits of each weird again. 

The digital nutput of the dual-aperture core is canied on parallel sih'11al Jines to 320 sense amplifiers tha 
dri ve an equal numbe r o f bilevel, flip-flop voltage sources. This leve l-switc hing c ircuitry swings between 
;-10 and -10 volts. The output of the bile vel voltage source is conducted through a n averaging filter netwo rk. 
The signals fe d to the D/ A output networks are in the form of a continuous pulse-width-modulated data t r:iin. 
The most si h'1lificant bits in ea ch digital word converted appear as long pulses (;-10 or -10 vo lts de ) foll owed ll:, 
descendingly shol'te r pulse widths for each less significant bit. As each digital word read s equence is c om­
pleted (4 milliseconds) , the cyc le is repeated; a continuous data stream is fpd to the averaging fillers. The 
time constant of these filters yields a smooth output sig11al on each of the 320 (24 1 functional and 79 spares) 
D/ A channels, fr e>e of iterative fluctuations. 

Table 1-20. Digital-to-Analop; 8<' ria I Data Bit Re ad Scquc·ncc 

Pu l.se Width Cyd c Time 
Bit Position ( µ s c·c·) ( µ SeC') 

*20 1,024 1,024 

2-1 512 1,53G 

2-2 25G 1,792 

2n 2 1, 794 

2
-10 

2 1, 796 

2-9 4 1, 800 

2-8 8 1, 808 

2-7 lf\ 1,824 

2- G 32 1,85 6 

2- :i (i4 1, 920 

2-4 128 2,048 

2-3 25G 2,304 

2-2 2:iG 2, SGO 

2 - 1 512 3 ,082 

*20 1,024 4,096 

* - Sign bit 

R - Hounclol'f bit. 
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-1. 7. 2. 8 Analog-to-Di{dtal Converter. 

There are 64 channels of analog-to-digital (A/ D) r:onv c rsion equipment in the LMS, with a growth potential 
to 160 channe ls. The conversion scheme is based on a comparative process in which an inte rna lly generated 
voltage is compared with the incoming ana log signa l. The internal signal is adjusted, digitally, until t.he t. wr, 
voltages are alike, at whirh time the digital word required to J!:enerate the matehint~ interna l vo ltaf!,f: is gat.•~d t, , 
the compute r compll'x. Fi~re 1- 49 is a flow diagram of t.he A/ D converl i, r. 

After an input command sip,11al is sent from the I/ 0 control unit and a confirmation pu lse is returiwd frrJm 
the A/ D convertPr, an address counter is reset to initiate input signal gating to a n1ultiplexe r . Thi s unit 
sequentially selects each of the 64 input lines and connects it to a holding amplifier. Tlw s ignal level of the 
input line is captured by the a mplifie r. The amplifier output provides a stable voltage source frJr the compa rator 
circuit during the conversion process. 

The comparison c ircuit includes an internal ladde r network voltage source, excited by a very stable power 
supply. This ladder is latched up St'que ntially by an 11-bit register circuit that, starting at the maximum 
output voltage, begins to reduce the ladder connections until a match is reached between the ladder network 
output and the input analog signal raptured by the holding amplifier. As each ladder "rung" is switched, the 
output of a co mparator (differential amplifier) is sensed and the switch is reset or left latc hed, depending upon 
the rela t ive magnitude of the two signa ls. 

When lhP last bit (LSD) of the ladder network has been sampled by the comparator, a gating puls e dumps 
tlw con tents of th;, laddei· network latching r egister on the 11 mMt significant lines of the common data bus. 
The sign bit as sensed rn the converter , is also gated out the 24-line da ta bus at this lime. A pulse is then 
sent lo adva nce the mu lti plexe r address counter and thus initiate another conversion cycle by sampling another 
input analug s ig;1:i. l line . 

I . 7. 2. 9 Digital - to -Resolvfir Converter . 

The digilal-to-resolv E' r (D/ R) converter is a self-contained, solid-state, modular. rack-moun ted device. 
ll accepts bina r y angle data fr om the computers and converts it to r esolve r form. The conve rter can dri ve· a 
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resolv<'r al 11 . 8 or 22. 4 vo lt s line-lo-line with a sta t ic a<"cura cy of I. 32 1uinul!'s of :in·. fi cc'.J !'l' 1- 50 ts;,. 
block diagram of the D/ R c·onv'erter. ' 

Tire 14 (12 functional and 2 s pa r es) lines of input data from tire <·omput!'r an· cl1 •\iv1·rtid tc, in vP rlcrs that 
c r eate com ple m e nts :111d act as buffP r s that drive ll tl' fo llowing cirC'uitry . ln vc 1·t0 1· oulpuls fo r the first I\\' , , bi t s 
of infor mati on and the ir co mp le m e nts arc fed lo the quadrant se lcdo r . The quadr:1111 :-w lcclor computes the 
quadrant in whi C' h the an!,!: le is located, by dctermininl!: the pu laril y o f the sine, co s ine, and interpolation r e fer ­
e nce potentials. The ou tput of the quadrant selector is fed lo the trans fo rme r switc hes . whi c h swit c h the in-
ver ting s ect ion of the ana log transformers . · 

The inverter out put for the serond throu gh fifth bits, anct their complements. arc fe rt l o t he sec tor sele C't o r . 
The sector sele ctor c ha nges the data fr o m bina ry form lo a lG- cmutl fo rm (0 lo 15) . The output of the see! Gr 
se lector is fe d lo the t ri gonometri c translator. This section co nv e rts the dat a received from the serl o r sdt' ,' t()r 
to a form compatible with the t r a nsform e r taps 1Je in 1~ switchcrt . Tlws<' data an' fert lo lhf' If' \' (•! l'l1Il\'t' rtcr. w!'.i,'' i 
distribute s them to the t r a nsfo rme r swikhes . Th<'SP switches select the tri p;< HH1111ctrk analni: tr:u1sf0 r 111t' r Ul' 

required fo r the a na log progra mmed. 

The inverte r output s for the last nine bits of information , and the ir co111plcml'nls. arc feel lo thP lea st 
sip;11ificanl digit (LSD) translato r section . Thi s sec tio n c hanges l hc binary da lJ. to ;1 fuur-l' uunt form (0, I , 2. 
a nd 3) by using suc ce s s ive pairs of binary bits. The output s o f the LSD tra nslator are th e n fe d di1·ec tly to l\11.; 
so lid-state transfo rmer switches, which program the interpola tion sf'C'l ion of the analo[.!; transformers tu the 
d e sir<" d set ting . 
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- !'he ;.incillary functwnal 1-!,roup consist:; of llw LMS power equipment , ai r- conaiti oning , and ca bling , dis-
cussed in the pa ra graphs 1. 8.1 through I. 8. 3. 

l. 8. 1 LMS POWER. 

The LMS is designed for connection to a 120/ 208-volt, 60-cycle, lh ree -phase, four-wire, g rounded s ystem , 
with a separate 115-volt , single-phase service supply. The se rvice supply provide s powe r to the 26-volt d- c 
utility supply used to sequence power turn- on and to 115-volt convenience outlets. 

Three dual-bay cabinets and two single cabinets house the LMS main power supplies and assoc iated equip­
ment. In addition, many of the LMS racks contain their own power supply. Power cabinet No. 1 (36, table 1-1 ) 
houses the main input power feed syste m , the 1,000-ampere master circuit breake r , the circuit breakers for 
each major 115-volt a - c power bu s. and the 400-cycle motor-generator set. Powe r cabinet No . 2 (37) houses 
only circuit breakers, among them the 300-amper e circuit breake r unit (100 amperes per phase) for the 115-
volt a - c visual system supply and circuit breake rs for branch lines off the main power buses . Power unit (51 ) 
,:ontains two di gital resolver converters for the visual system, and circuit breakers to protect individual com­
ponents of the digital conversion equipment (DCE ). EVDE power cabinet (A40) contains power supplies, main 
switches, and monitor ing instruments for power distribution within the EVDE subsystem. Powe r cabinet No. 3 
(38) is used to apply and monitor power to the LMS. It contains the switch lights for the maj or subsystem 
c i r c·uit breakers, running-time meters to monitor the ope rat ing time of each subsystem, and instrumentation to 
monitor voltage, current, frequency , and phase of the power inputs to the LMS. This cabinet also houses an 
instrumentation converter that provides BOO-cycle powe r, and an a uto sequencer that delays startup of each sub­
system to avoid current surge and to ensure dependable power inte rlock . The power cabine t s are centrally 
localed within the LMS complex to minimize voltage drop, reduce electromagnetic pickup and rad iati on, and 
mainta in good d- c vo ltage r egu lation . Figure 1-51 is a bloc k diagram of the LMS power system . 

LMS power requirements for individua l major subsystems are listed in table 1-21. The total powe r con­
sumption, with the LMS ope r ating unde r normal spaceflight conditions and with all equipment turned on, is 
254 . 7 kva; the current per leg is given in table 1-22. 

J -120 

Table 1-21. LMS P ower Requirements 

External visual display equipment 

Computer complex 

Di gita l conversion equipme nt 

400- cyc le motor - generator 

Life support equipment 

utility 

Per iphe r al equipm ent 

Data r e r orders 

Tape Recorde r 

Flood! i~ht 

Synchro rPs0 lve r / ctriver 

Landmass s imulator 

D-C powe r supplies 

100 kva 

43 kva 

25 kva 

30 kva 

25 kva 

15 kva 

ln.7 kva 

3,500 va 

100 va 

600 va 

2,000 va 

3,000 va 

7,500 va 
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Ta lJ k 1-22. Estimated Loads Pe r Phase 

Phase l Phase 2 Phase 3 
Equipme nt (amperes) (amperes) (amperes ) 

Pe riphe ral 40 40 40 

Life s upport 26.5 28.2 26. 4 

Digital conversion equipment 43 43 43 

400-cps motor-gene r ator set 38 38 38 

Compute r complex 95 95 95 

Total 242 .5 244.2 242 . 4 

I NOTE I 

• The EVDE will have a bala nced load of 100 kva . 

• Two compressor s will maintain pr essure to life 
s upport equipment. 

• The 400 - cps motor - ge ne rator se t is cons ide r ed 50% 
e ffi c ient. 

When properly conne cted, LMS performance is satisfactor y over a no mina l ±8% range at 120 and 208 vo lts 
ac without changing transforme r taps. Pe rfo rmancC' is satisfactor y with a steady freque ncy of 60± 1. 8 cps with 
a voltage and cyc le r ecove ry r ate of 3 s econds. With the simulator in no rma l operation, the loa d on each phase 
is balanced a s c los e ly as possible, with an unba lanced current on a ny one leg not gr eate r tha t 15% of the average 
of the three -leg currents. 

The power facto r is nol less than 85% and has the s a me va lue in each leg. The maximum powe r r equired 
doe s nol exceed lhe design capacity of the powe r supply r ating. All power s ource s , except the 400-cycle supply 
a nd certain self- contained integral assembly supplie s, a r e s ol id s lale . All supplie s are continuously monitor ed 
automa tica lly for overvoltage a nd ove r current ; all c ircuits are adequately protected by c ircu it br eake rs to 
avoid line or subsystem failure s. 

1. 8. 1. 1 Controls and Displays . 

The LMS ma in power panel contr ol s a nd disp lays (fig,.1re 1- 52) are listed, with the ir function, in table 1-23. 
The control s are used to apply or remove powe r or to im-rease· or dec r easP powPr to the LMS s ubsyste ms. 

1. 8. 1. 2 P ower Distribution . 

ThP LMS powe r is divided into two indPpc ndc nt dis tribution s ystems: s i mulator powe r and utilit y power. 

1. 8. 1. 2. l Simulator Powe r . 

Simulat o r powe r , supplied via the main circuit breaker, can be turned on or off with the breaker. The 
secondary side of the breake r s uppli es the main power buses. From the main power buse s, powe r is distrib­
uted to six ~rnups of bus bars: each gr oup supplies powl'r to a subsystem within the LMS. The se subsyste ms 
provide a logical distribution of simulator powe r. A ci r cuit breaker between lhe main buses a nd each sub­
system bus provide s system protection ; a contac tor e nables individua l subsyste m turn-on via the seque nc in i,; 
contrn l circuits. 

1. 8. 1. 2. 2 utility P ower. 

The utility powe r s ystem is independe nt of the main c ircuit breake r used to supply simulator power. The 
utili ty buses have a sepa rate ci r cuit breaker, makin!,'; the m tota ll y independe nt of the r est of the s ys tem . P owe r 
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Table 1-23. Main Power Panel, Controls and Displays 

Control or Display 

STARTING MODE switch 

SEQUENTIAL MODE ON/OFF 
switch lights 

AC voltmeter 

METER SELECTOR switch 

CORRECTLY PHASED WHEN 
BRIGHT indicator 

400 CYCLE POWER frequency 
meter 

400 CYCLE POWER AC 
voltmeter 

400 CYCLE POWER AC 
ammeter 

SYSTEM STATUS indicators 

RUNNING TIME meters 

Function 

In SEQUENTIAL position, _permits automatic system 
turn-on; in MANUAL position, permits manual system 
turn-on 

Used when STARTING MODE switch is set to 
SEQUENTIAL. When ON switch light is pressed, 
automatic sequential power turn-on of LMS subsystems 
occurs. 

Indicates voltage between any two phases of input 
lines (phase A to B, phase A to C, phase B to C) 
or from any one phase to ground 

Selects voltage to be displayed on AC voltmeter 

Lights brightly when main power is· correctly phased 

Indicates operating frequency of 400-cycle generator 

Indicates voltage being supplied by 40d-cycle 
generating system 

Indicates line current supplied by 400_.,,. cycle 
generator 

Indicates status (ON, OFF, or MAINT IN PROGRESS) 
of six LMS subsystems • 

Indicate total time power has been applied to six LMS 
subsystems 

from the utility buses is used for convenience outlets located in all LMS cabinets; for the +26-volt d-c utility 
power supply, which sequences power turn-on; to illuminate the status lights and EMERGENCY OFF lights, 
and to energize relays. 1 

1. 8. 1. 3 Power Sequencing. 

The LMS has a sequential power turn-on system that reduces line surge at initial turn-on and allows the 
individual main subsystems to be turned on or off as desired. This sequencing may be accomplished in either 
of two modes of operation: manual or sequential. 

1. 8.1, 3. 1 Manual Mode. 

When the STARTING MODE switch is set to MANUAL, the SEQUENTIAL MODE ON/ OFF switch lights have 
no effect on the power system. In the manual mode of operation, each subsystem is turned on or off individually 
and is independent of the other subsystems. The manual mode of operation is mainly used for maintenance or 
overhaul procedures. 

1. 8, 1. 3. 2 Sequential Mode. 

With the STARTING MODE switch set to SEQUENTIAL, power turn-on is accomplished by pressing the 
SEQUENTIAL MODE ON switch light. The life support subsystem buses are energized immediately. Then, at 
10-second intervals, subsystems buses are energized in the following order: 400-cycle motor-generator, 
computer complex, digital conversion equipment, peripheral power equipment , and external visual display 

aequipment. As each subsystem is energized, the appropriate status light on the instructor console main power 
~anel goes on. The 400-cycle load contactor (generator) is energized automatically when the last subsystem 

bus is energized. Power turn-off is accomplished by pressing the SEQUENTIAL MODE OFF switch light, there­
by disconnecting all simulator power circuits. 
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1. 8.1. 4 EMERGENCY OFF and MAINTENANCE IN PROGRESS Switches. 

EMERGENCY OFF switches are on the instructdr console and on all peripheral equipment cabinets. Press­
ing an EMERGENCY OFF switch breaks a latching circuit to disconnect simulator power. The main power panel 
has MAINTENANCE IN PROGRESS switch lights for each LMS subsystem. Pressing a MAINTENANCE IN 
PROGRESS switch disables the related subsystem to permit maintenance personnel to perform repair proce­
dures. Simultaneously, the appropriate MAINTENANCE IN PROGRESS light goes on to indicate which system is 
being repaired. The MAINTENANCE IN PROGRESS switch lights can be operated during the sequential or 
manual modes of operation. 

1. 8, l, 5 Subsystem Power. 

1. 8. 1. 5. 1 Life Support Subsystem. 

The life support subsystem buses distribute power to equipment associated with true trainee environment. 
Such equipment includes heaters, air compressors, and air-conditioners. In the event of loss of any phase of 
life support power, the compressor that maintains suit pressure is automatically switched to the utility power 
bus. 

1. 8. 1. 5. 2 400-Cycle Motor-Generator. 

The 60-cycle power is fed from the power buses in the power cabinet to a reduced voltage starter through 
a circuit breaker. From the starter it is fed to the motor of the motor-generator set, located remote from 
the peripheral equipment. The resultant 400-cycle power is routed back to the power cabinet where its voltage, 
current, and frequency are monitored. The 400-cycle power is then fed to a load contactor and distribution 
buses, and routed to the visual drive and instrument cabinets and to a 26-volt stepdown transformer. This 
transformer supplies power to the flight director attitude indicators (FOAi' s) and a 400-cycle reference signal 
to the EVDE. The voltage output of the motor-generator is remotely controlled from the main power panel. 
In the manual mode of operation, the load contactor is energized by a load switch located on the main power 
panel; in the sequential mode, the load contactor is energized automatically, providing the motor-generator is 
at operating speed and the peripheral equipment power is on. 

1. 8. 1. 5. 3 Computer Complex. 

The computer buses are energized through a circuit breaker and contactor. Power is routed to the com­
puter complex area to be distributed to the computer and its supporting equipment. 

1. 8. 1. 5. 4 Digital Conversion Equipment. 

The main circuit breaker and the contactor for the digital conversion equipm.ent are in the main power 
cabinet. Distribution buses in a power bay within the digital conversion equipment area route this power 
through secondary circuit breakers to each cabinet. 

1. 8.1. 5. 5 Peripheral Equipment. 

The peripheral equipment power buses are protected by a circuit breaker; they are energized by a con­
tactor. Power from these buses is distributed to the peripheral power supplies and converters. 

1. 8. 1. 5, 6 External Visual Display Equipment. 

Power is supplied to the EVDE through a circuit breaker and contactor located in the main power cabinet. 
The instructor has an emergency switch that enables him to shut down power to the subsystem. 

1. 8. 1. 6 LMS Power Components. · 

1. 8. 1. 6. 1 D-C Power. 

The d-c power supplies for the communication equipments obtain primary a-c power from the peripheral 
equipment power buses. A 20-ampere circui.t breaker protects the circuit that feeds the power supplies, as 
well as the power supplies. This slow-blow circuit breaker withstands high transient currents without pre­
mature opening, thus preventing nuisance tripping during turn-on. The a-c feed wires to the peripheral power 
supplies are twisted pairs to reduce electromagnetic effects and a-c coupling in the system. 

The +26-volt d-c supply is a 0- to 40-volt supply, capable of delivering 10 amperes. This supply provides 
floating power for the carbon microphones used in the Communications Subsystem. The +13-volt d-c supplies 
are 0- to 20-volt supplies capable of delivering 15 amperes. They provide power to the peripheral equipment 
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cards. The +24-volt d-c supplies, capable of delivering 10 amperes, are also used to provide power to periph­
eral equipment cards. Power from the various d-c power supplies is routed to their respective 1/2:..inch silver .. 
plated bus bars via No. 4 AWG wire. The large wire ensures good regulation at the buses. From the bus bars, 
power is routed to card bins, as needed. 

1, 8.1. 6. 2 Transistorized Power Supplies. (See figure 1-53.) 

The transistorized power supplies provide adjustable-voltage, high- current sources for LMS functions 
requiring d-c power. The power supplies are basically identical; they are self-contained modular units, which 
are rack mounted within the peripheral equipment cabinets . The typical low-voltage supply transforms and 
rectifies the a-c input into a well-regulated, stable, and adjustable d-c output. The circuitry of the unit may be 
bro~en down as follows: ' 

• Primary input 

• Reference supply 

• Preregulator 

• Series regulator 

• Comparator and error amplifier 

• Overvoltage protection. 

Input power is obtained through transformers, enabling the supply to operate with 1.20- or 208-volt a-c . 
power sources , depending on jumper connections. The input circuit provides stepped-down ac for rectification. 

The r eference supply provides a stable, fixed voltage for the comparator, the error-sensing amplifier, 
and the constant -current generator. The output voltage of the reference supply is used to drive one side of the 
comparator. The other side of the comparator uses a Zener diode as a voltage reference. If there is a differ ­
ence between the two sources, the difference amplifier will sense and amplify the difference , and adjust the 
voltage output accordingly. 

A-C 
I NP 
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The preregulator maintains the unregulated input voltage on the input filter capacitors at a suitable value 
compared to the output voltage, to lower the power dissipation across the series pass section. To accompllsh 
thls, slllcon cont rolled rectifiers are fired at controlled points along the input sine wave to increase or decrease 
the potential to which the input capacitors may charge. 

The preregulated d-c voltage from the silicon controlled rectifiers is directed through series pass tran­
sistors. The transistors are controlled by circuitry that causes then to act as variable resistors. Their 
overall resistance varies with the need of the power supply to increase or decrease its output voltage and 
current. A large current-handling throw-off re.sistor in parallel with the series pass transistors dissipates 
power within the series pass circuit under no-load conditioRs. 

Voltage sensing and comparison are accomplished by the differential amplifier that compares a sample of 
the output voltage to the stable reference voltage. An unbalance, Cl:l.used by a change in voltage at either sens­
ing terminal, appears as a voltage change at the collector of the comparator amplifier transistors, where the 
amplified error voltage is used to adjust the series pass to correct the unbalance . 

If the input voltage to the comparator amplifier becomes too high, the output voltage reference silicon 
controlied rectifier (SCR) is fired, placing an effective short circuit across the output terminals. This con­
dition occurs if there is a failure in the series pass and the output voltage rises , or if there is a line transient 
or voltage feedback in the output line. Also, if there is a malfunction in the reference supply, the SCR gate 
control causes the overvoltage system to operate. 

1. 8. 2 AIR-CONDITIONING. 

A self-contained air-conditioning unit in the LMS heats and cools the LMS cabin, and the two pressure 
suits. An external source of compressed air and electric power are the only utilities required to operate this 
motor-driven, ai r-cooled, automatic air-conditioning unit. 

1. 8. 3 CABLING. 

Primary power is brought through nine 350 MCM cables (three per phase) into unit No. 36 (table 1-1), 
where it i s fed to the top of circuit breaker CB2. From this point , the utility pqwer is fed to fuses and circuit 
breaker CBl ; then , to the utility buses in unit No. 37. Power is then distributed to convenience outlets and to 
the utility power supply. In addition, the primary power is fed through CB2 to three tubular bus bars: TBl , 
TB2, and TB3. The 400 CPS circuit breaker is located adjacent to these buses to allow a short run to the input 
side of the circuit breaker , through the breaker , and then out the bottom of the cabinet to the starter of the 
motor-generator set. Bus TB4 is the central ground. A circuit breaker and a contactor for four primary 
systems are located in unit No. 36. 

Routing of the cables i s described for one system only ; routing is identical for the remaining three. A 
cable fed fro m each bus (TBl , TB2, and TB3 in unit No. 36) is routed across the bay to the top of circuit 
breaker CBl. These cables are then routed from the bottom of CBl to contactor Kl. From Kl , the cables , 
along with a neut r a l cable , a re r outed along the side of the cabinet down through the bottom of the bay and over 
the bottom of unit No. 37 . The cables are then attached to peripheral buses TBl , TB2 , TB3 , and TB4. From 
there, cable s a re r outed to periphera l equipment. 

1. 9 INSTRUCTOR CONSOLE - CONTROLS AND DISP LAYS. (See fi gure 1-4 .) 

The gener al layout of the contro ls and displays max imi zes ins t ructor capability to contr ol and monito r . 

The r epeate r contr ols and displays are in the centt'r conso le, d irectly in fro nt of the instructo r s . The 
guidance comp uter keyboard display is in the same re la tive pos it ion as in the LM. The ti me disp lays a r e in 
the upper corners of the center console, within eac h instruc tor 's line of s ight. The co r ner s egments of the con­
sole house the malfunction contr ols and displays. A ma lfunction insertion unit (MIU) is provided ; separate 
circ uit breaker fai lur e pane ls are loca ted to s imulate tlw loca tion of the ac tua l c ircuit breaker panels in th~ LM. 
Controls that are used infrequently ar e on the left and right outboard co nsoles . The position indicator-recorder 
unit and the EVDE moni tors a r e mounted on top of the cente r conso le : they ar e tilted fo r ward to provide a 
viewing area perpend icular to the ins truc tor 's line of s ight. 

An instrument malfunc tion ind ica tor light adjacent to eac h repea te r ins trument goes on when the r elated 
instrument fails. A TRUE R'.EAD ING swit ch in eac h functio nal gr oup of inst rumf' nts enables the instructo r to 
r ead the true value of a failed parameter. The r epea ter indicator s and dis plays ar e ident ica l with those in the 
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simulated LM. To the extent practicable, repeater instrument panels duplicate instrument panels in the LM 
and are in the same relative position. Simulator controls and displays are divided into four categories as 
follows: 

• Master controls 

• Data acquisition system controls 

• True trainee environment controls 

• Visual controls and displays. 

Master controls are on the PROBLEM CONTROL panel, in front of the mission coordinator. Simulator 
subsystem power and computer status are indicated on the SIMULATOR STATUS panel. Data acquisition sys­
tem controls for the instructor console are on the RECORDERS panel on the right side of the center console. 
This panel contains the control switches for the two X-T recorders, one event recorder, two X-Y plotters, and 
the audio tape recorder. Flight crew environment controls and displays are on the TRUE TRAINEE ENVIRON­
MENT panel. This panel contains the switches, regulators, and indicators that control astronaut suit pressure 
and temperature and cabin pressure. The visual display controls on the EYDE VIDEO SELECT panels permit 
selection of the astronaut's EYDE-generated visual displays, for viewing on the left and right console TV 
monitors. 

TIME DISPLAY units are at the top of the center console. Individual digital readouts are provided for 
GMT, problem time, elapsed time from separation, problem time from separation, and time from lunar touch­
down. Individual event timers are also provided at each instructor position. The COMMANDER CIRCUIT 
BREAKER STATUS AND CONTROL panel and the SYSTEM ENGINEER CIRCUIT BREAKER STATUS CONTROL 
panel are on the left and right sides of the center console, respec tively. A split-screen indicator with an 
alternate-action switch, on the instructor console, corresponds to each circuit breaker in the simulated LM 
cabin. The MALFUNCTION INSERTION UNIT and MALFUNCTION DISPLAY UNIT are on the lower part of the 
center console. These units enable the instructor to manually call up as many as 2,000 prestored malfunctions 
and to monitor as many as 15 computer- or instructor-generated malfunctions. A MALFUNCTION DISPLAY 
UNIT r epeater is also provided at the telemetry console to keep the Telemetry Instructor informed as to mal­
function status. 

..... .,/ 

A m J W .1 he spacecraft position indicator provides a means of determining the position of the simulated LM relative 
to celestial bodies, the Command and Service module (CSM) while separated from it, and the landing site during 
a simulated LM mission, as well as determining certain mission-oriented information. Annunciators that 
indicate the mission phase are included to define the mission mode. During the LMS independent mode of opera­
tion, the spacecraft position indicator aids the instructor in selecting a ground station for communication with 
the LM, and in determining when communication with the CSM is possible. 

The hand controller, used in conjunction with a TV monitor, permits the instructor to change the attitude 
of the CSM. The instructor has the same TV monitor view that is provided in the flight crew's docking window. 
A left yaw movement of the CSM appears as a rightward movement across the screen when the simulated LM 
and CSM models face each other during docking maneuvers and the EVDE VIDEO SELECT switch is set to OV~D. 

1. 9.1 CONSOLE LIGHTING PANELS. (See figur e 1-54.) 

Three CONSOLE LIGHTING panels (left, right, and center) control the intensity of the console floodlights 
and indicator lights. The left and right panels control floodlight and indicator light intensity; the center panel, 
only floodlight intensity . The controls of the CONSOLE LIGHTING panels are listed, with their function, in 
table 1-24. 

l. 9. 2 CONSOLE COMMUNICATION SYSTEM (CCS KEYSET) PANELS. (See figure 1-55.) 

The console communication system provides voice communication for the simulator complex, as follows: 
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• Conference capability among operational positions of the simulator complex 

• Communication between flight crew station and instructors 

• Communication between the simulator complex, Mission Control Center (MCC), and other 
locations via interface with existing communications systems 

• Communication between the LMS and the AMS 

• Communications between instructors and support personnel 
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Figure 1-54 . CONSOLE LIGHTING Pa nels 
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The console communication system consists of four keyset panels. Three are located at the instructor 
console; one, at the telemetry console . Keys with amber corners are only for monitoring the selected loop; 
any number of monitoring keys may be operated at one time. Pressing a key provides access to the associated 
loop and causes the key light to go on. The white keys are the talk/listen keys. Pressing a talk/ listen key 
provides access to the associated loop and causes all other talk/ listen keys in that loop to flash, and the station 
buzzers to sound. Pressing a second talk/ listen key in the same loop changes the flashing signal to a steady 
light dn all keys associated with the loop arid silences the buzzers. Each talk/ listen key is electrically inter­
locked with all other talk/ listen keys so that only one key can be operated at one time. Pressing a second talk/ 
listen key or the common RELEASE key causes the first talk/listen key to be released. Pressing a monitor key 
permits monitoring of the associated loop and causes the key light to go on. The monitor keys are not inter­
locked with other keys; any combination of monitor keys may be operated at one time. Pressing the RELEASE 
key disengages the established talk connection. Pressing the M.A. (multi access) key causes the talk interlock 
circuitry to be routed through a three -stage counter to permit actuation of as many as three talk/ listen keys at 
one time; pressing a fourth talk/ listen key or the common RELEASE key causes the three previously actuated 
talk/ listen keys to be released and returns the interlock circuitry to normal. The RING key provides outgoing 
signaling within LMS complex and on intersite conference loops after the talk/ listen key on the desired loop is 
pressed. The BUZZER CUT-OFF key is used to stop buzzer operation. The local conference keys (CONF-1, 
CONF-2, and CONF-3) are ye llow and will have a steady light when pressed. These keys are not interlocked so 
that any combination of local conference keys may be operated at one time. All keys light when they are pressed. 

The controls on the console communication system panels are listed, with their function in table 1-25 and 
1-26. 

1.9 . 3 COMMUNlCATIONS CONTROL PANELS. (See figure 1-56.) 

Three communications control panels provide conferencing and monitoring capability for personnel at the 
instructor and telemetry consoles. The controls of the communications control panels are listed, with their 
function, in table 1-27. 

Table 1-24. CONSOLE LIGHTING Panels, Controls 

Control Function 

INDICATOR INTENSITY control Commander Instructor's control varies d-c voltage 
on all indicator lights on left side of instructor con-
sole. Systems Engineer Instructor's control affects 
right side of console. 

FLOOD INTENSITY control Commander Instructor's control varies intensity 
of fluorescent lamps located in left hood of console. 
Systems Engineer Instructor's control affects lamps 
located in right hood of console. 

Flood intensity control (center panel) Control mounted on center panel varies intensity of 
center panel hood lamps. 

Table 1-25. Console Communications System (CCS Keyset) Commander's 
Instructor and Systems Engineer's Instructor Panels , Controls 

Control Function 

LMS VHF-2 talk/ listen and Provide conference capability via simulated LM 
monitor keys VHF-B communications loop, and monitoring 

of loop 

LMS VHF-1 talk/listen and Provide conference capability via simulated LM 
monitor keys VHF-A communications loop , and monitoring of 

loop 
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Table 1-25. Console Communications Syste m (CCS Kcyset) Commander's 
Instructor and Systems Engineer's Instructor Panels, Controls (cont) 

Control 

LMS INT-C talk/ listen and 
monitor keys 

LMS USB talk/ listen and 
monitor keys 

LMS ASTR0-1 talk/ listen and 
monitor keys 

LMS ASTR0-2 talk/ listen and 
monitor keys 

CONF-1 talk/ listen key 

CONF-2 talk/ listen key 

CONF -3 talk/ listen key 

ST talk/ listen key 

SC talk/ listen and monitor keys 

LIL talk/ listen and monitor keys 

ML talk/ listen and monitor keys 

CL talk/ listen and monitor keys 

Function 

Provide conference capability via simulated LM 
intercommunications loop between LMS pe rsonnel, 
and monitoring of loop 

Provide conference cability via simulated LM 
unified S-band communications loop, and monitor­
ing of loop 

Provide conference capability between Commander, 
LMS Mission Coordinator, and LMS instructors, 
and monitoring of conference loop 

Provide conference capability between Systems 
Engineer, LMS Mission Coordinator, and LMS 
instructors, and monitoring of conference loop 

Provides conference capability via transfer loop 1 
between LMS instructors, LMS Mission Coordi­
nator, and AMS instructors 

Provides conference capability via transfer loop 2 
between LMS instructors, LMS Mission Coordi­
nator, and AMS instructors 

Provides conference capability via transfer loop 3 
between LMS instructors, LMS Mission Coordi­
nator, and AMS instructors 

Provides conference capability via simulator 
telemetry communications loop be tween te le metry 
instructor and simulator control area (SCA) 
personnel 

Provide conference capability via simulator coordi­
nator communications loop between LMS instructors 
and SCA personnel, and monitoring of loop 

Provide conference capability via LM instructors 
communications loop between LMS instructors, 
and monitoring of loop 

Provide confer ence capability (for purpose of 
maintaining LMS) via maintenan ce loop between 
LMS instructor s, LMS Mission Coordinator, and 
computer complex personnel, and monitoring of loop 

Provide conference capability via compute r loop 
between LMS instructors, LMS Mission Coordinator, 
and compute r complex personnel, and monitoring of loop 

M.A. key 

BUZZER CUT-OFF key 

RING key 

RELEASE key 

Provides for simultaneous access to two or 
three selected talk/ listen loops 

Stops buzzer operation 

Establishes buzzer signal on LMS complex and 
selected inters ite loops afte r appropriate talk/ 
listen key is pressed 

Releases established talk/ listen key 

1-131 



'.! 

LMA790-2-LMS 

j 

.___) 

'« GROS;« i.MS '« LMS LMS '« LMS LMS "<: LMS 
FD CONF. ASTRO· I ASTRO-1 VHF·2 VHF· 2 VHF· I V HF· I 

'« ~ LMS "< LMS LMS ~ LMS LMS '« LMS 

0 TM2 T M I ASTRC>-2 ASTRO·2 0 0 
INT-C INT·C use use 

0 
ST 
~ 

ST SC ~ SC 
LMS '<( LMS CONF-2 CONF ·I 
ASTRO· I ASTRO · I 

'< 
CI L "<: CL CL CIL 

LMS ~ LMS 
CONF· 3 ST 

ASTRO-2 ASTRO-2 

~ "« ML ML CL CL SC 
'« 

SC 
'« 

LIL L I L 

0 
CONF 3 CONF 2 CONF I 

0 0 "< "<: 
ML ML CL CL 

0 

RELE ASE RI NG 
BUZZE R 
CU T ·OFF M. A . RELEASE RING 

BUZZER 
M.~ CUT·OFF 

0 0 0 
LMS-1-56 

Figure 1- 55 . Console Communication Syste m (C CS Keys et) P anels 
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Table 1-26. Console Communications System (CCS Keyset) Mission 
Coordinator's Panel, Controls 

Control 

FD monitor key 

GOSS CONF key 

LMS ASTRO-1 talk/ listen and 
monitor key 

LMS ASTRO-2 talk/ listen and 
monitor keys 

TM 1 monitor key 

TM 2 monitor key 

ST talk/ listen and monitor keys 

SC talk/ listen and monitor keys 

ML talk/ listen and monitor keys 

CL talk/ listen and monitor keys 

CIL talk/ listen and monitor keys 

CONF-1 talk/ listen key 

CONF-2 talk/ listen key 

Function 

Provides LMS Mission Coordinator with monitor 
capability of flight director's loop during simu­
lated mission 

Provides conference capability with Goddard Space 
Flight Center, Greenbelt, Maryland, hereby tying 
LMS communications into the Manned Space Flight 
Network (MSFN) 

Provide conference capability between Commander, 
LMS instructors, and LMS Mission Coordinator, 
and monitoring of conference loop 

Provide conference capability between Systems 
Engineer, LMS instructors, and LMS Mission 
Coordinator, and monitoring of conference loop 

Enables LMS Mission Coordinator to monitor 
communications between LMS Telemetry Instructor 
and MCC telemetry personnel (communications 
loop 1) 

Enables LMS Mission Coordinator to monitor 
communications between LMS Telemetry Instructor 
and MCC telemetry personne l (communications 
loop 2) 

Provides conference capability via simulator 
telemetry communications loop between Te lemetry 
Instructor and simulator control area (SCA) 
personnel, and monitoring of loop 

Provide conference capability via simulator coordi­
nator com munications loop between LMS instructors 
and SCA personnel, and monitoring of loop 

Provide conference capability (for purpose of 
maintaining LMS) via maintenance loop between 
LMS instructors, LMS Mission Coordinator, and 
computer complex personnel, and monitoring of loop 

Provide conference capability via computer loop 
between LMS instructor console personnel and 
computer complex personnel, and monitoring of loop 

Provide conference capability via computer and 
instructor's loop between LMS instructor console 
personnel and computer complex personnel, and 
monitoring of loop 

Provides conference capability via transfer loop 1 
between LMS instructors, LMS Mission Coordinator, 
and AMS instructors 

Provides conference capability via transfer loop 2 
between LMS instructors, LMS Mission Coordinator, 
and AMS instructors 
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Table 1-26. Console Communications System (CCS Keyset) Mission 
Coordinator's Panel, Controls (cont) 

Control Function 

CONF-3 talk/listen key Provides conference capability via transfer loop 3 
between LMS instructors, LMS Mission Coordinator, 
and AMS instructors 

M.A. key Provides for simultaneous access to two or three 
selected talk/ listen loops 

BUZZER CUT-OFF key Stops buzzer operation 

RING key Establishes buzzer signal on LMS complex and 
selected intersite loops after appropriate talk/ 
listen key is pressed 

RELEASE key Releases established talk/ listen key 

Table 1-27, Communications Control Panels, Controls 

Control 

TALK/ 1.JSTEN jack 

LISTEN ONLY jack 

VOLUME control 

AUDIO SELECT switch 
(right side panel) 

MONITOR selector switch 
(right side panel) 

AUDIO SELECT switch 
(left side panels) 

Backup VOLUME control 
(left side panels) 

Function 

Accepts plug-in headset/ microphone combination 

Acepts plug-in monitor headset 

Adjusts volume of sound in headset 

Selects CCS or monito'r loop 

Selects as tronaut No. 1 loop, astronaut No. 2 loop, 
or both astronaut-monitoring loops 

Selects CCS or backup loop 

Adjusts volume in backup loop 

1.9.4 EMERGENCY PANEL. (See figure 1-57.) 

The EMERGENCY panel enables removal of primary power from the EYDE and LMS complex . The controls 
of the EMERGENCY panel are listed, with their function, in table 1-28 . 

Table 1-28. EMERGENCY Panel, Controls 

Control Function 

EMER STOP switch Pressing switch removes primary powe r , except 115-
volt, 60-cps utility power, from trainer. 

EYDE STOP switch Pressing switch removes primary power from EYDE. 
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Figure 1-56. Communications Control Panels 

1.9.5 AURAL CUE PANEL. (See figure 1-57.) 

The AURAL CUE panel controls the audio level in the simulated LM cabin, from zero to full volume . 
The control of the AURAL CUE panel is listed, with its function, in table 1-29. 

Table 1-29. AURAL CUE Panel, Control 

Control Function 

LMS-1-55 

VOLUME control Control varies le ve l of aural cue signals to cabin loud-
speakers, from zero to full volume. 
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Figure 1-57. EMERGENCY and AURAL CUE Panels 

1. 9. 6 SIMULATOR STATUS PANEL. (See figur e 1-58.) 

The SIMULATOR STATUS pane l displays major subsystem power status, EYDE power and probe limits, 
and compute r status. The displays of the SIMULATOR STATUS panel are listed, with their function, in table 
1- 30. 
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Figure 1-58. SIMULATOR STATUS Panel 

Table 1-30. SIMULATOR STATUS Panel, Displays 

Display 

MAINT indicator 

POWER indicators 

UTILITY OUTLETS 

LIFE SUPPORT 

400 ~ MG 

COMPUTER 

DCE 

PERIPH 

EYDE 

400 ~ LOAD 

Function 

When illuminated, indicates primary power is off and 
maintenance is in progress 

When illuminated , indicate primary (60- cps) power 
available to major subsystems of LMS 
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Table 1-30. SIMULATOR STATUS Panel, Displays (cont) 

Display Function 

EVDE indicators 

SUBSYSTEM POWER OFF When illuminated, indicates that power is not available 
to one or more of seven EVDE subsystems (left window, 
right window, overhead window, telescope , landing/ 
ascent image, and rendezvous/ docking image) 

PROBE LIMIT Illuminated when R/ D or L/ A optical probes actuate. any 
of their limit switches 

COMPUTER indicators 

LOADING Whe n illuminated, indicates that computer peripheral 
equipment (magnetic tape units, card reader, etc) is 
being used to load computers; goes out when loading is 
complete 

READY Illuminated when computer is not being loaded (LOADING 
indicator light is off) and DCE is connected to computer 

FAULT When illuminated, indicates that off-line diagnostics 
have uncovered fault; goes out when fault is corrected 

1. 9. 7 INTERFACE CONTROL PANEL. (See figure 1-59.) 

T he INTERFACE CONTROL panel provides the capability of interface opt:ration for various combinations 
of the AMS and MCC with the LMS. The control of the INTERFACE CONTROL panel is listed, with its function, 
in table 1-31. 

Table 1-31. INTERFACE CONTROL Panel, Control 

Control Function 

MODE SELECTOR switch Switch permits instructor to select mode of operation 
for problem. LMS ONLY position is for LMS independent 
operation. Other positions permit operation for various 
combinations of AMS and MCC with LMS 

l. 9. 8 PROBLEM CONTROL PANEL. (See figur e 1-59.) 

The PROBLEM CONTROL pane l is used to establish ope r ational phases in the running of a mission program 
and to select and display initial conditions . The controls and displays of the PROBLEM CONTROL panel are 
listed, with their fw1ction, in table 1-32. 

Table 1-32. PROBLEM CONTROL Pane l , Controls and Displays 

Control or Display Function 

READY/ RUN light Pressing pushbutton causes computer to go into run 
switch mode. READY light goes on when switch is actuated. 

RUN light goes on when next minute pulse is r eceived. 
Problem begins at value of existing condition. For ex-
a mple, after pressing FREEZE pushbutton, instructor 
can use READY/ RUN switch to "thaw" problem. 
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Table 1- 32 . PROBLEM CONTRO L Panel, Controls and Displays (cont) 

Control or Display 

FREEZE light switch 

FAST TIME light switch 
(step ahead) 

CMPTR STORE light switch 

L/ A IMAGE LE FT / RIGHT 
light switch 

INITIAL CONDITIONS light 
switch 

RESET light switch 

1. 9. 9 LIGHTING PANELS. (See figure 1-60.) 

Function 

Problem then continues from conditions that exist at 
time of fr eeze. However, if instructor wishes to resume 
value of INITIAL COND thumbwheel setting, he can do 
so by pressing RESET switch before READY/ RUN switch. 

Causes compute r to enter freeze mode . In freeze mode, 
integration and time-varying functions are held constant. 

Causes computer to go into speed 32 times real time. 
Switch permits instructor to hasten routine parts of 
mission. 

Causes computer to store initial-condition type of data 
that exist when switch is actuated. Initial conditions are 
stored in computer core. 

Permits switching landing and ascent image from left 
window to right window. (MEP is switched at same 
time, providing image for opposite window.) 

Establishes one of several available initial conditions to 
be loaded from magnetic tape into main frame computer, 
when set to appropriate number. Selected initial condi­
tion is constantly displayed . Simulator "resets" to 
initial condition selected . 

Enters initial condition requirement into computer . When 
actuated, RESET light and FREEZE light go on simulta­
neously. After initial conditions are transferred from 
rilagnetic tape to computer, RESET light goes out. 
READY/ RUN switch can then be pressed . Controls in 
LMS cabin must be set to appropriate initial-condition 
settings . Instructor r esets recorder modes, initial 
conditions, malfunctions , etc , as appropriate . Expend­
able items such as tape cartridges are replenished, as 
necessary. 

Two LIGHTING panels (one for the Commander; the other , for the Systems Engineer) contain r epeate r 
lights of LMS cabin lighting control panel switch positions. The displays of the LIGHTING panels are listed, 
with their function, in table 1-33. 

Table 1-33. Commander's and Systems Engineer's LIGHTING 
Panels, Displays 

Display Function 

OVERRIDE control repeater 
lights (CDR) 

ANUN Indicates brightness of annunciators in caution and 
warning array, of component caution lights, and 

NUM of electroluminescent (EL) numeric r eadouts 

INTEG Indicates brightness of low-level EL integrally 
illuminated markings and display 

SIDE PANELS switch r epeater Indicates contr ol of lighting of Commander 's side 
light (CDR) panel, independently of lighting of forward panel 
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Table 1-33. Commander's and Systems Engineer's LIGHTING 
Panels , Displays (cont) 

Display Function 

EXTERIOR LTG tracking 
repeater lights (SE) 

DOCK Indicates docking lights are energized 

DIM Indicates tracking light is energized to 1% of full 
brightness 

BRT Indicates tracking light is energized to full (100%) 
brightness 

LAMP/ TONE TEST switch 
r epeate r lights (SE) 

ALM TONE Indicates test of lamps in MASTER ALARM switch-
light on Commander's and Systems Engineer's panels, 
and audible warning tone 

C/ W 1 Indicates test of lamps in first bank of caution and 
warning annunciators 

E PB C/ W 2 Indicates test of lamps in engine START and STOP 
button and in second bank of caution and warning 
annunciators 

C/ W 3 Indicates test of lamps in third bank of caution and 
warning annunciators 

C/ W 4 Indicates test of lamps in fourth bank of caution and 
warning annunciators 

COMP Indicates test of lamps in component caution indicators 

SIDE PANE LS switch Indicates control of lighting on Syste ms Engineer's 
r epeater light (SE) side panel 

FLOOD switch repeater light 

ON Indicates regulation of Syste ms Engineer's side 
panel floodlights with FLOOD control, INTEGRAL 
control, and INTEGRAL OVERRIDE switch 

PARTIAL Indicates partial r egulation of side pane l floodlights 
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Figure 1-59. INTERFACE CONTROL and PROBLEM CONTROL Panels 

1. 9.10 AOT MARK ERROR PANEL. (See figure 1-61.) 

The AOT MARK ERROR panel displays the astronauts' sighting e rror of two stars. The controls and dis­
plays of the AOT MARK ERROR panel are listed, with the ir fun ction, in table 1-34. 

Table 1-34. AOT MARK ERROR Pane l, Controls and Displays 

Control or Display Function 

MRAD ST AR 1 and Indi calt e rror difference between sighted value obtained by 
MRAD ST AR 2 displays astronauts and true value obtained from LMS computer for 

two stars . Displays indicate from O t~ 99 milliradian. 

RESET pushbutton Clears digit error displays 

REJECT control repeater light Goes on whe n astronaut presses REJECT pushbutton in 
LMS cabin 
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1. 9. 11 AUDIO PANELS. (See figure 1-61.) 

The AUDIO panels contains repeater lights of the switch positions in the LMS cabin, at the Commander and 
Systems Engineer AUDIO panels. The displays of the AUDIO panels are listed, with their function, in table 
1-35. 

/ / 

AOT MARK ERROR AUDIO 
MRAO S-BANO ICS vox 

RESET STtRffi ~ Bili I RELAY I ICS/)(MTR AUDIO 

@ I REJECT I CONT 

MRAO 

~ STARrn 
ICS 

2 5 .6 VHF A VHF 8 PTT 

~ ~ IATT CONTR 
PTT 

I UMBL 

LMS-1 -8 

Figure 1-61. AOT MARK ERROR and AUDIO Panels 
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Table 1-35. AUDIO Panels, Displays 

Display 

S-BAND switch repeater lights 

T/ R 

RCV 

VHF A switch repeater lights 

T/ R 

RCV 

ICS switch repeater lights 

T/ R 

RCV 

RELAY switch repeater light 

AUDIO CONT switch repeater 
light 

NORM 

BU 

VOX switch r epeate r lights 

ICS/ XMTR 

ICS 

PTT 

Function 

Indicates routing of received S-band audio to head­
set amplifier and routing of mike amplifier outputs 
to PMP for transmission via S-band equipment 

Indicates routing of received S-band audio to 
headset amplifier 

Indicates routing of received VHF A audio to head­
set amplifier and routing of mike amplifier outputs 
to PMP for transmission via VHF equipment. VOX 
keying voltage is routed to VHF A transmitter 

Indicates routing of received VHF A audio to head­
set amplifier 

Indicates routing of mike amplifier outputs to ICS 
bus and, then, to headset 

Indicates routing of audio signals on ICS bus to 
headsets 

Indicates voice conference capability between earth, 
LM, and EV A is established; indicates received EV A 
biomed data is relayed to earth. Also indicates, in 
event of failure of CSM-to-earth S-band link, the 
VHF received from CSM is relayed to earth via 
LM S-band transmitter 

Indicates selection of normally operating audio 
center 

Indicates selection of alternate audio center 

Indicates VOX control circuit in audio cente r is 
enabled to key intercom and selected transmitter(s) 

Indicates VOX control circuitry in audio center is 
enabled to key intercom only; selected transmitter(s) 
is keyed only by PTT switches 

Indicates VOX control circuitry is disabled and inter­
com and selected transmitter(s) are keyed only by 
PTT switches 
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Table 1-35. AUDIO Panels, Displays (cont) 

Display 

VHF B switch repeater lights 

T/R 

RCV 

PTT switch repeater lights 

UMBL 

ATT CONTR 

1. 9.12 DSKY PANEL. (See figure 1-62.) 

Function 

Indicates routing of received VHF B audio to head­
set amplifier and routing of mike amplifier outputs 
to PMP for transmission via VHF equipment. Indi­
cates VOX keying voltage is routed to VHF B trans­
mitter 

Indicates received VHF B voice routed to headset 
amplifier 

Indicate keying of intercom and/ or selected trans­
mitter(s), depending on setting of VOX switch 

Indicates activation of momentary pushbutton on 
each astronaut's communication umbilical. 

Indicates actuation of push-to-talk pushbuttons on 
each astronaut's attitude controller 

The DSKY panel is identical with the Commander's DSKY panel. The instructor may set in, or r ead out , 
guidance data in a manner identical with that of the flight crew. The controls and displays of the DSKY panel 
are listed, with their function, in table 1-36. 

Table 1-36. DSKY Panel, Controls and Displays 

Control or Display 

IMU CAGE switch 

ON 

OFF 

UPLINK ACTY indicator 

TEMP indica tor 

GIMBAL LOCK indicator 

PROG indi cator 

REST ART indicator 

Function 

Used to avoid gimbal lock condition 

Enables IMU cage mode of operation 

Stops IMU cage mode of operation 

Not used for manned fli ghts 

When lit , indicates that stable member temp eratur e has 
exceeded its limit by ±4° F 

Operates when LGC is in standby mode 

When lit , indicates tha t middle gimbal ha s dri ven through 
angle greater than ±70 from its zero position (When middle 
gimbal angle exceeds ±85° from its zer o position, LGC 
automatically commands cours e align mode in ISS to prevent 
gimbal oscillation. Indicator lamp is the n energized.) 

When lit, indicates that program check has failed (Indicator 
is controlled by computer program. ) 

When lit, indicates: 

that word has been incorr ec tly transfe rred 
from memory - pa rity fail 
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Table 1-36. DSKY Panel, Controls and Displays (cont) ------..-----------
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Control or Display 

RESTART indicator 
(cont) 

OPR ERR indicator 

TRACKER indicator 

KEY REL indicator 

STBY indicator 

NO ATT indicator 

COMP ACTY indicator 

PROG display indicator 

VERB display indica tor 

NOUN displa y indicator 

Data display indicators 

VERB pushbutton 

NOUN pushbutton 

CLR pus hbutton 

ST BY pushbutton 

Function 

that computer is in endless control loop -
TC trap 

that computer has been interrupted for 30 
msec - RUPT lock 

that computer has not accomplished new job 
within 1. 28 seconds 

that alarm has been generated by program 
control 

When lit, indicates that keyboard and display program has 
encountered improper operating conditions 

When lit, indicates rendezvous radar CDU failure or that 
improper data is received from rendezvous radar 

When lit, indicates that internal program has attempted to 
use DSKY and found it busy (Indicator is modulated by flash 
signal LGC is asking to be released) 

When lit, indicates that computer is in standby condition 
(Indicator lamp is deenergized if LGC is in operate mode.) 

When lit, indicates that ISS is not suitable for use as attitude 
reference (Indicator lamp is energize when LGC is in operate 
mode and there is no inertial reference.) 

When lit, indicates that LGC is in program other than dummy 
job and that LGC is not in standby mode 

When lit, indicates program is being processed by LGC 

When lit, indicates verb code entered at keyboard or com­
manded by LGC 

Indicates noun code entered at keyboard or commanded by LGC 

Indicate numerical data entered at keyboard or commanded by 
LGC (Sign is associated with data displayed if they are deci­
mal form.) 

Conditions LGC to interpret next two num erical c haracters 
as verb code and extinguishes verb numerical display 

Conditions LGC to interpret next two numerical c haracters 
as noun code and extinguishes noun numerical display 

Clears data contained in data displays (Pressing pushbutton 
clears data display being used. Successive pressing of 
pushbutton clears other two displays. ) 

When pressed for first time, commands LGC to standby 
mode. (Pressing pushbutton again commands LGC to · 
resume regular operation. ) 
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Table 1-36. DSKY Panel, Controls and Displays (cont) 

Control or Display 

KEY REL pushbutton 

ENTR pushbutton 

RSET pushbutton 

0 through 10 pushbutton 

+ and - pushbutton 

Function 

Releases DSI<.'Y displays initiated by keyboard action, so 
that information supplied by LGC program may be displayed 

Informs LGC that assembled data are complete and that 
requested function is to be executed 

Turns off alarm conditions on DSKY if condition has been corrected 

Enter numerical data, noun codes, and verb codes into LGC 

Inform LGC that following numerical data are decimal, and 
indicate sign of data 
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Figure 1-62. DSKY Panel 
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1. 9. 13 WARNING PANEL. (See figure 1-63.) 

The WARNING panel conta ins repeater lights of the Commander's warning annunciator panel and MASTER 
ALARM light. The cllsplays of the WARNING panel arc listed, with their func tion, in table 1-37. 

l. 9. 14 CAUTION PANEL. (See figure 1-63.) 

The CAUTION panel contains repeater lights of the Systems Engineer's caution annunciator panel and 
MASTER ALARM light. The displays of the CAUTION panel are listed, with their function, in table 1-38. 

1. 9.15 EXPLOSIVE DEVICES PANEL. (See figure 1-64.) 

The EXPLOSIVE DEVICES panel contains repeater lights of the switch positions and flaf.'; indications on the 
Commander's EXPLOSIVE DEVICES panel. The displays of the EXPLOSIVE DEVICES panel are listed, with 
their functions, in table 1-39. 

1. 9.16 ENGINE THRUST CONTROL AND ENGINE THRUST PANELS. (See figure 1-64.) 

The ENGINE THRUST CONTROL and ENGINE THRUST panel contains repeater lights and a repeater indi­
cator of the Commander's thrust control switches and indicator. The displays of the ENGINE THRUST CON­
TROL and ENGINE THRUST panels are listed, with their functions, in table 1-40. 

ASC PRESS AGS 

DES REG LGC 

I DES QTY 

CES AC ICE~::I 
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Table 1-37. WARNING Pane l, Displays 

Display 

ASC PRESS warning repeater l 
light 

DES REG warning 
repeater light 

LGC warning repeater 
light 

ISS warning repeater light 

DES QTY warning repeater 
light 

CES AC warning repeater 
light 

CES DC warning repeater 
light 

AGS warning repeater light 

RCS TCA warning repeater 
light 

RCS A REG warning repeater 
light 

RCS B REG warning repeater 
light 

DC BUS warning repeater 
light 

CABIN warning repeater light 

SUIT/ FAN warning r epeater 
light 

MASTER ALARM repeate r light 
(all subsystems - CDR and SE) 

Function 

l.ights if pressure in either ascent helium tank drops 
below 3,000 psia before ascent pressurization or if 
blanket pressure in fuel or oxidizer lines at bi­
propellant valves drops below 120 psia 

Lights if, after pressurization, pressure in descent 
helium lines downstream of regulators exceeds 260 
psia or drops below 220 psia 

Lights if failure occurs in LM guidance computer 
power supplies, counter, or scaler 

Lights if IMU, PIPA, or CDU fails 

Lights if, before staging, descent tanks contain fuel 
for approximately 10 seconds of burning time 

Lights if a-c voltage in control electronics section 
of GN&CS is out of tolerance 

Lights if d-c voltage of any d-c power supply in 
control e le ctronics section of GN&CS is out of 
tolerance 

Lights if failure occurs in any AGS power supply or 
if fail signal is generated by AEA test asse mbly 

Lights if there is a primary coil command to fire 
specific thruster, but no chamber pressure is 
experienced at that thruster; also lights if opposing 
colinear jets are on simultaneously 

Lights when pressure sensed by pressure trans­
duce r downstream of system A pressure regulators 
exceeds 195 psia or drops below 175 psia 

Lights when pressure sensed by pressure transducer 
downstream of system B pressure regulators exceeds 
195 psia or drops below 175 psia 

Lights if d-c voltage drops below 26. 5 volts on 
either Commander's or Syste ms Engineer's d-c 
bus 

Lights if cabin pressure drops below 4. 6 psia 

Lights if pressure within suit drops below 3. 2 psia or 
if suit circulating fan No. 2 fails 

Lights by sensor signal with caution/ warning light(s) 

An aud ible tone is initiated in con­
junction with MASTER ALARM 
repeater light and caution/ warning 
light(s) 
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Displays 

ASC HI REG caution 
repeater light 

ASC QTY caution repeater 
light 

ENG GIMBAL caution 
repeater light 

PGNS caution repeater 
light 

INVERTER caution 
repeater light 

BATTERY CAUTION 
repeater light 

RNDZ RDR caution 
repeater light 

LOG RDR caution repeater 
light 

PRE AMPS caution repeater 
light 

RCS caution repeater light 

HEATER caution r epeater 
light 

C/ W PWR caution repeater 
light 

ECS caution repeater light 

LMA790-2-LMS 

Table 1-38. CAUTION Panel, Displays 

Function 

Lights if helium pressure downstream of regulators 
in ascent helium lines exceeds 220 psia 

Lights if fuel or oxidizer in ascent tank is only 
sufficient for 10-second burn 

Lights if difference between gimbal drive signal 
and gimbal response from Y - or Z-axis trim function 
is sensed 

Lights if any of following conditions is sensed: 
middle roll gimbal angle exceeds +60° or -60°, IMU 
temperature deviates ±5° from normal, AND 
of rendezvous radar operate and radar CDU fail, 
AND of rendezvous radar track enable and data good, 
AND of landing radar data not good and landing radar 
antenna in descent or hover position, data good signal 
with an ambiguous antenna position signal, program 
check failure, restart, and PIPA failure during 
nonthrusting periods 

Lights if a-c bus voltage is less than 105 volts or 
greater than 125 volts, or if a-c bus frequency is 
less than 390 cps or greater than 410 cps 

Lights if overcurrent, reverse current, or over­
temperature occurs in any descent or ascent 
battery 

Lights if rendezvous radar data-not-good condition 
occurs 

Lights if landing radar range data are not good or if 
velocity data are not good 

Lights if either of two parallel redundant -4. 7 -volt 
d-c regulated power supplies that provide power to 
RCS preamplifiers fails 

Lights if out-of-tolerance ratio of fuel to oxidizer 
remains in either system A or B tanks or if pressure 
of helium tank in either system A or B drops below 
1,700 psia 

Lights if out-of-tolerance temperatur e exists in any 
of four RCS thruste r quads, rendezvous radar as­
sembly, landing radar antenna assembly, or S-band 
steerable antenna 

Lights if any regulated power supply fails 

Lights if glycol pump fails, CO2 partial pressure ex­
ceeds 7. 6 mm Hg, water separator fail s , or suit fan 
No. 1 fails 
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Table 1-38. CAUTION Panel, Displays (cont) 

Display 

o2 QTY caution repeater 
light 

GLYCOL caution repeater 
light 

WATER QTY caution re­
peater light 

MASTER ALARM repeater 
light (all subsystems -
CDR and SE ) 

Function 

Lights if pressure in descent oxygen tank drops below 
135 psia, if less-than-full pressure below 684 psia 
occurs in either ascent oxygen tank, or if less than 95 
psia occurs in ascent tank No. 1 

Lights if glycol quantity in the primary coolant loop 
is low or if glycol temperature in primary loop, 
sensed at glycol water evaporator outlet, is high 

Lights if quantity in descent water tank falls below 
10%, if less-than-full condition occurs in either as­
cent water tank, or if unequal levels occur in either 
of these ascent tanks 

Lights by sensor signal along with caution/warning 
light (s) 

I NOTE I 

An audible tone is initiated in conjunction with the 
MASTER ALARM light and the caution/ warning 
light (s) 
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Table 1-39. EXPLOSIVE DEVICES Panel, Displays 

Display 

LDG GEAR DEPLOY 
status flag repeater 

Gray display 

Barber-pole display 

FIRE repeater light 

DES PRESS 

FIRE repeater light 

RCS PRESS 

FIRE repeater light 

ST AGE FIRE repeater 
light . 

MASTER ARM repeater 
light 

ASC He SEL switch 

TANK 1 repeater light 

BOTH repeater light 

TANK 2 repeater light 

ASCENT He PRESS 

FIRE repeater light 

Function 

Indicates deployed status of LM landing gear 

Indicates stowed status of LM landing gear 

Indicates explosive device that release landing gear 
are actuated 

Indicates squib valves that permit helium to flow from 
descent helium tanks to pressurize descent propulsion 
section are actuated 

Indicates squib valves that permit helium to flow from 
RCS helium tanks to pressurize RCS are actuated 

Indicates explosive devices that separate descent and 
ascent stages are actuated 

When lit, indicates actuation of all LM explosive 
devices 

Indicates selection of squib valve for firing of ascent 
helium tank No. 1 

Indicates selection of squib valve for firing both 
ascent helium tanks 

Indicates selection of squib valve for firing ascent 
helium tank No. 2 

Indicates squib valve of ascent section helium tank or 
tanks selected by ASC He SEL switch are actuated 
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Table 1-40. ENGINE THRUST CONTROL and ENGINE THRUST Panels, Displays 

- -----~-----------, 
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Display 

ENG OVRD ST ART switch 
repeater light 

ENG OVRD STOP switch 
(CDR & SE) repeater light 

X-TRANSL switch repeater 
light 

4 JETS 

2 JETS 

BAL CPL switch repeater 
light 

ON repeater light 

MAN THROT switch 
repeater light 

CDR repeater light 

SE repeater light 

THR CONT switch repeater 
light 

AUTO repeater light 

MAN repeater light 

X- TRANSL switch repeater 
light 

AJ3ORT switch repeater 
light 

ARO RT ST AGE switch 
repeater light 

THRUST indicator repeater 

Function 

Indicates immediate firing of descent or ascent en­
gine, depending upon setting of ENG ARM switch 

Indicates discrete stop signals to descent and ascent 
engines, independent of setting of ENG ARM switch 
is actuated 

Indicates selection of number of jets for X- axis 
translation maneuvers 

Indicates four jets for X-axis translation maneuvers 
are activated 

Indicates two jets for X-axis translation maneuvers 
are · activated 

Indicates selection of either balanced pairs of RCS 
jets in a couple or unbalanced X-axis RCS jets to 
maintain pitch and roll attitude during ascent engine 
thrust phase when AGS is in guidance control loop 

Indicates that, during initial phases of lunar ascent, 
maximum stabiliz ation and control over any center­
of-gravity thrust vector misalignment is effective 

Indicates selection of thrust/ translation controller for 
manual adjustment of descent engine thrust level, 
when corresponding throttle/ jets control select lever 
is set to THROTTLE 

Indicates Commander's thrust/ translation controller 
is adjusting descent engine thrust level 

Indicates Systems Engineer's thrust/ translation 
controller is adjusting descent engine thrust level 

Permits monitoring of switching from automatic 
throttle control (LGC) to manual throttle control 

Indicates LGC command signals are summed with 
manual command signals of throttles selected by MAN 
THROT switch for descent engine throttle control 

Indicates interruption of LGC throttle co mmand 
signals to descent engine 

When switch is actuated, indicates four - jet transla­
tion in +X-direction 

Indicates abort initiated, using descent engine 

Indicates abort initiated, using only ascent engine 

Left needle displays descent engine chamber pres­
sure; right needle displays manual thrust commands 
(SE's or CDR's thrust/ translation controller ) or LGC 
thrust commands, as selected with THR CONT switch . 
Display range is 0% to l00°r thrust. 
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1. 9. 17 COMMANDER'S AND SYSTEMS ENGINEER'S FLIGHT CONTROL PANELS. 

(See figures 1-65 and 1-66.) 

The FLIGHT CONTROL panels contain repeater lights and indicators of the Commander's and Systems 
Engineer's flight control instruments and related switch positions. They also contain repeaters of event timer 
controls and displays. The displays of the Commander's and Systems Engineer's FLIGHT CONTROL panels 
are listed, with their function, in table 1-41. 

Table 1-41. Commander's and Systems Engineer's 
FLIGHT CONTROL Panels, Displays 

Display Function 

Flight director attitude indi- Displays total vehicle attitude, attitude rates and 
cator (FDA!) repeater (CDR attitude errors, or vehicle attitude, attitude rates 
and SE) and rendezvous radar shaft and trunnion angles, 

depending upon setting of RATE/ ERR MON switch 

ROLL RATE indicator Displays roll rate of vehicle 
repeater 

PITCH RATE indicator Displays pitch rate of vehicle 
repeater 

YAW MTE indicator Displays yaw rate of vehicle 
repeater 

X-Pointer indicator re- Displays forward and lateral velocities, lateral 
peater (CDR and SE) velocities only, or rendezvous radar LOS elevation 

and azimuth angular rates, depending upon setting 
of MTE/ ERR MON switch and MODE SEL switch 

T/ W indicator repeater (CDR) Displays instantaneous X-axis acceleration in lunar g 
units (1 g = 5. 32 ft/ sec 12) 

Altitude/ range indicator Displays range/ range-rate information or altitude/ 
repeater (CDR) altitude-rate information, as selected with ALT/ RNG 

MON switch 

EVENT TIMER indicator Displays digital readout of time (O minutes O seconds 
repeater (CDR) to 59 minutes 59 seconds, or 59 minutes 59 seconds to 

0 minutes O seconds) as controlled with PRESET/ 
COUNT switch, TIMER CONT switch, SLEW CONT 
MIN switch, and SLEW CONT SEC switch 

RATE/ ERR MON switch Selects input to FDA! and X-pointer indicator 
repeater light (CDR and SE) 

RNDZ Shaft and trunnion angles of r endezvous radar are 
RADAR displayed by pitch and yaw error needles of FDA!, 

LOS azimuth and elevation rates are displayed on 
X-pointer indicator. 

LDG RDR/ CMPTR Vehicle attitude errors are displayed by FDAI error 
needles; forward (Vz) and lateral (Vy) velocities are 
displayed on X-pointer indicator. 
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Table 1-41. Commander's and Systems Engineer's 
FLIGHT CONTROL Panels, Displays (cont) 

Display 

ATTITUDE MON switch re­
peater lights (CDR and SE) 

PGNS 

AGS 

GUID CONT PGNS and AGS 
switch repeater lights (CDR) 

SHFT/ TRUN switch re­
peater lights (CDR) 

+50° 

+50 

MODE SEL switch re­
peater lights (CDR) 

LDG RADAR 

PGNS 

AGS 

EVENT TIMER RESET/ 
COUNT switch repeater 
lights (CDR) 

RESET 

UP 

DOWN 

Function 

LM total attitude signals, after conditioning by gimbal 
angle sequencing transformation assembly (GAST A), 
are sent to FDAI ball; LGC attitude error signals are 
sent to FDAI pitch, roll, and yaw error needles . In 
AGS position, AGS total vehicle attitude signals are 
sent to FDAI ball ; LGC attitude error signals are sent 
to FDAI pitch, roll, and yaw error needles. 

AGS total LM attitude signals are sent to FDAI ball; 
AGS attitude error signals are sent to FDAI pitch, 
yaw, and roll error needles. 

Indicate selection of either PGNS or AGS for guidance 
control of LM 

Indicate selection of range of rendezvous radar shaft 
and trunnion angles to be displayed by FDA! pitch and 
yaw error needles when either RATE/ ERR MON 
switch is set to RNDZ RADAR 

Full deflection of the FDAI pitch and yaw error 
needles indicates shaft and trunnion angles of +50° or 
-50° or greater. 

Full deflection of the FDA! pitch and yaw error 
needles indicates shaft and trunnion angles of +5° or 
- 5° or greater. 

Indicate selection of radar or computer data for 
display on X·•pointer and altitude/ range indicators 

Indicates radar altitude, altitude rate, and forward 
and lateral velocity data are displayed 

Indicates LGC-computed altitude, altitude rate, and 
forward and lateral velocity are displayed 

Indicates AGS-computed altitude, altitude rate , and 
lateral velocity are displayed 

Indicates resetting of EVENT TIMER to zero 

Indicates EVENT TIMER is counting in increasing 
direction to 59 minutes and 59 seconds , returns to 
zero, and begins counting in increasing direction 

Indicates EVENT TIMER is counting in decreasing 
direction from preset value to zero minutes and 
zero seconds and .then counts in increasing direction 
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Table 1-41. Commander's and Systems Engineer's 
FLIGHT CONTROL Pane ls, Displays (cont) 

Display Function 

TIMER CONT START Indicates EVENT TIMER is beginning to count in 
switch repeater light (CDR) direction selected with RESET/ COUNT switch 

EVENT TIMER SLEW MIN 
switch repeater light (CDR) 

TENS Indicates slewing of tens-column digit of minutes pair 
at rate of two digits per second as long as switch is 
held in this position 

UNIT Indicates slewing of unit-column digit of minutes pair 
at rate of two digits per second as long as switch is 
held in this position 

EVENT TIMER SLEW SEC 
switch repeater light (CDR) 

TENS Indicates slewing of tens-column digit of seconds pair 
at rate of two digits per second as long as switch is 
held in this position 

UNIT Indicates slewing of unit-column digit of seconds pair 
at rate of two digits per second as long as switch is 
held in this position 
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Figure 1-66. Systems Engineer's FLIGHT CONTROL Panel 

1. 9.18 COMMANDER CIRCUIT BREAKER STATUS AND CONTROL PANEL AND SYSTEM ENGINEER 
CIRCUIT BREAKER STATUS CONTROL PANEL. (See figures 1-67 and 1-68.) 

LMS-1-35 

The COMMANDER CIRCUIT BREAKER STATUS AND CONTROL panel and the SYSTEM ENGINEER 
CIRCUIT BREAKER STATUS CONTROL panel contain switch lights for all the Commander's and Systems Engi­
neer's circuit breakers, respectively. The switch lights can fail any indi victual circuit breaker and show the 
status of all circuit breakers. The controls of the pane ls are listed, with their function, in table 1-42. 

1. 9.19 EYDE VIDEO SELECT PANELS . (See figure 1-69.) 

The EYDE VIDEO SELECT panels select astronaut's visual displays, to be displayed at eithe r the left 
or right console TV monitors. The control of the EVDE VIDEO SELECT panels is listed, with its function, in 
table 1-43. 
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Figure 1-68. System Engineer Circuit Breaker Status Control Panel 
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Table 1-42. COMMANDER CIRCUIT BREAKER STATUS and CONTROL Panel and SYSTEM E NGINEER 
CIRCUIT BREAKER STATUS CONTROL Pane l, Controls 

Controls 

Commander's and Systems Engineers 
circuit breaker switch lights (Refer 
to panel layout for switch light nomen­
clature.) 

Function 

Each instructor monitors and controls circuit breakers 
for which his crewmember is responsible. The placards 
and arrangement of the circuit breaker switch lights 
correspond to their cabin counterparts. Switch lights 
function as follows: 

Instructors can trip a circuit breaker in simulated 
LM cabin by pressing appropriate switch light. 
Switch light is illuminated amber, indicating that 
circuit breaker is tripped. 

While this condition exists, c ircuit breaker cannot 
be reset by crewmember. It remains in this con­
dition until switch is actuated a second time. 
Failure is then removed. 

When fli ght crew circuit breake r is open and not 
tripped, it is resettable. When this condition 
exists, instructors' switch lights a re illuminated 
white. (A circuit cannot be tripped and resettable 
at the same time. ) 

In general, circuit breakers are tripped di rectly 
by instructor. However, a few of them can be 
tripped, using MIU. These switch lights on instruc ­
tor's circuit breaker status and control panel go ori 
in a manner identical with that described for direct 
"failures," (amber). Remova l of malfunction , 
however, must be accomplished via MIU. 

I NOTE I 

Most nomenclature is on the indicator sc r een, rathe r than 
on the panel. This fac ilitates monitoring and eliminates 
unne cessary redundancy of nomencla ture and color code. 
A function and color code key is supplied on the panels. 

Tab le 1-43. EVDE VIDEO SELECT P ane l, Control 

Control 

EVDE VIDEO SELECT 
Switch 

Function 

P e rmits each ins tructor to select window and 
te lescope pre s entation for monitoring 

1. 9. 20 LEFT LAMP T EST AND RIGHT LAMP TEST PANELS. (See fi gure 1-71. ) 

The LEFT LAMP TEST and RIGHT LAMP TEST panels enable ea ch instructor to tf'st all the display lights 
on his section of the instructo r console. The contro ls of these pane ls are listed , with their function, in table 
1-44. 
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Figur e 1-69. EYDE VIDEO SELECT , LEFT LAMP TEST, and RIGHT LAMP TEST Panels 

Table 1- 44. LEFT LAMP TEST and RIGHT LAMP TEST Panels, Controls 

Control Function 

LE FT LAMP TEST and When activated , a ll lamps on appropriate sections 
RIGHT LAMP TEST of instructor console go on. Each instructor can 
switches test lamps on his half of console. Console dividing 

CENTER line is between following panels: 

WEDGE MAIN PROPULSION REACT ION CONTROL 

END RADAR STABILIZATION/ CONTROL 
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1. 9. 21 EVENT TIMER PANELS. (See figur e 1-70.) 

The e ve nt time r s are r e se ttable e le ctric timers provided for the instructor's convenience in timing fli ght 
cre w responses. Both instructors have identical timers. The EVENT TIMER pane ls controls and displays arc 
listed with their functions in table 1-45. 

1. 9. 22 TIME DISPLAYS PANEL . (See figure 1-70.) 

The TIME DISPLAYS panel displays the numerical readouts of various mission proble m times . The 
control and displays of the TIME DISPLAYS panel are listed, with their functions, in table 1- 46 . 

1. 9. 23 MISSION TIMER PANEL. (See figure 1-70.) 

The MISSION TIMER panel contains r epeater lights and displays of the mission timer controls and displays 
in the LM cabin . The displays of the MISSION TIMER panel are listed, with the ir fun ction, table 1-47. 

Table 1-45. EVENT TIMER Panels, Controls and Displays 

Control or Display Function 

EVENT TIMER Mrn/ SEC The event timer is a manually se ttable four-digit display tha t is 
readout operated under contro l of a COUNT UP or COUNT DOWN switch 

light and is read in minute s and seconds. 

COUNT UP/ COUNT DOWN Pressing either switch light will actuate counte r in appropriate up 
switch lights or down direction. Pressing it a second time stops timer. 

T able 1-46. TIME DISPLAYS Panel, Control and Displays 

Control or Display Function 

GMT r eadout Displays days, hours, minute s, and seconds 

ELAPSED TIME FROM Displays e lapsed time from separation of SCM fr om LM 
SEPARATION readout 

PROBLEM TIME readout Displays problem tim e in days, hour s , minute s, and s econds 

LEM/ APOLLO switch light Se le cts e ithe r LM or Apollo problem time mode . Whe n LEM is lit , 
problem time r efe rs to lime e lapsed from s tart of LM mission, 
based on initial- condition setting . Whe n APOLLO is lit , problem 
time is that of AMS. 

I NOTE I 
Proble m time r eado ut s a n ' r ese t lo initia l- condition va lues 
whPn the proble m is r ese t (that is, the RESET switrh light 
on the PROBLEM CONTROL pane l is actua ted). 

Table 1-47. MISSION TIMER P:rne l , Displays 

Display Function 

TIMER CONT switch r e -
pcate r lights 

START Indicates MISSION TIMER counting upward fr o m pr ese t numbe r 

1-167 



LMA790- 2- LMS 

Table 1-47. MISSION TIMER Panel, Displays (cont) 

Display Function 

STOP Indicates MISSION TIMER count held and stopped until START or 
RESET is selected 

RESET Indicates MISSION TIMER numbers reset to zero 

SLEW CONT HR switch 
repeater lights 

TENS Indicates tens-column digit of MISSION TIMER HR columns is 
slewed at rate of two digits per second as long as switch is held 
in this position 

UNITS Indicates units - column digit of MISSION TIMER HR columns is 
slewed at rate of two digits per second as long as switch is held 
in this position 

SLEW CONT Mill switch 
repeater lights 

TENS Indicates tens- columns digit of MISSION TIMER Mill columns at 
rate of two digits per second as long as switch is held in this 
position 

UNITS Indicates units- column digit of MISSION TIMER Mill columns at 
rate of two digits per second as long as switch is held in this 
position 

SLEW CONT SEC switch 
repeater lights 

TENS Indicates tens-column digit of MISSION TIMER SEC columns 
slewed at rate of two digits pe r second as long as switch is held 
in this position 

UNITS Indicates units- column digit of MISSION TIMER SEC columns 
slewed at rate of two digits per second as long as switch is held 
in this position 

1. 9. 24 MAIN PROPULSION PANEL. {See figure 1-71.) 

The MAill PROPULSION panel contains repeater lights and indica tors of the main propulsion switch posi­
tions and instrumentation displays. The displays of the MAill PROPULSION panel are listed, with their function, 
in table 1-48. 

1. 9. 25 PARAMETER DISPLAY PANEL. (See figure 1-72.) 

The PARAMETER DISPLAY panel displays up to 12 preprogrammed readouts. The display of the PARA­
METER DISPLAY panel is listed with its function in table 1-49. 

1. 9. 26 CDR TRANSL CONTROLLER AND SE TRANSL CONTROLLER PANELS. {See figure 1-72.) 

The CDR TRANSL CONTROLLER and SE TRANSL CONTROLLER panels contain displays that indicate when 
the Commander's and Systems Eng.ineer's hand controllers are displaced from neutral in any one of three axes. 
The displays of the CDR TRANSL CONTROLLER and SE TRANSL CONTROLLER panels are listed, with their 
function, in table 1-50. 
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Table 1-48. MAIN PROPULSION Panel, Displays 

Display 

ASCENT He REG 1 status 
flag repeater 

Gray display 

Barber-pole display 

ASCENT He REG 2 status 
flag repeater 

Gray display 

Barber-pole display 

DESCENT He REG 1 status 
flag repeater 

Gray display 

Barber-pole display 

DESCENT He REG 2 status 
flag repeaters 

Gray display 

Barber-pole display 

HELIUM indicator repeater 

PRESS indicator repeater 

TEMP indicator repeater 

QUANTITY indicator 
repeaters 

OXIDIZER (top window) 

FUEL (bottom window) 

Function 

Indicates open condition of helium valve controlled 
by ASCENT He REG 1 switch 

Indicates closed condition of helium valve controlled 
by ASCENT He REG 1 switch 

Indicates open condition of helium valve controlled 
by ASCENT He REG 2 switch 

Indicates closed condition of helium valve controlled 
by ASCENT He REG 2 switch 

Indicates open condition of helium valve controlled by 
DESCENT He REG 1 switch 

Indicates closed condition of helium valve controlled 
by DESCENT He REG 1 switch 

Indicates open condition of helium valve controlled 
by DESCENT He REG 2 switch 

Indicates closed condition of helium valve controlled 
by DESCENT He REG 2 switch 

Indicates supercritical helium pressure (0 to 1,750 
psia) of descent cryogenic storage vessel or ambient 
temperature(-120° to + 100° F) or pressure (Oto 
3,500 psia) of ascent helium tanks, as selected with 
HELIUM MON switch 

Indicates fue l and oxidize r pressure (0 to 300 psia) 
for ascent or descent propellant sections, as 
selected with PRPLNT TEMP/ PRESS MON switch 

Indicates fuel and oxidizer temperature ( +40° to 
+100° F) for ascent or descent propellant sections, 
as selected with PRPLNT TEMP/ PRESS MON switch 

Indica te propellant quantity for MPS 

Displays cli~ital readout of percentage (0% to 99%) 
of usable oxidizer remaining in descent tanks, as 
selected with PRPLNT QTY MON switch 

Displays di~ital readout of percentage (0°r to 99%) 
of usable fuel r e maining in descent tanks, as 
selected with PRPLNT QTY MON switch 
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Table 1-48. MAIN PROPULSION Panel , Displays (cont) 

Display 

PRPLNT TEMP/ PRESS 
MON switch repeater lights 

ASC 

DES 1 

DES 2 

ASCENT He REG 1 switch 
repeater lights 

OPEN 

CLOSE 

ASCENT He REG 2 switch 
repeater lights 

OPEN 

CLOSE 

DESCENT He REG 1 
switch repeater lights 

OPEN 

CLOSE 

DESC ENT He REG 2 
switc h r epeate r lights 

OPEN 

CLOSE 

Function 

Indicate input selected to propellant temperature­
and pressure-indicating devices in ascent and 
descent propellant tanks 

Indicates connection of signal output from pressure 
sensors of ascent propellant tanks to TEMP-PRESS 
indicators. 

Indicate s connection signal output from temperature 
and pressure sensors of descent propellant tank No. 1 
to TEMP-PRESS indicators. 

Indicates connection of signal output from temperature 
and pressure sensors of descent propellant tank 
No. 2 to TEMP-PRESS indicators. 

Indicate selection of inputs to normally open, 
latch-type, solenoid-operated helium valve upstream 
of helium pressure regulator No. 1 

Indicates helium solenoid that drives valve to open 
position is energized 

Indicates helium solenoid that drives valve to closed 
position is energized 

Indicate selection of inputs to normally open latch­
type, solenoid-operated helium valve upstream of 
helium pressure re~lator No. 2 

Indicates helium solenoid that drives valve to open 
position is energized 

Indicates helium solenoid that drives va lve to closed 
position is energized 

Indicates selection of inputs to normally open, 
latch-type , solenoid-operated helium valve upstream 
of helium pressure regulator No. 1 

Indicates he lium solenoid that drives valve to open 
position is energized 

Indicates helium solenoid that drives va lve to closed 
position is ene r gized 

Indicate se lec tion of inputs to normally open, latch­
type, s olenoid-ope rated he lium va.lve upstream of 
he lium pre ssure re !!,ul:ltor No. 2 

Indicate s he lium solenoid that drives valve to open 
position is energized 

Indica te s helium solenoid that drives va lve to closed 
position is energized 
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Table 1-48. MAIN PROPULSION Panel, Displays (cont) 

Display Function 

HELIUM MON switch Selects inputs to helium pressure-indicating device 
repeater lights in descent cryogenic storage vessel and temperature-

and pressure- indicating devices in ascent helium tanks 

DESCENT SCP Indicates connection of signal output from pressure 
sensor in descent cryogenic storage vessel to HELIUM 
indicator 

DESCENT PRESS Indicates connection of signal output from pressure 
sensor in descent helium bottle to HELIUM indicator 

ASCENT Tl Indicates connection of signal output from temperature 
sensor of ascent tank No. 1 to HELIUM indicator 

ASCENT T2 Indicates connection of signal output from temperature 
sensor of ascent tank No. 2 to HELIUM indicator 

ASCENT Pl Indicates connection of signal output from pressure 
sensor in manifold downstream of ascent tank No. 2 
and upstream of squib valves to HELIUM indicator 

ASCENT P2 Indicates connection of signal output from pressure 
sensor in manifold downstream of ascent tank No. 2 
and upstream of squib valves to HELIUM indicator 

PRPLNT QTY MON Indicates selection of inputs to oxidizer and fuel quantity 
switch repeater lights indicating devices in descent propellant tanks 

DES 1 Monitors the discrete outputs from the quantity gaging 
sensor probe of oxidizer tank No. 1 and fuel tank 
No. 2 to QUANTITY indicators 

DES 2 Monitors the discrete outputs from the quantity gaging 
sensor probe of oxidizer tank No. 1 and fuel tank 
No. 2 to QUANTITY indicators 

Table 1-49. PARAMETER DISPLAY Panel, Display 

Display Function 

PARA MET ER DISPLAY Permit instructor to display parameter plus and minus quantities 
projection lights to eight significant figures. Parameters are selected on parameter 

control panel. 

Table 1-50. CDR TRANSL CONTROLLER and SE TRANSL CONTROLLER Panels, Displays 

Display Function 

X-AXIS, Y-AXIS, Z-AXIS Appropriate lamp lights to indicate that Commander's or Systems 
+ and - indicator lights Engineer 's thrust/translational hand controller has been displaced 

from neutral position. 

1-173 



• I 

LMA 790- 2- LMS 

PARAMETER DISPLAY 

= "' 

□~Em~ ,:• " ~ T •",• • ~ ':% ,:- ~~ .:/'.ffi ":\~::o 
0 I.=.::-~.- :_· .. --- - ·· ::::.:::·,:·<;'.7.' -;t~; ----□-

. , " 
-. ,,,,_,,., · I ~ - ' T . . 

• U,\\ :.l.blfflll,= =4!==e===~#,~==c.'==i=~-c-=~ ~ =t:~ - · ' , 

CDR TRAN SL 
CONTROLLER 

· 88 

TRUE INST READING SE TRANSL 
CONTROLLER 

X-AXIS Y-AXIS Z-AXIS 

+ + + 

Figure 1-72. PARAMETER DISPLAY , CDR TRANSL CONTROLLER, SE TRANSL 
CONTROLLER , and TRUE INST READING Pane ls 

1. 9. 27 TRUE INST R EADING PANELS. (See fi gure 1-72 . ) 

LMS-1 -20 

The TRUE INS T READING pane ls e nable the ins tructor s to t' (' ad true instrume nt va lues a t a ll instrume nts on 
the left and r ight ha lve s of the instructor console . The control o f the T R UE INSTL READING pane ls is listed , 
with its function , in table 1- 51. 

1.9.28 E NVIRONMENTAL CONTROL PANEL. (SeP fi gure 1-73. ) 

The ENVIRONMENTAL CONTROL pane l cont:iins rc.' p<' al<'r li ght s :ind indica tor s of th e E NVIRONMENTAL 
CONTROL SUBSYSTE M ins trume ntation and contro l s witc h posi t io ns . The displays of the ENVIRONMENTAL 
CONTROL pa ne l a r e listed, with the ir fun ctions, in table 1- 52 . 

1. 9. 29 REACTION CONTROL PAN E L . (Sec fi gur C' 1-74. ) 

- The REACTION CONTROL pane l conta ins r epeatf'r light s and indi cator s of the React ion Contr o l Subs ystem 
(RCS) s witch positi ons , flags , and ins trumentation. The displ:i ys of thc REACTION CONTRO L pa ne l are lis ted, 
with the ir functions , in tabl e 1- 53. 
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Table 1-51. TRUE INST READING Panels, Control 

Control Function 

TRUE READING switch light Causes specified malfw1ctioned repeate r instruments (those whose 

I 
malfunction indicator li~hts, adjacent to the instruments. arC' lit ) 
to read true values. Flight crew astronaut's instrument reflf'c!S 
failed condition . Failed light adjacent to indicator remains lighted 
as long as failure exists in flight crew instruments. Time lag from 
switch actuation to instrume nt setting to true reading is insignifi-
cant (approximately one-quarter second or less). When TRUE 
READING switch is actuated a second time, instruments return to 
failed reading. Each instructor's TRUE READING switch affects 
only instruments on his half of console . 

1. 9. 30 RADAR PANEL. (See figure 1-75.} 

The RADAR panel contains repeater lights and indicators. that indicate the radar control switch positions, 
and the status of the radar component caution light and the signal strength meter. The displays of the RADAR 
panel are listed, with their function, in table 1-54. 

1. 9. 31 STABILIZATION/ CONTROL PANEL. (See fi gure 1-76.} 

The STABILIZATION/ CONTROL panel contains repeater lights that indicate the stabilization contr ol switch 
positions. The displays of the STABILIZATION/ CONTROL panel are listed, with their function, in table 1-55. 

1. 9. 32 HEATER CONTROL PANEL. (See figure 1-76 .) 

The HEATER CONTROL panel contains repeater lights and an indicator that indicates the switch positions 
and temperature indication on the corresponding LMS cabin control panel. The displays of the HEATER 
CONTROL panel are listed, with their function, in table 1-56. 

1. 9. 33 MALFUNCTION DISPLAY UNIT PANEL. (See figure 1-77.) 

The MALFUNCTION DISPLAY UNIT panel enables the instructor to r ead out as many as 15 malfunction 
codes on the display. An overflow display indicates that more than 15 malfunctions up to a maximum of 11) 
are active or pending. The displays of the MALFUNCTION DISPLAY UNIT panel are listect, with their function, 
in table 1- 57. 

1. 9. 34 MALFUNCTION INSERTION UNIT PANEL. (See figure 1-78.) 

The MALFUNCTION INSERTION UNIT enab les selection of manually initiated malfunction r outines. The 
controls and displays of the MALFUNCTION INSERTION UNIT panel are listed, with their function, i11 table 
1-58. 

1. 9. 35 PARAMETER CONTROL PANEL. (See figure 1-79.) 

The PARAMETER CONTROL panel permits the instructor to select any one of 12 preprogrammed parameters 
for display. The controls of the PARAMETER CONTROL panel are listed, with their function, in table 1-59. 
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Table 1-52. ENVIRONMENTAL CONTROL Panel, Displays 

Display 

SUIT PRESS indicator repeater 

CABIN TEMP indicator repeater 

SUIT TEMP indicator repeater 

02 QUANTITY indicator 
repeater 

GLYCOL PRESS indicator 
repeater 

GLYCOL TEMP indicator 
repeater. 

SUIT FAN switch repeater 
lights 

1 

2 

02/ H20 QTY MON switch 
repeater lights 

C/ W RES 

DES 

ASC 1 

ASC2 

GLYCOL PUMP switch 
repeater lights 

1 

2 

EMER 
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Function 

Displays suit circuit pressure {psia), sensed downstream of suit gas 
supply connectors 

Displays temperature (degrees Fahrenheit) of cabin interior sensed 
at cabin heat exchanger 

Displays temperature in suit circuit, sensed at suit circuit regenera­
tive heat exchanger 

Displays quantity of oxygen remaining in descent oxygen tank or in 
either ascent oxygen tank, as selected with 02/ H20 QTY MON switch 

Displays glycol pump discharge pressure in primary coolant loop. 
Following failure of primary loop and selection of emergency coolant 
pump with GLYCOL PUMP switch, indicator repeater light displays 
emergency glycol pump discharge pressure. 

Displays glycol temperature in primary coolant loop. Following 
failure of primary loop and selection of emergency coolant pump with 
GLYCOL PUMP switch, indicator repeater displays emergency 
temperature. 

Indicate selection of either of two suit fans to circulate breathing 
oxygen in suit circuit 

Indicates selection of fan No. 1 

Indicates selection of fan No. 2 

Indicate switch positions that select 02 QTY and H20 QTY indicators 
to display quantities remaining in descent or ascent oxygen and water 
storage tanks. 

Indicates that signal is routed to caution and warning electronics 
assembly (CWEA) to extinguish o2 QTY caution light or WATER QTY 
caution light if lit 

Indicates that descent oxygen tank quantity is displayed on o2 QTY 
indicator and quantity remaining in descent water tank is displayed 
on H2o QTY indicator. 

Indicates that quantity of ascent oxygen tank No. 1 is displayed on 
02 QTY indicator and quantity remaining in ascent water tank No. 1 
is displayed on H20 QTY indicator. 

Indicates that quantity of ascent oxygen tank No. 2 is displayed on 
02 QTY indicator and quantity remaining in ascent water tank No. 2 
is displayed on H20 QTY indicator. 

Indicate selection of either of two circulating pumps in primary 
coolant loop, or circulating pump in emergency coolant loop. 

Indicates activation of glycol pump No. 1 and by-passing automatic 
changeover feature 

Indicates activation of glycol pump No. 2 and by-passing of automatic 
changeover feature 

Indicates activation of glycol pump in emergency coolant pump 

_ _) 

J 
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Table 1-53. REACTION CONTROL Panel, Displays 

e.....---------.-------------, 
Display Function 

SYSTEM A MAIN SOY status 
flag repeater 

Gray display 

Barber-pole display 

SYSTEM A ASC FEED status 
flag r epeater 

Gray display 

Barber-pole display 

SYSTEM B MAIN SOY status 
flag repeate r 

Gray display 

Barber-pole display 

SYSTEM B ASC FEED status 
flag r epeater 

Gray disp lay 

Barber-pole display 

SYSTEM A THRUSTER PAIR 
QUAD 1 status flag repeater 

Gray display 

Barber-pole display 

Red display 

SYSTEM A THRUSTER PAIR 
QUAD 2 status flag r epeate r 

Gray display 

Barber-pole display 

Red display 

SYSTEM B THRUSTER PAIR 
QUAD 1 status flag repeater 

1-178 

Gray display 

Barber-pole display 

Red dis la 

Indicates open condition of propellant main shutoff valves controlled 
by MAIN SOY switch 

Indicates closed condition of main shutoff valve s 

Indicates open condition of ascent propellant interconnect valves 
controlled by ASC FEED switch 

Indicates closed condition of interconnect valves 

Indicates open condition of prope llant main shutoff valves controlled 
by MAIN SOY switch 

Indicates closed condition of main shutoff valves 

Indicates open condition of ascent propellant inte rconnect valves 
controlled by ASC FEED switch 

Indicates closed condition of interconnect valves 

Indicates open, closed, and failed - c losed condition of two iso lation 
valves in propellant lines downstream of TCA' s No. Iu and If 

Indicates ope n condition of two isolation valves controlled by QUAD 
1 switch 

Indicates closed condition of valves 

Indicates T CA failure 

Indicates open, c losed, and failed - c losed condition of two isolation 
valves in propellant Jine s downstream of TCA No. Ild :.nd Ilf 

Indicates open condition of two isolation valves controlled by QUAD 
2 switch 

Indicates c losed condition of valves 

Indicates TCA failure 

Indicates open, closed, and failed- c losed cond ition of two isolation 
valves in propellant lines downstream of TCA No. Id and Is 

Indicates open condition of two isolation valves controlled by QUAD 
1 switch 

Indicates c losed condition of valve s 

Indicates TCA failur e 
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Table 1-53. REACTION CONTROL Panel, Displays (cont) 

Display 

SYSTEM B THRUSTER PAIR 
QUAD 2 status flag repeater 

Gray display 

Barber-pole display 

Red display 

SYSTEM A THRUSTER PAffi 
QUAD 3 status flag repeater 

Gray display 

Barber-pole display 

Red display 

SYSTEM A THRUSTER PAIR 
QUAD 4 status flag repeater 

Gray display 

Barber-pole display 

Red display 

SYSTEM B THRUSTER PAIR 
QUAD 3 status flag repeater 

Gray display 

Barber-pole display 

Red display 

SYSTEM B THRUSTER PAIR 
QUAD 4 s tatus flag repeater 

Gray display 

Barber -pole display 

Red display 

CSRFD status flag repeater 

Gray display 

Barber-pole display 

Function 

Indicates ope n, closed, and failed - closed condition of two isolation 
valves in propellant lines downstream of TCA No. I!u and Ils 

Indicates open condition of two isolation valves controlled by QUAD 
2 switch 

Indicates closed condition of valves 

Indicates TCA failure 

Indicates open, closed, and failed-closed condition of two isolation 
valves in propellant lines downstream of TCA No. Illu and Ills 

Indicates open condition of two isolation valves controlled by QUAD 
3 switch 

Indicates closed condition of valves 

Indicates TCA failure 

Indicates open, closed, and failed-closed condition of two isolation 
valves in propellant lines downstream of TCA No. IVd and IVs 

Indicates open condition of two isolation valves controlled by QUAD 
4 switch 

Indicates c losed condition of valves 

Indicates TCA failure 

Indicate s open, closed, and failed - closed condition of two isolation 
valves in propellant line s downstream of TCA No. Illd and Illf 

Indicates open condition of two isolation valves controlled by QUAD 
3 switch 

Indicates closed condition of valves 

Indicates TCA failure 

Indicates open, closed, and failed-closed condition of two isolation 
valves in propellant lines downstream of TCA No. !Vu and IVf 

Indicates open condition of two isolation valves controlled by QUAD 
4 switch 

Indicates closed condition of valves 

Indicates TCA failure 

Indicates open or closed condition of two latch-type, solenoid-operated 
fue l and oxidizer crossfeed valves in crossfeed piping arrangement 
betwee n systems A and B 

Indicates open condition of fue l and oxidizer crossfeed valves 
controlled by CRSFD switch 

Indicates closed condition valves 
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Table 1-53. REACTION CONTROL Panel, Displays (cont) 

Display 

PRESS indicator repeater 

TEMP indicator repeater 
light 

QUANTITY indicator repeater 

SYSTEM A MAIN SOV switch 

OPEN 

CLOSE 

SYSTEM A ASC FEED switch 
repeater lights 

OPEN 

CLOSE 

SYSTEM B MAIN SOV switch 
repeater lights 

OPEN 

CLOSE 

SYSTEM B ASC FEED switch 
repeater lights 

OPEN 

CLOSE 

SYSTEM A THRUSTER PAIR 
QUAD 1 switch r epeater lights 

OPEN 

CLOSE 
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Function 

Indicates pressure (0 to 3, 500 psia) of helium, fuel, and ozidizer 
tanks and of fuel or oxidizer manifolds of systems A and B 

Indicates temperature (+20° to +120° F) of helium, fuel, and oxidizer 
tanks of systems A and B 

Indicates quantity of propellant (0% to 99%) remaining in RCS pro­
pellant tanks 

Indicate selection of inputs to two latch-type, solenoid-operated, 
main shutoff valves in propellant lines downstream of propellant 
tanks 

Indicates propellant main shutoff solenoids that drive main shutoff 
valves to open position are energized 

Indicates propellant main shutoff solenoids that drive main shutoff 
valves to closed position are energized 

Indicate selection of inputs to two latch-type, solenoid-operated, 
manifold control valves in ascent propellant line, which control flow 
of propellant from ascent propellant tanks 

Indicates ascent propellant interconnect solenoids that drive inter ­
connect valves to open position a re energized 

Indicates a scent propellant interconnect solenoids that drive inter­
connect valves to closed position are energized 

Indicate selection of inputs to two latch-type, solenoid-operated, 
main shutoff valves in propellant lines downstream of propellant 
tanks 

Indicates propellant main shutoff solenoids that drive main shutoff 
valves to open position are energized. 

Indicates pr ope Hant main shutoff solenoids that drive main shutoff 
valves to closed position are energized 

Indicate selection of inputs to two latch-type, solenoid-operated, 
interconnect valves in ascent propellant line, which control flow of 
propellant from ascent prope llant tanks 

Indi cates ascent propellant inte rconnect solenoids that drive inter­
connect valve s to open position are energized 

Indicates ascent prope llant interconnect solenoids that drive inter ­
connect valves to c losed position are energized 

Indicate selec tion of inputs to two normally open , lat ch- type, 
so lenoid- operated, shutoff, isolation valves in propellant lines 
downstream of TCA's, to control propellant flow to TCA No. Iu and 
If 

Indicates two isolation sole noids that drive isolation valves to open 
position arc ene rgized 

Indi cates two isolation s olenoids that drive isolation valves to the 
c losed position arc energized 
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Table 1-53. REACTION CONTROL Panel, Displays (cont) 

Display Function 

SYSTEM A THRUSTER PAIR Indicate selection of inputs to two normally open, latch-type, 
QUAD 2 switch repeater lights solenoid-operated, shutoff, isolation valves in propellant lines 

downstream of TCA's, to control propellant flow to TCA No. !ID 
and IIf 

OPEN Indicates that two isolation solenoids that drive isolation valves to 
open position are energized 

CLOSE Indicates that two isolation solenoids that drive isolation valves 
to closed position are energized 

SYSTEM B THRUSTER PAIR Indicate selection of inputs to two normally open, latch-type, 
QUAD 1 switch repeater lights solenoid-operated, shutoff, isolation valves in propellant lines 

downstream of TCA's, to control propellant flow to TCA No . Id 
and Is 

OPEN Indicates two isolation solenoids that drive isolation valves to 
open position are energized 

CLOSE Indicates two isolation solenoids that drive isolation valves to 
closed position are energized 

SYSTEM B THRUSTER PAIR Indicate selection of inputs to two normally open, latch-type, 
QUAD 2 switch repeater lights solenoid-operated, shutoff, isolation valves in propellant lines 

downstream of TCA's, to control propellant flow to TCA No. Ilu 
and !Is 

OPEN Indicates two isolation solenoids that drive isolation valves to 
open position are energized 

CLOSE Indicates two isolation solenoids that drive isolation valves to 
c losed position are energized 

SYSTEM A THRUSTER PAIR Indicate selection of inputs to two normally open, latch-type, 
QUAD 3 switch repeater lights solenoid-operated, shutoff, isolation valves to propellant lines 

downstream of TCA's , to control propellant flow to TCA No. IIIu 
and Ills 

OPEN Indicates two isolation solenoids that drive isolation valves to 
open position are energized 

CLOSE Indicates two isolation solenoids that drive isolation valves to 
c losed position are energized 

SYSTE M A THRUSTER PAIR Indicate selec tion of inputs to two normally open, latch-type, 
QUAD 4 switch repeater lights solenoid-operated, shutoff, isolation valves in propellant lines 

downstream of TCA's, to control prope llant fiow to TCA No. IVd 
and IVs 

OPEN Indicates two isolation solenoids that drive isolation valves to 
open position are energized 

CLOSE Indicates two isolation solenoids that drive isolation valves to 
closed position are e ner gized . 

SYSTEM B THRUSTER PAIR Indicate selection of inputs to two norma lly open, latch-type, 
QUAD 3 switch r epeater lights solenoid-operated, shutoff, isolation valves in pr ope llant lines 

downstream of TCA's , to control propellant flow to TCA No. IIId 
and JIIf 
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Table 1-53. REACTION CONTROL Panel, Displays (cont) 

Display 

OPEN 

CLOSE 

SYSTEM B THRUSTER PAffi 
QUAD 4 switch repeater lights 

OPEN 

CLOSE 

TEMP/ PRESS MON switch 
repeater lights 

He 

PRPLNT 

FUEL MANF 

OXID MANF 

CRSFD switch repeater lights 

OPEN 

CLOSE 

ISOLATION TCA switch 
repeater light 

ENABLE 
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Function 

Indicates two isolation solenoids that drive isolation valves to 
open position are energized 

Indicates two isolation solenoids that drive isolation valves to 
closed position are energized 

Indicate selection of inputs to two normally open, latch-type, 
solenoid-operated, shutoff, isolation valves in propellant lines 
downstream of TCA's, to control propellant flow to TCA No. IVu 
and IVf 

Indicates two isolation solenoids that drive isolation valves to 
open position are energized 

Indicates two isolation solenoids that drive isolation valves to 
closed position are energized 

Indicate selection of inputs to propellant temperature- and 
pressure-indicating devices for systems A and B 

Indicates signal outputs from systems A and B helium tank tempera­
ture sensor and pressure transducer are connected to TEMP and 
PRESS indicators 

Indicates signal outputs from systems A and B fuel tank and 
oxidizer tank temperature sensors and pressure transducer are 
connected to TEMP and PRESS indicators 

Indicates signal outputs from systems A and B fuel manifold 
pressure transducer are connected to PRESS indicator 

Indicates signal outputs from systems A and B oxidizer manifold 
pressure transducer are connected to PRESS indicator 

Indicate selection of inputs to two latch-type, solenoid-operated, 
fuel and oxidizer crossfeed valves located in crossreed piping 
arrangement between systems A and D. 

Indicates signal outputs from fue l and oxidizer crossfeed va lves 
are not connected to CRSFD status flag 

Indicates signal outputs from fuel and oxidizer crossfecd valve s 
are connected to CRSFD status flag 

Provides automati c isolation of TCA' s by LM Mission Programmer 
(LMP) 

NOTE 

This switch is not used. 

Indicates automatic isolation of maliunctioning thruster pairs. 
Signals to all THRUSTER PAIR status flags are inhibited 

:J 
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Display 

NO TCK repeater light 

Signal strength meter 
repeater 

Manual SLEW switch 
repeaters lights 

UP 

RIGHT 

DOWN 

LEFT. 

SLEW RATE switch 
repeater lights 

HI 

LO 

AUTO TCK switch position 
repeater light 

SLEW switch position 
repeater light 

LGC switch position 
r epeater light 

LDG ANT switch repeater 
li~hts 

AUTO 

DES 

HOVER 

LMA790-2-LMS 

Table 1-54. RADAR Panel, Displays 

Function 

Light goes on to indicate that rendezvous radar has 
broken track (data not good) in any one of three track­
ing modes 

Displays landing radar and rendezvous radar data for 
test and flight operations as selected with TEST/ 
MONITOR switch 

Indicate slewing of trunnion or shaft servos, or both, 
to position rendezvous radar antenna for manual 
acquisition of target and subsequent automatic 
tracking 

Indicates slewing of trunnion or shaft servos, or both, 
upward to position rendezvous radar antenna for 
manual acquisition of target and subsequent automatic 
tracking 

Same indication as for UP light, except that slewing is 
to right 

Same indication as for UP light, except that slewing is 
downward 

Same indication as for UP light, except that slewing is 
to left 

Indicate two rates for manually slewing, rendezvous 
radar antenna with SLEW switch 

Indi.cates selection of high slew rate for quick coarse 
adjustments to guide antenna in direction of target 

Indicates selection of low slew rate for ace urately 
peaking signal strength meter, enabling subsequent 
initiation of automatic tracking with RNDZ RADAR 
mode switch with assurance that main lobe lock will 
be achieved 

Indicates track is maintained by comparing r eceived 
radar signals from three channels; errors are used 
to drive radar servos, thus maintaining track 

Indicates rendezvous radar antenna drive is controlled 
manually with SLEW switch 

Indicates computer is automatically driving antenna 
toward taq.:;et 

Indicates LGC is positioning landing radar antenna as 
function of mission phase 

IndicatC's antenna is drivin:; to first position us ed 
beforp hover point 

Indicates antenna is drivin1; to its second position for 
final landin1; phase 



Display 

RADAR TEST switch 
repeater lights 

RNDZ 

LDG 

TEST/ MONITOR switc h 
r epeater lights 

ALTXMTR 

VEL XMTR 

AGC 

XMTR PWR 

SHAFT ERR 

TRUN ERR 

LMA7!J0-2-LMS 

Table 1-54. RADAH Pa ne l, Di splays (cont ) 

Function 

Indicates te st circuitry is initiated and rendezvous 
radar performance is monitor ed on signal strength 
mete r afte r appropriate setting of TEST/ MONITOR 
switch 

Indicates test circuitry is initiated and land ing radar 
perform a nc e is monitored on signal strength meter 
after appropriate setting of TEST/ MONITOR switch 

Indicates s e lection of landing radar rendezvous radar 
t est da ta or fli ght performance data for monitoring 
on signal strength meter 

Indicates selection of altitude range transm itte r 
power output for display on signa 1 strength me te r 
during testing and flight operations 

Indicates s elec tion of ve loc ity transmitter' s powe r 
output fo r display on s ignal strength me te r during 
testing and flight operations 

Indicates s e lection of AGC during rendezvous radar 
testing. (Specific value of r ece ive r signa l strength 
should be displayed on signal s t r ength me te r ; how­
ever, during flight operations signal will vary. ) 

Indicates s e lection of spec ific value of transmitte r 
output power , which is displayed on signal strength 
meter during fli ght operations 

Indicates s e lec tion of shaft angle error s ignals 
(During testing, angle errors are dis played as needle 
fluctuations with equal amplitude on s igna l strength 
me ter. During flight operations thes e e rror signals 
are displayed as needle fluc tua tions that r epres e nt the 
smoothness of s e rvo tracking . ) 

Indica tes s e lec tion of trunnion ang le errors. (See 
comme nt for SHAFT ERR position . ) 
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Table 1-55. STABILIZATION/ CONTROL Panel, Displays 

Display 

GYRO TEST control switch 
repeater lights 

POS RT 

NEG RT 

DEADBAND switch repeater 
lights 

MAX 

MIN 

ATTITUDE CONTROL PITCH, 
ROLL, and YAW switch repeater 
lights 

MODE CONT 

PULSE 

DIR 

MODE CONTROL switch 
repeate r lights 

ATT HOLD 

AUTO 

GYRO TEST select switch 
repeater lights 

Function 

Indicate test signal is applied to rate gyro selected 
with GYRO TEST select switch 

Indicates that selected rate gyro output displaces 
FDAI rate needles at + 5° / second vehicle attitude rate 

Same as POS RT, except that FDAI rate needles are 
displaced at -5° / second 

Indicate selection of wide or narrow deadband 

Indicates selection of largc -amµlitud e limit cycle 
(±5. 0° ) for attitude control syste m to conserve RCS 
fue l during coasting fli ght 

Indicates selection of narrow deadband (±0. 3°) for 
periods when accurate manual control is required 

Indicates AGS attitude control in pitch, roll , and yaw 
established in conjunction with MODE CONTROL 
switch 

Indicates vehicle attitude control about appropriate 
axis is determined by MODE CONTROL switch setting 

If AGS has been selected with GUID CONT switch, and 
ATTITUDE CONTROL switch is set to PULSE or DIR, 
this repeater indicates attitude about axis can only be 
controlled manually. Astronaut has openloop type of 
acceleration control when attitude controller is dis­
placed more than one-fourth of its full throw in 
appropriate direction. 

Indicates displac ed attitude controlle r is acti vating 
pairs or reaction jets. Since attitude authority is still 
automatic via LGC, such jet firing interferes with 
automatic steering commands. Selection of DIR and 
attitude controller, causes jets to activate continuously 
instead of being pulsed. 

Indicates outputs of attitude controllers, thrust/ 
translation controllers, and selected guidance com­
puter are affected 

Indicates astronauts can command an angular rate 
proportional to displacement of att itude contr olle rs in 
eithe r PGNS or AGS. When attitude controller is out 
of neutral detent, ATTITUDE CONTROL switches in 
MODE CONT , AGS in control loop, attitude loops are 
opened and axis transduc ers are compared to rate 
gyr o outputs to provide proportional commands. 

Indicates that with GUID CONT switch in AGS position, 
attitude error signals are sent to CES from AGS. 

Indicates s e lection of FDAI rate gyro to be tested 
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Table 1-55. STABILIZATION/ CONTROL Panel, Displays (cont) 

Display Function 

GYRO TEST select switch 
repeater lights (cont) 

ROLL Indicates selection of FDAI rate gyro to be tested in 
ROLL 

PITCH Indicates s e lection of FDAI rate gyro to be tested in 
PITCH 

YAW Indicates selection of FDAI rate gyro to be tested in 
YAW 

STABILIZATION/CONTROL HEATER CONTROL 

DE AD BAND ,-- GYRO TEST------. ,--RNDZ RA DAR-v- LDG RA DAR-.... 

~ ROL L 
N 

T[ Jw!P OPR AlJl () Al) T 0 

MA N TE MP ST 8 'V MAN 

RCS 
QUAD I QUAD 2 QU AD 3 QUAD 4 

MODE CONT PI TCH 

@ 8 D 

A ll TO All T O A1 1T 0 ~ .... MAN MAN MA N 

\I 
YAW 

,-- S · BA ND --., 

Tf MP OP P A l /TO 

• ,---- ATT IT J n[ CO N l RG I ---- T fM F' 

RO LL Pl TCH YAW 

MODE MODE MODE 
CO N T Ct, NT CO N I 

PUL SE PULSE PULSE 

DI R DIR n1 R 
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Fi g-u1·c l -7G . STAnJ LT Z ATION C ONTROL :rnd JI L \T f': R CO NT ROL l '.in ,•1 ,-. 
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Tablt' l-5li. 111-:ATl-:I{ CONTHOI. Pa1H'I, Displays 

Display F1111c :ti,,11 

11NDZ 11ADAl1 switch Indicate sPlectiun of heat<•r switch f)()Sitiun for r<:ndez -
r epeate r li~hts vous radar antenna 

TEMP OPR 
TEMP STBY 
AUTO 
MAN 

LDG RADAR repeater lights Indicate selection of heate r switch positions for land-
ing radar antenna 

TEMP OPR 
TEMP STBY 
AUTO 
MAN 

RCS repeater lights 

QUAD 1 Indicate selection of heater switch positions for RCS 
thruster QUAD 1 

AUTO 
MAN 

QUAD 2 Indicate selection of heater switch positions for RCS 
thruster QUAD 2 

AUTO 
MAN 

QUAD 3 Indicate selection of heater switch positions for RCS 
thruster QUAD 3 

AUTO 
MAN 

QUAD 4 Indicate selection of heater switch positions for RCS 
thruster QUAD 4 

AUTO 
MAN 

S-BAND repeater lights Indicates selection of heater switch positions for S-
band antenna assembly 

TEMP OPR 
TEMP STBY 
AUTO 
MAN 

TEMP MONITOR repeater 
lights 

RADAR 

RNDZ Indicates s e lection of rendezvous radar for tempera-
ture monitoring on TEMP indicator 

LDG Indicates selection of landing radar for temperature 
monitoring on TEMP indicator 

RCS 

QUAD 1 Indicates selection of QUAD 1 for temperature moni-
toring on TEMP indicator 
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Table 1- 56 . HEATER CONTROL Panel, Displays (cont) 

Display Function 

RCS (cont) 

QUAD 2 Indicates selection of QUAD 2 for temperature moni-
taring on TEMP indicator 

QUAD 3 Indicates selection of QUAD 3 for temperature moni-
taring on TEMP indicator 

QUAD 4 Indicates selection of QUAD 4 for temperature moni-
taring on TEMP indicator 

S-BAND Indicates selection of S-band antenna for temperature 
monitoring on TEMP indicator 

TEMP indicator repeater Indicates temperature of assembly selected by TEMP 
MONITOR switch 

MALFUNCTION DISPLAY UNIT 

STAT,S ''"'I '°" 
I I I I I I 

STATUS !SYS CODE STATUS lsYS I CODE 

9 1 I I I I I 
STATUS lsvsl CODE 

13 1 I I I I I 
STATUS lsvsl coDE 

2 I I I I I I 
STATUS lsvsl CODE STATUS ISYSI CODE '"'tftjjJ 61 I I I I I 101 I I I I I 14 

STATUS ISYSI CODE STATUS !SYS CODE STATUS lsYSI CODE STATUS lsvsl CODE 

3 I I I I I I 7 
II I I I I I I I~ I I I I l I 

STATUS !SYS I CO DE 

41 I I I I I 
STATUS ISYSI CODE '"'rnfi] OVERFLOW 

8 I I I I I I 12 [I] 
e LMS-1 -29 

Figure 1-77. MALFUNCTION DISPLAY UNIT Panel 
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Table 1-57. MALFUNCTION DISPLAY UNIT Panel, Displays 

Display 

STATUS indicator lights 

T (white) 

E (white) 

IMP (blue) 

ACT (amber) 

SYS (one unit) indicator 
lights 

Function 

Indicate status of control program and direct malfunc­
tions 

Projected when time-dependent control program is 
enabled 

Projected when event-dependent control program is 
enabled 

Projected 1 minute before activation of malfunction 
by displayed time-dependent control program 

Projected when either control program or direct 
malfunction is activated 

Display designation of subsystem or section being 
malfunctioned 

AG (Abort guidance) 
CM (Communications) 
EC (Environmental control) 
ED (Explosive devices) 
EP (Electrical power) 
IN (Instrumentation) 
PG (Primary guidance and navigation) 
PR (Propulsion) 
RC (Reaction control) 
SC (Stabilization and control) 

CODE (three units) in­
dicator lights (0 through 
9, each unit) 

Displays three-digit code number of inserted malfunction 

OVERFLOW indicator 
lights (two units) (01 
through 11) 

Display number of malfunctions in excess of 15, but 
not exceeding 26, that have been inserted simulta­
neously 

The MDU display is automatic on a "next available" basis upon actua­
tion of the MIU MALFUNCTION ENTER or CLEAR switches. When 
a display line is emptied, one of the overflowed malfunctions is dis­
played and the overflow indication is decreased by one. 
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Table 1-58. MALFUNCTION INSERTION UNIT Panel, Controls and Displays 

Control or Display 

ALL SYSTEMS CLEAR 
switch light 

VERIFY REG readout 

NOT AVAILABLE indicator Light 

SYSTEM SELECT switch lights 

AG (Abort guidance) 

CM (Communications) 

EC (Environmental control) 

ED (Explosive devices) 

EP (Electrical power) 

IN (Instrumentation) 

PG (Primary navigation and 
guidance) 

PR (Propulsion) 

RC (Reaction control) 

SC (Stabilization and 
control) 

Spare 

Function 

Permits instructor to deactivate all malfunction 
control programs and malfunctions. Clearing is 
"on line. " This switch will clear control panel. 

Displays malfunction code selected with keyboard. 
Display remains until CONTROL PANEL CLEAR 
switch or MALFUNCTION ENTER or CLEAR 
switches are actuated and negation of "not avail­
able" is established. 

After actuation of MALFUNCTION ENTER or 
CLEAR switches, NOT AVAILABLE light goes 
on if one of following conditions exists: 

• Control program was selected that is not 
in core 

• No malfunction is assigned to three-digit 
code selected. 

I NOTE I 

li NOT AVAILABLE light goes on, 
the MIU must be cleared manually 
with CONTROL PANEL CLEAR 
switch. 

Permit instructor to select subsystem for sub­
sequent deletion of all malfunctions associated 
with that subsystem, when used in conjunction 
with MALFUNCTION CLEAR switch. In addition , 
when used in conjunction with CODE SELECT key­
board, switches permit addressing individual 
malfunction for subsequent entering or deletion. 
Switch light goes on when pressed and remains 
lit until CONTROL PANEL CLEAR or MAL­
FUNCTION ENTER or CLEAR switches are 
actuated and negation of " not available" is estab­
lished. Legends are allocated a lphabetically . 
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Table 1-58. MALFUNCTION INSERTION UNIT, Panel Controls and Displays (cont) 

Control or Display 

CODE SELECT keyboard 

CONTROL PROGRAM switch 
light 

MALFUNCTION ENTER and 
CLEAR switch lights 

CONTROL PANEL CLEAR 
switch light 

Function 

Permits selection of three-digit malfunction 
code, which, when used with SYSTEM SELE CT, 
switch lights, enables instructor to address 
individual malfunction for subsequent entering 
or deletion. Code selected is displayed in dis­
played in VERIFY REG readout {filled from left 
to right sequentially). Code remains se lected 
until CONTROL PANEL CLEAR switch or 
MALFUNCTION ENTER or CLEAR switches are 
actuated and negation of "not available" is estab­
lished. 

Permits instructor to enter or delete control pro­
gram malfunction (that is event - or time­
dependent activation, rather than activation 
directly upon entering) . Same malfunction can 
be inserted either directly or as control program. 
When pressed, switch light goes on and remains 
on until CONTROL PANEL CLEAR switch or 
MALFUNCTION ENTER or CLEAR switches are 
actuated and negation of "not available" is 
established. 

Permit instructor to enter and delete individual 
malfunctions, identified by the SYSTEM SELECT 
and CODE SELECT keyboards. When pressed, 
switch light goes on and remains on until CONTROL 
PANEL CLEAR switch is actuated or negation of 
"not available" is established. 

Actuation results in the following: 

• SYSTEM SELECT switch is deenergized 

• ALL SYSTEMS CLEAR switch is deenergized 

• VERIFY REGISTER becomes blank 

• NOT AVAILABLE/INVALID INSTRUCTION 
light goes off 

• ENTER and CLEAR MALFUNCTION switches 
are deenergized and go off 

• CONTROL PROGRAM switch is deenergized 
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Table 1-59. PARAMETER CONTROL Panel, Controls 

Control 

PARAMETER CONTROL 

SELECT switch 

DISPLAY switch light 

(Placard) 

Function 

Permits instructor to select any 1 of 12 preprogrammed parameters 
for display. Instructor must decide, in advance of training mission, 
which 12 parameters he would like to have available and program 
selector accordingly. 

Permits instructor to activate display of parameter selected. Light 
remains on until switch is actuated second time. Display then goes 
blank. When display is actuated, any 1 of 12 parameters can be 
displayed by selecting parameter with SELECT switch. 

This placard is for abbreviated notes to aid instructor in identifying 
12 predetermined parameters and their switch positions. Notes 
are to be written on placard, with grease pencil. 

1. 9. 36 COMM INTERFERENCE PANEL. (See figure 1-79.) 

The COMM INTERFERENCE panel enables control and insertion of variable amounts of noise distortion 
into the voice communications channels. The controls of the COMM INTERFERENCE panel are listed , with 
their function , in table 1-60. 

1. 9. 37 RECORDERS PANEL. (See figure 1-79.) 

The RECORDERS panel contains the instructor's control switches for the two X-T r ecorders , the two X-Y 
plotters, and the voice recorder. The controls and displays of the RECORDERS panel are listed, with their 
function, in table 1-61. 
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Table 1-60. COMM INTERFERENCE Panel, Controls 

Control 

VHF/ AM switch lights 

GARBLE 

OFF-MAX control 

NOISE 

OFF-MAX control 

S-BAND switch lights 

GARBLE 

OFF-MAX control 

NOISE 

OFF-MAX control 

Function 

Permit instructor to vary intensity of garble and 
noise and to introduce selected amount of garble 
and noise into VHF / AM communications channel. 
Garble consists of distorting and clipping audio that 
is being routed to astronauts' headsets. For noise, 
white noise is mixed with audio, which is then 
routed to headsets. Switch light goes on when poten­
tiometers are not in detented OFF position. 

Function in manner described for VHF/ AM 
GARBLE and NOISE controls, except that they 
introduce interference into S-band communications 
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Table 1-61. RECORDERS Panel, Controls and Displays 

Control or Display 

VOICE 

VOX RECORD switch light 

CONT RECORD switch light 

REPLACE REEL light 

X-Y Plotters 

NO. 1 

PEN 1 DOWN switch light 

PEN 2 DOWN switch light 

NO. 2 

PEN 1 DOWN switch light 

PEN 2 DOWN switch light 

X-T Recorders 

NO. 1 

NO. 2 

NO. 3 

READY ·t h 1· ht START SWl C 1g S 

MARK switch lights 

Funtion 

When pressed, recorder records all audio that 
exists at each astronaut's headset and astronaut's 
voice during voice transmission only. 

When pressed, recorder records all audio that 
exists at each astronaut's headset and astronaut's 
voice on continuous record basis. 

Indicates that one of the two tape reels in audio tape 
recorder must be replaced with fresh tape 

X-Y plotters are dual-arm, dual-pen X-Y position 
plotters. 

When pressed, these switch lights cause the pens to 
fall to plotting surface. When pressed a second 
time, pens lift from plotting surface. Light goes on 
when pens are down. 

X-T recorders are time history plotters. Twelve 
chart speeds are available. Writing method is 
pressurized fluid. Each unit has two event channels 
and eight analog channels. Analog channels are 
under computer control. Event channels, designated 
here as left and right, can be set up for remote in­
structor control. The functions of the following 
switch lights refer to the event channels in the remote 
mode. 

READY indicates that power is on at recorde r and 
that recorder is set up for remote ope ration . 
Switch starts and stops time drive of plotter when 
in READY condition. START li l~ht goes on when 
switch is pressed to start plotter and r emains on 
until pressed a second time. 

Used by instructor to mark event to facilitate later 
reference. Left and right sides of time history plot 
a r e marked simultaneously. Time marks occur 
automatically. 

1. 9. 38 ELECTRICAL POWER CONTROL PANEL. (See figure 1-80.) 

The ELECTRICAL POWER CONTROL panel contains r epeate r lights and indicators of the corresponding 
LM switch positions, ECS flags, instrument readouts , and component caution indicators. The displays of the 
ELECTRICAL POWER CONTROL panel are listed, with their function, in table 1-62. 

1. 9. 39 COMMUNICATIONS PANEL. (See figure 1-81.) 

The COMMUNICATIONS panel contains repeaters lights of the switch positions and warning flag on the 
corresponding System Engineer's COMMUNICATIONS side console panel in the LM. The displays of the 
COMMUNICATIONS panel are listed, with their function, in table 1-63. 
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ELECTRICAL POWER CONTROL 
.-------DESCENT POWER-----------ASCENT POWER---­

r--BAT ~~,--BAT 6 ------
BAT BAT BAT BAT DES NORMAL BACK·UP NORMAL BACK-UP 

I 2 3 4 BATS FEED FEED FEED FEED 

l~l~l~l~I ~ l~l~l~l~I 

ON ON ON ON --- --- --- ---
OF'F'/llll!SET 0'1/IUS(T O,,,,,u:sn OFF'/RESET 

0 0 

CONNECT 

AUTO TRNFR 

ENAB LE 

INHIBIT 

ON ON ON ON 

OFF'/"ESE:T 0"/RESET Of'F'/RUET Of'f'/R[9(T 

AC PWR 

Figure 1-80. Electrical Power Control Panel 
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Table 1-62. ELECTRICAL POWER CONTROL Panel, Displays 

Display Function 

DESCENT POWER 
BAT 1 status flag repeaters 

Gray display Indicates descent battery No. 1 is on line 

Barber-pole display Indicates descent battery No. 1 is off line 

BAT 2 status flag repeaters 

Gray display Indicates descent battery No. 2 is on line 

Barber-pole display Indicates descent battery No. 2 is off line 

BAT 3 status flag repeaters 

Gray display Indicates descent battery No . 3 is on line 

Barber-pole display Indicates descent battery No. 3 is off line 

BAT 4 status flag repeaters 

Gray display Indicates descent battery No. 4 is on line 

Barber-pole Indicates descent battery No. 4 is off line 

ASCENT POWER 
BAT 5 NORMAL FEED 
status flag repeaters 

Gray display Indicates ascent battery No. 5 is connected to Systems 
Engineer's bus 

Barber-pole display Indicates ascent battery No . 5 is dis connec ted from Systems 
Engineer's bus 

BAT 6 NORMAL FEED 
status flag repeaters 

Gray display Indicates ascent battery No. 6 is connected to Commander's 
bus 

Barber-pole display Indicates ascent battery No. 6 is disconnected from Com-
mande r's bus 

BAT 5 BACK UP FEED 
status fl ag r epeaters 

Gray display Indicates a scent batte r y No . 5 is connec ted to Co m mander's 
bus 

Barber-pole display Indicates asce nt batte ry No. 5 is disconnect ed from Co m-
mander's bus 

BAT 6 BACK UP FEED 
status flag repeaters 

Gray display Indicates a scent battery No. 6 is connec ted to Syste ms 

• Engineer's bus 

Barbe r -pole display Indicates a scent batte ry No. 6 is disconnec ted from Syste ms 
Engineer's bus 
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Table 1-62. ELECTRICAL POWER CONTROL P anel, Displays (cont ) 

Display 

DESCENT POWER DES BATS 
deadface status flag repeaters 

Gray display 

Barber-pole display 

Voltmeter repeater 

Ammeter repeater 

DESCENT POWER 
BAT 1 HIGH VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

BAT 2 HIGH VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

BAT 3 HIGH VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

BAT 4 HIGH VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

BAT 1 LOW VOLTAGE 
switch r epeater lights 

ON 

OFF/ RESET 

BAT 2 LOW VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

Function 

Indicate whether descent stage deadface has been accomplished 

Indicates descent batteries are connected to ascent stage 

Indicates descent batteries are disconnected and deadfaced 

Indicates voltage of each of six batteries in EPS, and Com­
mander's and Systems Engineer's d-c bus and a-c bus 
voltages, as selected by POWER/ TEMP MON switch 

Indicates current flowing through each of six batteries in EPS, 
as selected by POWER/ TEMP MON switch 

Indicate control of high-voltage output from descent battery 
No. 1 

Indicates high-voltage battery tap is on line 

Indicates high-voltage battery tap is disconnected from line 

Indicates high-voltage battery tap is on line 

Indicates high-voltage battery tap is disconnected from line 

Indicate control of high-voltage output from descent battery 
No. 3 

Indicates high-voltage batte r y tap is on line 

Indicates high-voltage battery tap is disconnec ted from line 

Indicate control of high-voltage output from descent battery No. 4 

Indicates high-voltage battery tap is on line 

Indicates high-voltage battery tap is disconnected from line 

Indicate control of low-voltage output from descent batte r y 
No. 1 

Indicates low-voltage battery tap is on line 

Indicates low-voltage batte ry tap is disconnected from line 

Indicate control of low-voltage output from des cent batte ry 
No. 2 

Indicates low-voltage battery tap is on line 

Indicates low-voltage battery tap is disconnected from line 
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Table 1-62. ELECTRICAL POWER CONTROL Panel, Displays (cont) 

Display 

DESCENT POWER (cont) 

BAT 3 LOW VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

BAT 4 LOW VOLTAGE 
switch repeater lights 

ON 

OFF/ RESET 

DES BATS deadface switch 
repeater lights 

CONNECT 

DEADFACE 

ASCENT POWER 
BAT 5 NORMAL FEED 
switch repeate r lights 

ON 

OFF/ RESET 

BAT 6 NORMAL FEED 
switch repeater lights 

ON 

OFF/ RESET 

BAT 5 BACK UP FEED 
switch r epeater lights 

ON 

OFF/ RESET 

BAT 6 BACK UP FEED 
switch repeater lights 

ON 

OFF/ RESET 

Function 

Indicate control of low-voltage output from descent battery 
No. 3 

Indicates low-voltage battery tap is on li ne 

Indicates low-voltage battery tap is disconnected from line 

Indicate control of low-voltage output from descent battery 
No. 4 

Indicates low-voltage battery tap is on line 

Indicates low -voltage battery tap is disconnected from line 

Indicate interruption of power from descent batteries to 
ascent stage 

Indicates power is delivered from descent batteries to ascent 
stage 

Indicates deadfacing relays are energized, isolating descent 
batteries on ascent stage side of staging guillotine 

Indicate control of connection of ascent battery No. 5 to 
distribution bus 

Indicates ascent battery is connected to bus 

Indicates ascent battery is disconnec ted from bus; ECA 
contactors made r eady for overcurrent protection 

Indicate control of connection of ascent battery No . 6 to 
distribution bus 

Indicates ascent battery is connected to bus 

Indicates ascent battery is disconnected from bus; ECA 
contactors made r eady for overcurrent protection 

Indicate control of connection of ascent battery No. 5 
to alternate feed bus 

Indicates ascent battery is connected to bus 

Indicates ascent battery is disconnec ted from line; EC A 
contactors made ready for overcurrent protection 

Indicate connection of ascent battery No. 6 to alternate 
feed bus 

Indicates ascent battery is connected to bus 

Indicates ascent battery is disconnec ted from line; ECA 
contactors made r eady for overcurrent protec tion 
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Table 1-62. ELECTRICAL POWER CONTROL Panel, Displays (cont) 

e .---------r------- ------, 
Display 

AC PWR switch repeater lights 

INV 1 

INV 2 

POWER/ TEMP MON switch 
repeater lights 

1 

2 

3 

4 

5 

6 

CDR 

AC 

SE 

ASCENf POWER AUTO TRNFR 
switch repeater lights 

ENABLE 

INHIBIT 

BAT FAULT component 
caution light r epeater 

Function 

Indicate control of a-c power to a-c bus 

Indicates inverter No. 1 is supplying power to a-c bus 

Indicates inverte r No . 2 is supplying power to a-c bus 

Enable monitoring of voltage, current, and temperature of 
EPS power sources and distribution buses, using voltmeter, 
ammeter, and BAT FAULT component caution light 

Indicates voltage, current, and temperature of descent battery 
No. 1 are monitored on voltmeter, ammeter, and BAT FAULT 
component caution light r e spectively 

Same as for 1, for descent battery No . 2 

Same as for 1, for desc ent batte ry No . 3 

Same as for 1, for descent battery No. 4 

Same as for 1, for ascent battery No. 5 

Same as for 1, for ascent battery No . 6 

Indicates voltage of Commander's d - c bus is displayed on 
voltmeter . 

Indicates voltage of a-c bus is displayed on voltmeter. 

Indicates voltage of Systems Engineer's d-c bus is displayed 
on voltmeter . 

Indicate automatic switchove r whereby both ascent batteries 
energize buses if two or more descent batteries fail 

Indicates ascent batteries energize buses 

Indicates connection of r emaining good descent batteries and 
powering LM from CSM 

Lights when malfunctioning battery is s e lected with POWER/ 
TEMP MON switch 

1. 9. 40 COMMUNICATIONS ANTENNAS PANEL. (See figur e 1-81.) 

The COMM UN ICATIONS ANTENNAS panel contains r epeater indicat ors and lights of the LM antenna 
pattern indicators and panel switch positions . Two met.er move ments a lso indicate the control positions for 
a ntenna-direct ing knobs. The displays of the COMMUNICATIONS ANTENNAS panel are listed , wi th their 
functions in table 1-64. 

1. 9. 41 ECS VALVE POSITION INDICATORS PANEL. (See fi gure 1- 82.) 

The ECS VALVE POSITION INDICATORS pane l displays the positions of the ECS manually contro lled va lv es. 
Cabin and suit temperature control settings are also displayed on the pane l. The displays of the ECS 
VALVE P OSITION INDICATORS panel are listed , with the ir fun ction, in table 1--65. 
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Figure 1- 81. COMMUNICATIONS and COMMUNICATIONS ANTENNAS Panels 
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Table 1-63. COMMUNICATIONS Panel, Displays 

Display Function 

RECORDER TAPE status flag Indicates status of audio tape recorder in data storage electronics 
repeater assembly (DSEA) 

Gray display Indicates that tape in DSEA is moving and voice is being recorded 

Barber-pole display Indicates that tape iri DSEA is not moving and voice is not being 
recorded 

S-BAND FUNCTIONS RANGE/ Indicates selection of tracking and ranging or TV function for 
TV switch repeater lights transmission via S-band equipment 

RANGE Indicates PM transmitter is transmitting received coded 
pseudorandom noise signals back to earth 

TV Indicates FM transmitter is transmitting video data back to earth 

S-BAND PWR AMPL switch Indicate selection of either of two redundant amplifiers used with 
repeater lights S-band equipment 

PRIM Indicates approximately 18. 6 watts of RF power through primary 
stage 

SEC Indicates approximately 14 . 8 watts of RF power through second-
ary stage 

T/ M BIO MED switch repeater Indicate crew station hardline biomedical data to be sent to - lights earth via S-band 

LEFT Indicates hardline biomed data are fed from Commander's 
station 

RIGHT Indicates hardline biomed data are fed from Systems 
Engineer's station 

S-BAND FUNCTIONS PCM/ KEY 
switch repeater lights 

PCM Indicates routing of telemetry data to PMP for transmission 
via S-band equipme nt 

KEY Indicates PM s ection of s e lec ted S-band transmitte r is enabled , 
d-c powe r is applied to PMP emergency key gating c ircuitry, 
and PTT s witc hes on ECS umbilicals and attitude controllers 
are enabled to se rve as Morse code keyers for e me r gency 
transmissions 

S-BAND MOD switch r epeate r 
lights 

PM IndicatE> s se!E>c ti on of phase -modulated transmiss ion mode of 
S-band transmitte r 

FM Indicates se lec tion of fr equenc y-modulated transmis sion mode 
of S-band trans mitter 
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Table 1-63. COMMUNICATIONS Panel, Displays (cont) 

Dlsplay Function 

S-BAND FUNCTIONS VOICE/ 
VOICE BU switch repeater 
lights 

VOICE Indicates selection of normal voice function for transmission 
via S-band equipment 

VOICE BU Indicates automatic selection of PM section of S-band trans-
mitter (regardless of setting of S-BAND MOD switch) to 
transmit voice directly on carrier, bypassing PMP 

VHF A XMTR switch repeater 
light 

ON Indicates application of 28 volts de to transmitter 

S-BAND XMTR/ RCVR switch 
repeater lights 

PRIM Indicates application of 28 volts de to primary redundant 
XMTR/RCVR combination 

SEC Indicates application of 28 volts de to secondary redundant 
XMTR/RCVR combination 

VHF A RCVR switch repeater 
light 

ON Indicates application of 28 volts de to rec e ive r 

RECORDER switch repeater 
light 

ON Indicates application of 28 volts de to DSEA 

VHF B XMTR switch repeater 
lights 

VOICE Indicates application of 28 volts de to transmitter and activates 
data mute circuit 

DATA Indicates application of 28 volts de to transmitter and ac tivates 
voice mute circuit 

T/ M PCM switch repeater 
lights 

HI Indicates s e lection of high-bit-rate (51, 200 bits pe r s econd ) 
mode of operation in PCMTEA 

LO Indicates s e lection of low-bit-rate (1, 600 bits pe r s econd ) 
mode of operation in PCMTEA 

VHF B RCVR switch repeater 
light 

ON Indicates applica tion of 28 volts de: to r ec e ive r 
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Table 1-64. COMMUNICATIONS ANTENNAS Panel, Displays 

Display 

PITCH slew control 
repeater indicator 

YAW slew control 
repeater indicator 

SIGNAL STRENGTH indi­
cator repeater 

PITCH indicator repeater 

YAW indicator repeater 

TRACK MODE switch 
repeater lights 

AUTO 

SLEW 

S-BAND antenna switch 
repeater lights 

1 

2 

SLEW 

LUNAR STAY 

VHF antenna switch 
repeater lights 

PLSS TEST 

1 

2 

EVA 

Function 

Indicates positioning of S-band steerable antenna, 
through synchro transmitter , in pitch axis 

Indicates positioning of S-band steerable antenna, 
through synchro transmitter, in yaw axis 

Displays intensity of S-band signals received from 
earth. When peaked, it indicates that S-band 
steerable antenna is pointing at earth. 

Displays pitch angles of S-band steerable antenna 

Displays yaw angles of S-band stee r able antenna 

Indicate selection of control mode by which S-band 
steerable antenna is positioned 

Indicates application of 28-volt de and 115-volt, 
400-cps ac to S-band steerable antenna 

Indicates application of 28-volt de and 115-volt, 
400-cps ac to S-band steerable antenna 

Indicate selection of S-band antenna for communica­
tion with earth 

Indicates selection of omnidirectional antenna No. 1 

Indicates selection of omnidirectional antenna No. 2 

Indicates selection of S-band steerable antenna 

Indicates se lee ti on of S-band erectable antenna for 
use during luna r stay 

Indicate selection of VHF antenna or EVA equipment 
preegress checkout 

Not used for LM 2 ( In LM 2, PLSS TEST and 1 switch 
positions a r e combined .) 

Indicates se lection of VHF a ntenna No. 1 

Indicates se lec tion of VHF antenna No. 2 

Indi cates selection of EVA antenna for VHF communica ­
tion between EV A and LM 

.__) 
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Table 1-65. ECS VALVE POSITION INDICATORS Panel, Displays 

Display 

OXYGEN DESCENT 
valve repeater lights 

OPEN 

CLOSED 

OXYGEN ASCl and 
ASC2 valves repeater lights 

OPEN 

CLOSED 

OXYGEN PLSS FILL 
valve repeater lights 

OPEN 

CLOSED 

OXYGEN ARS PRESS 
REG A and REG B valves 
r epeater lights 

DIRECT o2 

CABIN 

EGRESS 

CLOSED 

WATER TANK SELECT 
valve repeater lights 

DESCENT 

ASCENT 

SEC 

SEC GLYCOL & SEC SUIT 
EVAP FLOW valve repeater 
lights 

Function 

Indicate condition of DES o2 valve in oxygen control module 
(OCM) 

Indicates DES o
2 

valve is open to permit flow of oxygen from 
descent oxygen tank to OCM 

Indicates DES o2 valve is closed 

Indicate condition of related #1 ASC o2 and #2 ASC o2 valves in 
OCM 

Indicates related ASC o2 valve is open to permit oxygen flow from 
ascent oxygen tank to OCM 

Indicates related ASC o2 valve is closed 

Indicates condition of PLSS FILL valve in OCM 

Indicates PLSS FILL valve is open to permit flow of oxygen to 
primary oxygen storage tank in PLSS 

Indicates PLSS FILL valve is closed 

Indicate condition of related PRESS REG A and PRESS REG B 
valve in OCM 

Indicates r e lated PRESS REG valve is in OPEN position to permit 
unregulated flow of oxygen into suit circuit (used when suit fans 
fail) 

Indicates related PRESS REG valve is in NORM position to permit 
regulated oxygen flow (5. 0 ± 0. 2 psia) to suit circuit (normal 
pressurized-cabin operation) 

Indicates related PRESS REG valve is in EGRESS position to permit 
regulated oxygen flow (3. 7 ± 0. 2 psia) to suit circuit (used when 
cabin is not pressurized) 

Indicates related PRESS REG valve is c losed 

Indicate condition of WATER TANK SELECT valve in water manage­
ment section 

Indicates WATER TANK SE LE CT valve is in DES position to permit 
descent water tank to provide water for primary boilers and for 
drinking 

Indicates WATER TANK SELECT valve is in ASC position to pe rmit 
both ascent water tanks to provide water for primary boilers and 
for drinking 

Indicates WATER TANK SELECT valve is in EMER position to pre­
vent water flow to primary boilers and to dive rt flow from wate r 
separators to emergency water boilers 

Indicate condition of SEC GLYCOL/ SEC SUIT EV AP FLOW valve 
in water manage me nt section 
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Table 1-65 . ECS VALVE POSITION INDICATORS Panel, Displays (cont) 

Display Function 

OPEN Indicates SEC GLYCOL/SEC SUIT EV AP FLOW valve is open to 
permit full water flow to secondary boiler and to emergency suit 
water boile r 

CLOSED Indicates SEC GLYCOL/SEC SUIT EVAP FLOW valve is closed to 
block flow to secondary boiler and to permit flow to suit water 
boiler (normal operation) 

PLSS/DRINK valve Indicate condition of PLSS/DRINK valve in water management 
repeater lights section 

OPEN Indicates PLSS/DRINK valve is open to supply water to water hose 
assembly 

CLOSED Indicates PLSS/ DRINK valve is closed 

SEP SELECT valve Indicate selection of one of two separators, which condense moisture 
repeater lights in gas by centrifugal action and vent this water to primary water 

boiler 

SEP 1 Indicates that WATER SE P SEL valve is in SEP 1 position to select 
water separator No . 1 

SEP 2 Indicates that WATER SE P SEL valve is in SEP 2 position to select 
water separator No. 2 

SUIT CIRCUIT CO2 CAN Indicate selection of one of two LiOH canisters that remove CO2 and 
SELECT valve repeater noxious gases from suit circuit gas 
lights 

PRIM Indicates that CO2 CANISTER SEL valve is in PRIM position to 
permit gas to be filtered through primary LiOH canister 

SEC Indicates that COz CANISTER SEL valve is in SEC position to 
permit gas to filtered thr ough secondary LiOH canister {permits 
replacement of primary canister) 

SUIT CIRCUIT CAN VENT Indicate momentary venting of related LiOH canister to reduce 
pushbutton repeater lights pressure and to facilitate removal 

PRIM VENT Indicates that primary LiOH canister VENT pushbutton is being 
pressed 

SEC VENT Indicates that secondary LiOH canister VENT pushbutton is be ing 
pressed 

SUIT CURCUIT AIR FLOW Indicate condition of related SUIT FLOW control valve 
CDR and SE valves repeater 
lights 

TORSO Indicates that related SUIT FLOW control valve is in TORSO 
position to permit half of oxygen flow to enter space suit at waist 
and half at helmet 

SUIT DISCON Indicates that related SUIT FLOW control valve is in SUIT DIS-
CONNECT position to shut off oxygen flow at suit connector , by-
passing pressure suit 

HELMET Indicates that related SUIT FLOW control va lve is in HE LMET posi -
tion to permit oxygen to enter spacesuit through four extremity 
ducts and leave through facepla te 
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Table 1-65. ECS VALVE POSITION INDICATORS Panel, Displays (cont) 

Display 

SIBT CIRCIBT TEMP 
CONT valve setting 
indicator 

SIBT CURCIBT RELIEF 
valve repeater lights 

OPEN 

AUTO 

CLOSE 

SIBT CffiCIBT CAB GAS 
RETURN valve repeater 
lights 

OPEN 

AUTO 

EGRESS 

SIBT CIRCIBT GAS DI­
VERTER valve repeater 
lights 

CABIN 

EGRESS 

CABIN FWD RELIEF 
and OVHD RELIEF valves 
repeater lights 

DUMP 

AUTO 

CLOSE 

CABIN REPRESS valve 
repeater lights 

MANUAL 

Function 

Indicates setting of suit temperature control valve that regulates 
suit curcuit temperature 

Indicate condition of SIBT CURCUIT RELIEF valve that prevents 
overpressurization of pressure suits 

Indicates SIBT CIRCUIT RELIEF valve is in OPEN position (manual 
override of automatic control) 

Indicates SUIT CURCUIT RELIEF valve is in AUTO position, to be 
controlled by aneroid sensor 

Indicates SIBT CIRCUIT RELIEF valve is in CLOSE position 
(manual override of automatic control) 

Indicate condition of CABIN GAS RETURN valve that returns cabin 
gas to suit circuit under normal operation or provides suit curcuit 
integrity under rapid cabin decompression. 

Indicates that cabin gas is fed back to suit circuit for revitalization 

Indicates that gas flows into, but not out of, suit circuit with use 
of one-way check valve 

Indicates override of one-way check valve, ensuring suit circuit 
integrity during unpressurized cabin operations 

Indicates condition of SUIT GAS DIVERTER valve (Valve has pro­
visions for automatic closure by signal from cabin pressure sensor 
when cabin pressure drops below 4. 6 psia. Valve also closes 
automatically when PRESS REG A and B controls are set to 
EGRESS.) 

Indicates that gas in suit circuit downstream of flow control valves 
flows into cabin (CABIN position is selected during open-faceplate 
operation, so that suit circuit will provide sufficient airflow to 
maintain oxygen level of cabin within limits.) 

Indicates that gas in suit circuit is prevented from passing into 
cabin 

Indicate condition of related relief and dump valve on each LM 
hatch (Valves provide means for cabin depressurization and cabin 
pressure relief.) 

Indicates override of AUTO position to permit astronaut to dump 
cabin pressure 

Indicates that valve acts automatically as pressure-relief device 
(Aneroid sensor valve causes valve to open at pressure of 5. 8 
psia or greater, thus bleeding excess cabin pressure) 

Indicates override of AUTO position to close and lock relief valve 
so that no gas can escape in event of failure of AUTO mode 

Indicate condition of CABIN REPRESS valve 

Indicates unregulated flow of oxygen into cabin from oxygen 
manifold 

.J 
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Table 1-65. ECS VALVE POSITION INDICATORS Panel, Displays (cont) 

Display 

AUTO 

CLOSE 

PRIM EV AP FLOW 
switch repeater lights 

OPEN 

CLOSE 

CABIN TEMP CONT 
valve setting indicator 

Function 

Indicates CABIN REPRESS valve responds to inputs from cabin 
pressure sensor . (AUTO mode is disabled if PRESS REG A 
and B valve controls are set to EGRESS or if one valve is set to 
EGRESS and the other valve is set to CLOSE. ) 

Indicates oxygen flow to cabin from oxygen manifold is prevented 

Indicates condition of PRIM EVAP FLOW valve that controls flow 
of water from water manifold to primary water boiler 

Indicates flow of water to primary water boiler 

Indicates flow of water to primary water boiler is shut off 

Indicate setting of cabin temperature control valve that regulates 
cabin temperature 

1. 9. 42 CSM CONTROL PANEL. (See figure 1-83.) 

The CSM CONTROL panel contains digital displays and pushbuttons to maneuver and control the simulated 
CSM (when AMS simulation integration is not required). The controls and displays of the CSM CONTROL panel 
are listed, with their function, in table 1-66. 

Table 1-66. CSM CONTROL Panel, Controls and Displays 

Control or Display 

ATTITUDE switch lights 

LOCAL HORIZ 

INERTIAL 

MANUAL 

FDAI CSM 

BEACON LIGHT switch 
light 

PWR TRNFR split-screen 
switch lights 

DOC/ SEP 

CAPTURE indicator 

PROBE CONTROL 
switch light 

Function 

Holds attitude of CSM constant with respect to local horizon. Hand 
controller is inoperative in this mode. Computer program maintains 
vehicle in local horizontal of near celestial body. 

This mode use s fixed angles in space as its r eference. Hand con ­
troller is inoperative in this mode. Computer program maintains 
CSM in inertial mode. 

Places CSM in manual mode and enable s hand controlle r so that 
instructor can maneuver CSM. In absence of command, CSM main­
tains its present inertial reference. 

Systems Enginee r Instructor 's FDAI indicates CSM attitude. 

Turns on fla shing docking light on CSM (in rendezvous and docking 
image generator) in EVDE 

Simulates power transfer from CSM to LM. Indicates that LM or 
CSM supply powe r 

Indicate s that distance from LM to CSM is such that probe capture 
is possible 

When pressed, CSM probe is retracted 
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Table 1-66. CSM CONTROL Panel, Controls and Displays (cont) - Control or Display Function 

TRANSLATION RA TE Permit instructor to select CSM position change rates along 
digital switches indicated coordinates 

X (FEET/SEC) 

Y (FEET/SEC) 

Z (FEET/SEC) 

INSERT 6 V switch lights Permit instructor to input selected X, Y, and Z rate changes to 
computer 

~f__JL±J 

CSM CONTROL 
,--ATTITUDE-----~ 

TRANSLATION RATE 
X y z 

[[IIJ] [[Ii] Iii 
FEET/SEC FEET/SEC FEET/SEC 

~ V ~ ~ 
LMS-1-44 

Figure 1-83. CSM CONTROL Panel 
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1. 9. 43 DEDA PANEL. (See figure 1- 84 . ) 

The DEDA panel is a fully operational repeater of the LM DEDA panel. It enables the instructor to input , 
or read out, guidance data. The controls and displays of the DEDA panel are listed, with their function, in 
table 1-67. 

AGS 
STATUS 

DEDA 

12241 
joPRERRll+S3SB2 I 

CJ□□□B 
□CJCJCJB 
8[][][]8 

EJ 

Figure 1-84 . DEDA Panel 
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Table 1-67. DEDA Pane l, Controls and Displays 

Cont r ol or Display Function 

QPR ERR indicator OPR ERR legend is illumina ted if incorrect numbe r of pushbuttons 
repeater are pre ssed for operation be ing performed , if + or - keys a r e not 

pressed first in entering data, and if "8" or "9" is used in entering 
address (which is limited to octal digits) 

Three-digit indicator Displays digits that identify abort electronics assembly (AEA) 
repeater computer address selected by astronaut via keyboard 

Five-digit indicator Displays data to be entered into AEA computer address displa yed on 
repeater three-digit indicator . Displays data selected for readout fr om AEA 

computer location identified on three-digit indicator, if READ 
switch is pressed 

Keyboard switch lights Enables instructor to enter necessary values (0 through 9) and signs 
(+and -) on three- and five - digit indicators 

CLR switch light Erases all numerals displayed on three- and five-digit indicators 
and cancels effect of HOLD switch 

ENTR switch light Enables instructor to enter data (set up on five-digit indicator) into 
AEA computer at address set up on three - digit indicator 

READ switch light Enables callup of AEA computer data from address set up on three-
digit indicator, for display on five - digit indicator 

HOLD switch light Enables interruption of updating of any continuously changing data 
displayed on five - digit indicator 

AGS ST A TUS switch lights Enables placement of AGS in any on of three states 

STANDBY Indicates application of full power to entire ASA and then places 
AEA in its warmup mode 

OPERATE Indicates application of full power to ASA and AEA 

1. 9. 44 TRUE TRAINEE ENVIRONMENT PANEL . (See figure 1-85.) 

The TRUE TRAINEE ENVIRONMENT panel enables the Suit Technician to monitor the swi tches , r egulators, 
and indicators that control the flight crew astronaut's suit pressure and temperature, and the cabin temper a ture. 
The controls and displays of the TRUE TRAINEE ENVIRONMENT panel are listed, with the ir func tion, in 
table 1-68. 

1.10 TELEMETRY CONSOLE - CONTROLS AND DISPLAYS. 

The te lemetry conso le monitors and controls the LMS te le me try subsyste m. The Te le metry Ins tructor can 
impos e malfunc tions on the PCM bit st:ream data from the LMS subsyste ms and can moni tor the r esulta nt ma l­
fw1 ctio ned data or the t rue data (with malfunction r e moved). Amme ters and binary indicator la mps monit or the 
status of the analog data and the bilevc l data outputs, r espec tive ly . Either type of data output can be monitored 
before or afte r ma lfunction insertion. Afte r a malfunction is inse rted , the true data can be monitored by 
pressing a FAULT (PRESS FOR TRUE ) switch . Te le me try malfuncti ons may be imposed upon the ana log data in 
the followin~ fo r ms: le vel change, fixed leve l substitution, drift rat e supe rposition, a nd channe l loss . Telem­
etry malfunctions may a lso be imposed upon a bile ve l ~r oup or di ~ital word in the fo rm of logic s ubs titution: 
tha t is , a 1 or a O may be substituted for any one or all of the e i~ht bits in a bilevel gr oup or digita l wor d. 

The 19 pane ls of the te le me try console (figure 1-9) a r e listed , with their fun ctions, in table 1- 5. A func -

•

iona l descr iption of the te le metry console pane l controls and dis plays is give n in pa ra t~r aphs 1. 10. 1 through 
.10. 9. 
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Figure 1-8 5. T RUE TRAINEE ENVIRONMENT Pane l 

1.10.1 CONSOLE LIGHTING, EMERGENCY, AND LAMP TEST PANELS . (See fi gure 1-86.) 

The controls and displays of the console li ghting , EMERGENCY, and LAMP TEST panels are 
listed, with their fW1 ction , in tables 1-69 throughl-7 1. 

LMS-1-45 
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Table 1-68. TRUE TRAINEE ENVIRONMENT Panel, Controls and Displays 

-.--------~-------------. Control or Display Function 

• 

1- 216 

LIFE SUPPORT PWR OFF 
indicator 

CDR and SE switch lights 

INCREASE 

HOLD 

DECREASE 

CDR and SE OUTLET 
PRESS indicators 

SIM t. P indicator 

MAINT PANEL CONT 
indicator 

CDR RATE (PSIG/ SEC) 
and SE RATE (PSIG/SEC) 
controls 

MAINT PANEL CONTROL 
switch repeate r lights 

SUIT TEMP 

CABIN TEMP 

CABIN TEMP indicator 

Indicates to Suit Technician that life support power is not available 
and, if life support power has failed (in sequence mode), that 
compressor No. 1 has automatically switched to utility power (if 
compressed air is used instead of building air). In this mode , air 
is not heated; this is a tempory backup mode to extend time ava ilable 
for corrective action (suit removal). 

Permit Suit Technician to control pressurization and depressur iza­
tion of flight crew astronauts' suits. INCREASE and DECREASE 
switches energize motor that drives valve in appropriate dir ection . 
HOLD switch deenergizes motor and indicates that pressure is not 
changing. Instructor can increase or decrea se pressure and hold 
pressure at any value. Pressure will not go below its minimum 
limit (0.1 psig) or above its maximum limit (3 . 9 psig). INCREASE 
and DECREASE remain pressed and lighted until pressure is 
driven to its limits or is "held" by Suit Technician. Switch lights 
are electrically interlocked. When control is at SUIT MAINTENANCE 
panel, switch lights at TRUE TRAINEE ENVIRONMENT panel re­
peat indications from that panel and vice versa. 

Displays true suit outlet pressure from Commander's suit to Suit 
Technicians 

Displays theoretical relative pressure difference between flight 
crew suit pressure and cabin pressure 

Indicates that SUIT TECH CONTROL switch on SUIT MAINTENANCE 
PANEL NO. 1, which transfers suit pressurization control to TRUE 
TRAINEE ENVIRONMENT panel, has not been actuated. Light goes 
on when maintenance panel has control. 

Permit Suit Technician to vary suit pressurization and depressuri­
zation rates from slow to fast as follows: 

Pressurization 

Depressurization 

Slow 

90 seconds 

30 seconds 

I NOTE I 

Fast 

45 seconds 

19 seconds 

Proper r ate scale switching occur s (throughout the range 
of the control) as a function of the INCREASE and DE­
CREASE switche s (directly above) being activated. 

Indicate that suit and cabin te mpe r ature is not under compute r con­
t r ol. Lights a re repeaters of switches on SUIT MAINTE NANCE 
PANEL NO. 1 

Indicates that suit temper ature is controlled manually 

Indicates that cabin tempe rature is controlled manua lly 

Displays true cabin temper ature 
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Table 1-68. TRUE TRAINEE ENVIRONMENT Panel , Controls and Displays (cont) 

Control or Display 

CDR and SE SUIT AIR 
FLOW CFM indicators 

CDR and SE SUIT OUT­
LET TEMP indicators 

Function 

Display true suit airflow 

I NOTE I 

Temperatures, pressures, and flow rates are auto­
matically limited to specific ranges. Meter dials may 
indicate greater ranges for convenience of dial marking, 
calibration, and standardization. 

Display true suit outlet temperatures 

CDR LOW FLOW and SE 
LOW FLOW indicator 
lights 

Indicate that suit airflow (to respective suit) has dropped below 8 
cfm 

I NOTI I 

Meters, indicator lights, and the indicator-light portion 
of switch lights operate at the maintenance panels 
(Suit Technician locations) at all times when the system 
is ene r gized . 

1.10. 2 CONSOLE COMMUNICATION SYSTEM (CCS KEYSET) PANEL. (See fibrure 1-87 .) 

The console communication system panel has a ke yset that enables the Telemetry Instructor to tie into the 
overall console communication system (CCS). The panel controls are listed, with their function, in table 
1-72. The console communication system is described in paragraph 1. 9. 2. 

1.10. 3 COMMUNICATIONS CONTROL PANEL. (See fi gure 1-87.) 

The communications control panel provides confe r ence a nd moniloring capability between personnel at the 
telemetry and instructor consoles. The controls of I.he communications control pane l are listed, with the ir 
function , in table 1-73. 

1.10. 4 TIME DISPLAYS PANEL. (See fig1.1 r e 1-88.) 

The data (Greenwich mean time, proble m time. and e lapsed time from separation) displayed on this panel 
are r epeat indications of those displayed at the instructo r console . The basis for the pr oblem time (Apollo 
or LM) is s e lected at the instructor console and is shown to the Telemetry Instructor on the TIME RE FERENCE 
indicator . The problem time readout is returned to the initial condition whe n the problem is r eset at the 
instructor console PROBLEM CONTROL panel. The TIME DISPLAYS panel displays are listed, with their 
fw1ction, in table 1-74. 

1.10. 5 TRANSMISSION STATUS PANEL. (See figure 1-88.) 

This panel permits the T ~lemetry Instructor to select the type of biomedical data desired fo r transmission, 
and to monitor indicator lamps that display the status of telemetry and biomedi ca l transmission modes. The 
TRANSMISSION STATUS panel controls and displays are listed , with their function. in table 1-75. 
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Figure 1-86. Console Lighting, EMERGENCY and LAMP TEST Panels 

Table 1-69. Console Lighting Panel, Controls 

Control Function 

INDICATOR INTENSITY Permits simultaneous adjustment of illumination intensity of all 
control telemetry console indicator lights by varying d-c voltage to lamps 

FLOOD INTENSITY Permits simultaneous adjustment of illumination intensity of all 
control fluorescent lights in telemetry cabinet hood by varying a-c voltage 

to lamps via autotransformer 

Table 1-70. EMERGENCY Panel, Control and Display 

Control and Display 

EMER STOP alternate­
action switch light 

Function 

Permits emergency removal of all power, except 115-volt, 60-cps 
utility power, in LMS. Light goes on when switch is actuated. 
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Table 1- 71. LAMP TEST Panel, Control 

Control Function 

LAMP TEST mome ntary- Pe rmits simultaneous test of all indicator lights on telemetry 
action pushbutton console 
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Figure 1-87. Console Communications Syste m (CCS Keyse t) 
and Communicat ions Control Panels 

, _ 1i (I -~ ' t't • .~ • 
CD ·- -- ~- ..,... ,..: CC' :r, er 

0 

0 

LMS-1-130 

1-219 



LMA790-2-LMS 

Table 1-72. Console Communications System (CCS Keyset) Panel, Controls 

- ,-----------,---------------, 
Control Function 

1-220 

LMS VHF-2 
monitor key 

LMS VHF-1 
monitor key 

TM -1 talk/ listen 
and monitor keys 

TM- 2 talk/ listen 
and monitor keys 

SIM TRACK 1 
talk/ listen key 

ST key 

LMS ASTRO-1 
monitor key 

LMS ASTRO-2 
monitor key 

LIL talk/ listen 
and monitor keys 

ML talk/ listen 
and monitor keys 

CL talk/ listen key 

GOSS CONF 
monitor key 

M.A. key 

BUZZER CUT-OFF 
key 

RlNG key 

RELEASE key 

Enables Telemetry Instructor to monitor simulated LM 
VHF-B communications loop 

Enables Telemetry Instructor to monitor simulated LM 
VHF-A communications loop 

Provide conference capability between LMS Telemetry 
Instructor and MCC telemetr-y personnel, and monitoring 
of loop (T / M communications loop 1) 

Provide conference capability via T/ M communications 
loop 2 between LMS Telemetry Instructor and MCC 
telemetry personnel, and monitoring of loop 

Provides conference capability via simulator tracking loop 
between LMS instructors and simulator control area (SCA) 
personnel 

Provides conference capability via simulator telemetry 
communications loop between Telemetry Instructor and 
SCA personnel 

Enables Telemetry Instructor to monitor communications 
between Commander and LMS instructor console personnel 

Enables Telemetry Instructor to monitor communications 
between Systems Engineer and LMS instructor console 
personnel 

Provide conference capability via LMS instructors communi­
cations loop between LMS instructors, and monitoring of loop 

Provide conference capability (for purpose of maintaining 
LMS) via maintenance loop between LMS instructors, LMS 
Mission Coordinator, and computer complex personnel, and 
monitoring of loop 

Provide conference capability via computer loop between 
LMS instructors, LMS Mission Coordinator, and computer 
complex personnel 

Enables Telemetry Instructor to monitor communications 
with Goddard Space Flight Center, Greenbelt, Maryland, 
thereby tying LMS co mmunications into the Manned Space 
Flight Network (MSFN) 

Provides for simultaneous access to two or three selected 
talk/ listen loops 

Stops buzzer operation 

Establishes buzzer signal on LMS complex and selected 
intersite loops al'ter appropriate talk/ listen key is pressed 

Releases established talk/ listen key 

__) 
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Table 1-73. Communications Control Panel, Controls 

Control Function 

TALK/ LISTEN jack Accepts plug-in headset/ microphone combination 

LISTEN ONLY jack Accepts plug-in monitor headset 

CCS VOLUME control Adjusts volume of sound in headset 

Table 1-74 . TIME DISPLAYS Panel, Displays 

Display 

GMT readout 

ELAPSED TIME FROM 
SEPARATION readout 

PROBLEM TIME 
readout 

LEM/ APOLLO 
indicator 

Function 

Displays days, hours, minutes, and seconds 
based on Greenwich mean time 

Displays elapsed time from separation of 
Command module from LM, in hours, minutes, 
and seconds 

Displays elapsed time from start of problem 
time in days, hours, minutes, and seconds 

Indicates LM or Apollo problem time mode. 
When LEM is lit, problem time refers to time 
elapsed from start of LM mission, based on 
initial condition setting . When APOLLO is lit, 
problem time is that of AMS . 

Table 1-75. TRANSMISSION STATUS Panel, Controls and Displays 

Control or Display Function 

S- BAND indicators 

HI/ LO Indicates that telemetry is being transmitted via 
split-screen S-band at high bit rate of 51. 2 kbs or low bit 
indicator rate of 1 . 6 kbs 

BIO light Indicates that biomedical data is being transmitted 
by S- band equipment 

BIO switch lights 

REAL/ PRE- REC Permits selection of real or prerecorded bio-
medical data for transmission to MCC 

LEFT/ RIGHT Permits selection of one of two prerecorded 
tracks of biomedical data when prerecorded data 
is being transmitted: indicates which fli ght c r ew-
member is data source when real biomedical data 
is bein~ transmitted 

VHF 

LO light Indicates that telemetry is being transmitted to 
MCC via VHF at low bit rate of 1. 6 kbs 
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1.10. 6 MALFUNCTION DISPLAY UNIT PANEL. (S<:>e figure 1-89.) 

Fifteen groups of s tatu8 displays on the MALFUNCTION DISPLAY UNIT panel inform the Telemetry Instruc­
tor of tJ11, s ta luH of the mal.functions inserted at the instructor consolP. Each group of status displays consists of 
five indicators . One of the indicators shows the status of the malfunction; another indicates the subsystem in 
which the maliunction has been inserted. The remaining three indicators display (by three decimal digits) the 
code number of the particular malfunction. An OVERFLOW display indicates malfunction insertion overflow. 
Because the malfunction display unit can only display the status of 15 malfunctions and the computer can accept 
an unlimited number, the number of inserted malfunctions in excess of 15 (1 to 11) appears in the OVERFLOW 
display. Malfunctions in excess of 26 are not indicated. When 1 of the 15 displayed malfunctions is cleared, 
the status of the malfunction shown as 16 on the OVERFLOW display is displayed in place of the cleared 
malfunction. All overflow malfunctions advance in status on the OVERFLOW display, reducing the overflow 
count by 1, unless the total number of malfunctions still exceeds 25. The MALFUNCTION DISPLAY UNIT 
panel displays are listed, with their function, in table 1-76. 

MALFUNCTION DISPLAY UNIT 

"'.ITtnJ STATUS !SYS CODE 

5 

STATUS isYSI CODE 

9

1 I I I I I 

STATUS lsvsl coDE 

13

1 I I I I I 
STATUS lsvsl cooE STATUS lsvsl CODE STATUS 1svs1 CODE STATUS svsl CODE 

2 I I I 1. I I 61 I I I I I 101 I I I I I 14 

STATUS 1svsl cooE STATUS 1svs1 CODE STATUS ~YSI CODE STATUS lsvsl CODE 

3

1 I I I I I 
,1 I I I I I II I I I I I I I~ I I I I I I 

STATUS ISYSI CODE 

~1 I I I I I 
s TATUS 1svs1 CODE STATUS ISYSI CODE 

8 I I I I I I 121 I I I I I 
OVERFLOW 

[I] 
LMS -l -131 

Figure 1-89. MALFUNCTION DISPLAY UNIT Panel 
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Table 1-76. MALFUNCTION DISPLAY UNIT Panel, Displays 

Display 

STATUS indicator 

SYS indicator 

CODE indicator 
(three digits) 

OVERFLOW indicator 
(two digits) 

Function 

Indicates status of control program and direct malfunction 
as follows: 

• T (white) is projected when time-dependent control 
program is enabled 

• E (white) is projected when event-dependent control is 
enabled 

• IMP (blue ) is projected 1 minute before activation of 
malfunction by time-dependent control program 

• ACT (amber) is projected when control program or 
direct malfunction is activated 

Displays designation of subsystem or section being mal­
functioned, as follows : 

AG (Abort guidance) 

CM (Communications) 

EC (Environmental control) 

ED (Explosive de vices) 

EP (Electric al power) 

IN (Instrumentation) 

PG (Primary guidance and navigation ) 

PR (Propulsion) 

RC (Reaction control) 

SC (Stabilization and control ) 

Displays code number of inse rted malfunctions 

Displays number of malfunctions in excess of 15, but not 
exceeding 26, that have been inserted simultaneously 

1.10. 7 BI-LEVEL GROUP & DIGITAL WORD MONITOR PANEL. (Sec fi gure 1-90. ) 

The e ight display and contro l gr oups assoc iat ed wit h this pane l e nable the Te lemetr y Inst ructor lo monitor , 
simultaneously, the s tatus of a ny 8 approximate ly 100 bi le ve l groups and di gita l word fu nct ions bei ng trans ­
mitt ed to MCC . The BI- LE VE L GROUP & DIGITAL WORD MONITOR pa ne l contr o ls '.I nd di s plays a r e li sted , 
wi th thei r fu nct ion , in ta ble 1-77. Blank placards on thi s pa ne l ma y be use d by the ins tructor lo te mpor a r i ly 
r ecord pertine nt information. (Use a grease pencil to writ e on placards .) 

For the di gita l r eadout to disp lay the data a ssoc iated with the se lec ted gr oup and bit numbe r , the inst ructor 
must press the DISP LAY switch assoc ia te d with th e app ropriat f' disp lay a nd cont ro l group combination. T he 
DISPLAY switch is not illu minated a uto ma tically whe n pressed; it is illuminated by an output from the compute r 
if t he control informati on has been accepte d. The digita l rf'adout displays thi s data until a new numbe r is 
dia led up and the DISP LAY switch is pressed a gain. Tlw FAULT (PRESS FOR TRUE) sw it ch is used in conjunc­
ti on with its assoc iate d d igital r eadout to inform the in s trul'l or wheth e r the di s played rli gita l r eadout is true or 
malfunctioned. T he FAULT (PRESS FOR TRUE) s witch lig ht goes on o nl y wlw n a ny of the bil eve l bits, g r oups , o r 

•
digital wor ds displaye_d have been malfunctioned by m eans of thf' bilf' vf' I :.;r oup a nd digita l wo rd ma lluncUon con­
trols, and the same b1level bits, gr oup , or ct1g1tal word has l>f'!'n dialed up on the b1leve l group and d1 g1ta l word 
monitor pane l. The FAULT (PRESS FOR TRUE) switc h li g- ht go t'son a s a r esult o f a comput f' r output. The pre m a l-
functione d va lue (true r eadout) is displayed when the FAULT (PRESS FOR TRUE) s wi tc h is presse d , a nd its 
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Table 1-77. BI-LEVEL GROUP & DIGITAL WORD MONITOR 
Panel, Controls and Displays 

Control or Display 

GROUP three -digit digiswitch 

DISPLAY switch light 

FAULT (PRESS FOR TRUE) 
switch light 

Binary indicator (eight-lamp 
data strip) 

Function 

Permits dial-up of bilevel group selected for dis­
play (Number of selected bilevel group is displayed 
on wheels of digiswitches.) 

Permits activation of associated eight-lamp binary 
indicator for group number selected by GROUP 
switch 

Lights when bilevel g roup has fault insertion. True 
reading (premalfunclioned group) is displayed on 
binary indicator when FA ULT switch is pressed. 

Simultaneously displays status of eight selected 
bilevel groups being transmitted to MCC. Bilevel 
condition ( on or off) is indicated for each of the 
eight bits, each representing status of discrete 
event. (In some cases, all eight bits represent 
status of a digital word.) 

I NOTE I 

Bilevel refers to the binary state of the indicator, whereby 
an on indication equals logic 1 (light goes on) and an off 
indication equals logic O (light goes off). 

light goes off . Values malfunctioned by MIU action at the instructor console are indicated at the telemetry con­
sole, on the MALFUNCTION DISPLAY UNIT panel. Values malfunctioned by MIU action do not cause the 
FAULT (PRESS FOR TRUE) switch light to go on. The group numbers of the bilevel bits or digital words being 
monitored appear on the GROUP digiswitch . Data to cor r e late the group numbers with the s pe cifi cs of the bi­
level data or digital work displayed (that is, subsystem, type, state, etc .) are in a table to pe rmit eva luating 
current status and localizing abnormal event indications . An abnormal r eadout can be the result of a malfunc­
tion introduced by the Telemetry Instructor , an MIU-introduced malfunction, or an improper fli ght crew 
response. 

1.10. 8 ANALOG CHANNEL MONITOR PANEL. (See figure 1-90.) 

The eight display and control groups associated with this pane l enable the Telemetry Instructor to monitor, 
simultaneously, the status of a ny 8 of approximately 500 analog data functions (maximum) being transmitted to 
MCC. The ANALOG CHANNEL MONITOR pane l controls and displays are listed, with their function , in table 
1-78. Blank placards on this panel may be used by the instructor to temporarily record pertinent information. 
(Use a grease pencil to write on placards.) 

For the voltmeter to display data associated with the selected channel number, the instructor must press 
the DISPLAY switch associated with the appropriate display and control group co mbination. The DISPLAY 
switch is not illuminated automatically when pressed; it is illuminated by an output from the computer , if the 
control information has been accepted. The voltmeter displays this data until a new number is dialed up :rnd the 
DISPLAY switch is pressed again. The FAULT (PRESS FOR TRUE) switch is used in conjunction with its 
associated voltmeter to inform the instructor whe the r the displayed analog fun ction is true or malfunctioned. 
The FAULT (PRESS FOR TRUE) switch light goes on only when the analog functi on has bet>n malfunctioned by 
means of the analog channel malfunction controls, and the same channel has been dialed up on the analog chan­
nel monitor panel. The FAULT (PRESS FOR TRUE) switch light goes on by an output from the computer. The 
premalfunctioned value (true readout) is displayed when the FAULT (PRESS FOR TRUE) switch is pressed and 
its light goes off. Values malfunctioned by MIU action at the instructor console a r e indicated at the telemetry 
console, on the MALFUNCTION DISPLAY UNIT panel. Values malfunctioned with the MIU do not cause the 
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Table 1-78. ANALOG CHANNEL MONITOR Panel. Controls and Displays 

Control or Display 

CHANNEL three-digit 
digiswitch 

FAULT (PRESS FOR TRUE) 
switch light 

DISPLAY switch light 

Voltmeter 

Function 

Permits dial-up of analog channel selected for di s­
play (Number of selected channel is displayed on 
wheels of digiswitches. ) 

Lights when analog data has fault insertion. True 
reading (premalfunctioned data) is displayed on 
voltmeter when FAULT switch is pressed. 

Activates associated voltmeter for analog channel 
selected by CHANNEL digiswitch 

Displays quantitative data (that is, fuel quantity, 
suit pressure) of eight selected analog functions 
being transmitted to MCC. Percent scale applies 
to both voltage scales (0 to 40 millivolts and O to 5 
volts); it eliminates need to calculate voltages as 
percentage of full voltage. 

FAULT (PRESS FOR TRUE) switch light to go on. The channel numbers of the analog lines be ing monitor ed 
appear on the CHANNEL digitswitches. Data to correlate the channel numbers with the spe cifics of an ana log 
function dis played (that is , subsyste m , type, range, quantity, etc) are in a table to permit e valuting current 
status and localiz ing abnormal event indications. An abnormal readout can be the result of a malfunction intro­
duced by the Telemetry Instructor , an MIU-introduced maliunction , or an improper crew response. 

-1.10. 9 BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION PANEL. (See figure 1-91.) 

The e ight control gr oups a ssociated with this panel enable the Telemetry Instructor to s imulate ma liunc­
tions of onboard equipme nt to the extent of imposing as many as 64 bileve l groups or 8 digital word maliunctions 
(of approximately 100 bilevel groups or digital words being transmitted to MCC). 

The three methods of imposing maliunctions are as follows: 

• Malfunction the entire group of eight bits on any, or all, of the control groups - In thi s case , the 
bit number specified by the single-digit BIT digiswitch is disregarded . 

• Malfunction any one of the bits within a bileve l group or digital word on any , or a ll , of the control 
gr oups - In this case , the group number, within which the desired bit falls , is dia led up togethe r 
with the bit number. 

• Malfunct ion as many as e ight bits within a bileve l gr oup or digital word - This necessitates us ing 
as many control groups as the re are different bits within the gr oup to be ma lfun cti oned . 

To malfunction six diffe r ent bits within a bileve l gr oup or digita l word , for examp le , r equir es the use of 
s ix contr o l gr oups . For each control group , the group numbe r within which the desired bit fa lls is dialed up 
togethe r with the bit numbe r. 

T o malfunc tion the se lected gr oup , bit , or bits , the Te le metry Instructor presses the EJ\.TER switch 
ass oc iated with the appr opriate control group combinations . The ENTER switch is lit as a r esult of a compute r 
output if the contro l information has been accepted. Once it is ente red , the malfunction a ssocia ted with the 
group numbe r cannot be changed until the CLEAR switch is actuated, afte r which new ma lfunction ass oc iated 
with the group numbe r may be dialed up, and the ENTER switch is pressed again. The sa me pr ocedure is 
necessary when a ma lfunction associated with a new channe l number is desir ed. Should the same gr oup (or the 
same bit within the same gr oup) be ente red on a second contro l 1-!,' r oup digitswitch, the latest entry pr evails and 
the earlier se le ction c lear s automatically. The appropria te CLEAR light goe s on when automat ic clear ing 

,A>ccurs. A malfunction is r emoved by pre ssing the appropriate CLEAR s witch. The compute r then causes the 
Wt:LEAR switch light to go on, the ENTER switch light to go off. and the previous ly ente r ed malfunc t ion to be 

r emoved. Bile ve l data, assoc iated with a group and bit numbe r , or digita l word data a s sociated with a gr oup 
numbe r dialed up on the malfunction panel, are transmitted to MCC unfault ed when the ENTER switch li ght is 
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off and the CLEAR switch light is lit. The same data , malfunctioned , are transmitted to MCC when the ENTER 
switch light is on and the CLEAR switch light is off . Data to correlate the gr oup and bit number s with the sp<'­
cifics of a di1,,rital function (that is, subsystem, type, state , etc) are in a reference table. Thi s table permits 
choi ce of the correct group and bit number (and type) to insert the desired malfunction a nd enables malfunct ion­
ing a digital word, consisting of one to five groups (8 to 40 bits), by approximately selecting and malfunctioning 
any of its composite groups. 

The Bl-LEVEL GROUP & DIGITAL WORD MALFUNCTION panel controls and displays are listed, with 
their function, in table 1-79. 

1.10.10 ANALOG CHANNEL MALFUNCTION PANEL. (See figure 1-91.) 

The eight control groups associated with this panel enable the Te le me try Ins tructor to simulate malfunc­
tions of onbaord equipment to the extent of imposing as many as eight malfunctions (of approxim ately 400 ana log 
data functions being transmitted to MCC). 

To malfunction the selected channel, the Te lemetry Instructor presses the ENTER switch associated with 
the appropriate control gr oup combinations. The ENTER switch is lit as a r esult of a compute r output if the 
control information has been accepted . Once it is entered, the malfunction associated with the chann t> l number 
cannot be changed until the CLEAR switch is actuated, after which a new malfunction associated with the chan­
nel number may be dialed up, and the ENTER switch is again pressed. The same procedure is necess ary when 
a malfunction associated with a new channel number is desired, except that, with the fault mode selected , the 
RATE/ LEVEL potentiometer may be rotated as desired to give the added capability of a step or rate (in case 

Table 1-79. BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION Panel, 
Controls and Displays 

Control or Display 

GROUP three -digit 
digiswitch 

BIT single -digit 
digisweitch 

GROUP/BIT split-screen, 
alternate-action switch 
light 

CLEAR momentary-action 
switch light 

ENTER mome~ary-ution 
switch light 

1/0 split-screen, alte rnate­
action switch light 

Function 

Permits dial-up of s elected bilevel g roups or digi ta l 
words (Selected numbers are displayed on wheels of 
digiswitches.) 

Permits dial-up of one bit within selected group for 
subsequent malfunctioning 

Permits malfunction to affect single bit within se ­
lected group or entire group. When GROUP lamp 
is lit, malfunction is directed to all eight bits, 
when BIT lamp is lit, malfunction is directed to only 
one selected bit. 

Permits removal of previous ly entered malfunction 
and indicates cleared condition 

Permits faulting of group (or bit ) selected formal ­
function and indicates when malfunction data has 
been accepted by computer 

Permits selection of either logic 1 level or logic 0 
level substitution as type of bilevel malfunc tion to 
be entered 

Logic 1 causes an on indication on the bilevel 
g roup and digital word monito r panel (binary 
indicator light goes on): logic O causes an off 
indication (binary indicator light goes off ). 
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of OFFSET or F1XED) or a change in rate (in case of DRIFT RATE). Should the same channel be entered on a 
second control group digits witch , the latest entry prevails and the ear lier selection clears automatically. The 

- appropriate CLEAR light goes on when automatic clearinl:{ occurs . A maUunction is removed by pressing the 
appropriate CLEAR switch. The computer then causes the CLEAR swit ch lig-hl to go on, the ENTER switch 
light to go off, and the previously entered maUunction to be removed. Analog data associated with a channel 
number dialed up on the malfunction panel are transmitted to MCC unfaulted when the ENTER switch light is off 
and the CLEAR switch light is lit. The same data, malfunctioned, are transmitted to MCC when the ENTER 
switch light is on and the CLEAR switch light is off. Data to correlate the channel numbers with the specifics 
of an analog function (that is, subsystem, type, range, quantity, etc) are in reference tables. These tables 
permit choice of the correct channel number and fault mode to insert the malfunction desired. 

The ANALOG CHANNEL MALFUNCTION panel controls and displays are listed, with their function, in 
table 1-80. 
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Table 1-80. ANALOG CHANNEL MALFUNCTION Panel, Controls and Displays 

Control or Display 

CHANNEL three -digit 
digiswitch 

FAULT MODE selector 
switch 

RATE/ LEVEL control 

CLEAR momentary-action 
switch light 

ENTER momentary-action 
switch light 

Function 

Permits dial-up of analog channel to be malfunc -
tioned (Selected numbers are displayed on wheels 
of digiswitches.) 

Permits selection of following malfunction modes to 
be imposed on analog data outputs: 

• DRIFT RATE V /SEC: Drift rate superposition; 
causes analog data output to drift at specific 
rate (between zero and +0. 5 volt per second), 
depending on scale factor selected (x0. 1, x0. 01, 
or x 0. 001) and setting of RATE/LEVEL control. 

• LEVEL VOLTS OFFSET: Voltage level substitu­
tion; causes analog data output to be offset within 
range of + or -5. 0 volts, depending on setting of 
RA TE/LEVEL control. Result of offset does not 
cause analog output to exceed +5. 0 volts or drop 
below zero volts. 

• LEVEL VOLTS FIXED: Substitution; causes 
analog data output to be replaced by fixed d-c 
level within range of 0 to +5 volts, depending 
on setting of RA TE/ LEVEL control 

• CHAN LOSS: Open-circuit simulation; causes 
all zeros to be transmitted for selected channel 

Permits assignment of quantitative values (0 to +5 
or -5. 0) to fault mode DRIFT RATE V / SEC and 
LEVEL VOLTS selection 

Permits removal of previously entered malfunction 
and indicates cleared condition 

Permits faulting of channel selected for malfunction 
and indicates when malfunction data has been ac­
cepted by computer 



2. 1. PURPOSE AND SCOPE. 

LMA790-2- LMS 

SECTION 2 

SUBSYSTEM SIMULATION 

This section contains information to familiarize the instructor with the methods used in the LMS to ac­
complish LM subsystem simulation. A brief description and flow or block diagram of each LM subsystem is 
presented. Specific reference is made, in each subsystem des cription, to Apollo Operations Handbook, 
LMA790-3- LM 2. This reference directs the reader to a detailed description of the LM subsystem . The brief 
LM subsystem description is followed by a description of the subsystem as simulated in the LMS. Each 
simulated-subsystem description is supported by a diagram that indicates data flow between the related LMS 
elements. 

2. 2 SUBSYSTEMS CON FIG URA TION. 

All LMS subsystems r ealistically simulate the LM-2 subsystems. 

2. 3 ENVIRONMENT AL CONTROL SUBSYSTEM. 

The LM Environmental Control Subsystem (ECS) provides two astronauts a completely controlled environ­
ment, with supplies of oxygen and water, for a maximum duration of 48 hours while the LM is separated from 
the CSM. (See figure 2- 1.) The 48-hour period includes flight, lunar stay, and a 9-hour orbital contingency. 
Oxygen and water for the portable life support system (PLSS) are provided by the ECS for lunar excursions of 
the extravehicula r astronaut (EVA). 

The ECS controls the oxygen , pressurization, ventilation, and temperature of the LM cabin and the space 
suits worn by the astronauts. The ECS provides oxygen for the space suits, cabin, and PLSS; limits the level 
of carbon dioxide; removes odors, moisture , and particulate matter from the oxygen breathed by the astronauts; 
and automatically controls the temperature of the electronics equipment. In addition, the ECS stores water for 
drinking, heating, cooling, food preparation, and the PLSS . 

Extensive sensing, warning , and protective devices, controls and displays, and automatically functioning 
components throughout the subsystem aid the astronauts in accurate and efficient operation of the ECS. Normal 
operation of the ECS requires monitoring the subsystem indicators and gages. Electrical and manual overrides, 
and backup or redundant capabilities provide alternate operation of the ECS , in the event of component failure. 

The major portion of ECS equipment is in the pressurized compartment of the ascent stage. A glycol 
loop, two water tanks, and two gaseous oxygen (GOX) tanks are in the aft equipment bay of the ascent stage; 
a third (larger) GOX tank and a third (larger) water tank are in the descent stage . Electrical protection of 
critical ECS components is provided by circuit breakers on the Commander's and Systems Engineer's upper 
side consoles . 

The ECS comprises an atmosphere revitalization section, oxyg·en cabin pressure section, a water manage­
ment section, a heat transport section, and a cold plate section. 

The atmosphere revitalization section (ARS) consists of a suit circuit that conditions oxygen for cooling and 
ventilating the pressure garment assemblies (PGA's) worn by the astronauts, and a cabin recirculation as­
sembly that provides ci rculation and temperature control of cabin oxygen. The suit cir cuit -::ontrols the carbon 
dioxide level of the atmosphere breathed by the astronauts, r e moves odors and noxious gases from the 
atmosphere, removes excess moisture from the atmosphere, and provides control of the gas temperature and 
the gas flow thr ough lhe PGA's. 

The oxygen cabin pressure section (OCPS) maintains cabin pressure by supplying oxygen at a rate equal to 
cabin leakage and astronaut consumption. The OCPS also allows for cabin depressurization and subsequent 
pressurization by the astronauts, maintains space s uit pressure during unpressurized-cabin operation, supplies 
oxygen to r eplenish the PLSS after lunar excur sions, protects against loss of cabin pressure in the event of a 
puncture of the pressurized shell, and protec ts against overpressurization of the cabin. 

The waler management s ec tion (WMS) storc~s waler for the metabolic needs of the astronauts, cabin e mer­
gency cooling , and for refilling the PLSS wate r tanks. The WMS consists of one water tank in the desc ent stage 
and two smaller wate r tanks in the ascent stage, wate r pressure regulators, check valves . shutoff valves . and 
interconnecting lubing. 
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The heat transport section (HTS) consists of a primary and s econdary c losed- loop system. l.::ach syslc•1H 

•

irculates a n ethylene glycol-water coolant to provide te mperature control of the elec tronic equipme nt. The 
rimary system also provides temperature control of the oxygen circulated through the cabin and the PGA's. 

The cold plate section (CPS) provides heat sinks for each piece of electronic equipment that r equires active 
heat control and cooling. 

Redundant circuits and components are provided to increase reliability. Power for the ECS is supplied 
from the LM Electrical Power Subsystem (EPS). The major portion of the ECS is integrated within a structural 
framework behind the crew stations in the cabin. A detailed description of the ECS is given in paragraph 2. 6 
of Apollo Operations Handbook, LMA790-3- LM 2. 

2. 3.1 ENVIRONMENTAL CONTROL SUBSYSTEM CONFIGURATION REFERENCE. 

The Environmental Control Subsystem of the LMS accurately simulates the LM-2 ECS. Major differences 
include a normal 1- g cabin environment for the LMS as opposed to weightlessness prevalent on an actual 
mission, and low air pressure applied to the astronaut PGA's within the LMS, to merely simulate suit inflation. 
Although the true training environment within the LMS does not extend to cabin pressurization or the full tem­
perature range found in space, the suit pressurization and the dual temperature control loops (cabin and space 
suit) do provide a realistic mission environment. 

2. 3. 2 SIMULATED ENVIRONMENTAL CONTROL SUBSYSTEM. (See figure 2-2.) 

2. 3. 2. 1 General. 

The heating, cooling, and ventilation requirements of the LMS cabin are generated externally of the crew 
compartment and ducted into the cabin and astronaut suit circuit connections. The temperature of the incoming 
air is controlled within a range of +72 ° ±15 °F by the crewmembers, by operating the simulated LM controls. 
The cabin pressure remains at normal room ambient throughout the entire training exercise. The suits can be 
inflated for periods of closed-faceplate operation. Inflation pressure does not exceed 3. 7 psig, the inflation 
time interval being approximately 1 minute; deflation usually takes less than half a minute. 

The following details are significant in the simulation of the ECS: 

• The LMS cabin area remains at normal room ambient pressure at all tim~s. 

• The space suits are inflatable, but are kept at a nominal pressure during closed-faceplate operations. 

• Crew heat outputs, carbon dioxide production, and oxygen consumption are considered constants in 
program computations. 

• All electrical power requirements are considered constant, except for the cabin fan and coolant 
pumps. 

• All space suit and cabin atmosphere requirements are supplied by conditioned air. 

• The oxygen inflow valves and flow limiters are represented by equations. These equations can be 
modified by instructor-ins erted malfunctions or crew settings. 

• PLSS refill quantity is computed as a function of time and pressure. 

• The cabin and suit temperature control valves are r epres ented in the computation of temperature 
commands to the e>..1:e rnal a ir-conditioning- and pressurization system. 

• Water tank depletion is computed, using water boiloff quantities derived from simulated heat inputs. 

2. 3. 2. 2 Simulation Methods. (See figure 2- 2. ) 

To provide the r ealistic instrum entation and control responses for the ECS. each of the major subsys tem 
parameters is calculated from a ma thematical expression programmed into the LMS computer. Comprehensive 
mathematical :rnalo~s a r e inc luded for each of the simulalC'd oxyg-en and water tanks, as well as their co mplex 
manifolding . The simulated coolant systems are also programmed to r <>flect the s yste m loads. as well as 
vehic le mission environme nt. All of these expressions include' digital tPrms for u{e Electrical Power Sub-

•

ys tem logic nee_ded _ to drive the various ECS hardware . Thoug-h the' true training- environm ent does not extend 
o cabin pressur1zat10n or the full temperature excursions found in space. the suit pressurization and the dual 

temperature control loops do provide a realistic training e nvironme nt. 
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All simulated LMS cabin gages indicate the simulated LM response to system controls rathe r than actual 
environmental conditions in the LMS cabin. The true cabin environmental conditions are displayed externally 
of the LMS cabin for safety monitoring by the instructors. PLSS use and recharging are simulated only to the 
extent of cabin system effects . Live lines (oxygen, water , electrical, etc) are not provided in the simulated 
ECS. 

LMS crew station controls and indicators, gross data flow, and instructor console controls and indicators 
(peculiar to the ECS) are shown in figure 2-2. All LMS cabin controls and indicators are located in the exact 
configuration of those in LM 2. Crew control inputs and subsystem output displays are continually monitored at 
the instructor console. Responses to the control inputs are displayed on the telemetry console, as well as in 
the LMS cabin and on the instructor console. The telemetry data for the simulated ECS are given in table 2-1. 
The Manned Space Flight Network (MSFN) symbols used in table 2-1 are identified in volume II. 

2. 3. 2. 2. 1 Space Suit Simulated Environment. 

The astronauts wear actual space suits in the LMS, providing realistic physical restrictions inherent in the 
pressure garment assembly (PGA), thereby affording ·essential practice in controlling the suit press urization . 
The pressure supplied for the suits is low-pressure air, which provides normal suit infla tion , without incurring 
any health or safety hazards. Space suit pressurization is controlled by a Suit Technician at the TRUE 
TRAINEE ENVIRONMENT panel on the instructor console. The LMS conditioned-air source is a bank of four 
1. 5-hp air compressors (of special oil-free design), which feed into a 30-gallon glass-lined reservoir. Special 
metal tubing is used extensively in the air supply plumbing to assure cleanliness and prevent buildup of foreign 
matter within the air system. Each compressor delivers approximately 13 cubic feet of air per minute at a 
maximum pressure of 35 psi. The compressor pressure regulators are set at staggered values to compensate 
for line pressure drops under increasing load demands. A mechanical relief valve is also included to vent 
inadvertent pressure buildup. 

The LMS electrical power used in maintaining the true trainee environment is supplied by a common life 
support power bus, which is continually monitored by an indicator light on the TRUE TRAINEE ENVIRONMENT 
panel. The four air compressors which may be used for suit pressurization are powered directly from this 
bus, although compressor No. 1 has an emergency changeover relay. If the life support power bus fails, com­
pressor No. 1 is automatically switched to a utility bus to assure a continued supply of air, thereby avoiding 
any discomfort due to rapid suit depressurization . (The utility power bus remains energized if the LMS 
emergency shutdown sequence is triggered.) The LMS cabin structure includes a maintenance panel for each 
PGA system. Illuminated control switches for the life support power are mounted on SUIT MAINTENANCE 
PANEL No. 1. The panel also has a master switch for the suit-pressurization air compressors . (In addition, 
the compressor cabinet bay includes individual shutoff switches for the four compressor motors.) Each com­
pressor includes a thermal overload breaker in addition to external hydraulic/ magnetic circuit breakers. A 
common 5-ampere magnetic circuit breaker in the LMS main power cabinet supplies the initial operating cur­
rent for all ECS control circuitry. 

Compressed air leaving the air reservoir passes through a heat exchanger in the LMS cabin ai r conditioner, 
where the air is chilled and dehumidified. Removal of carbon dioxide, odors, and noxious gas is controlled in 
the actual LM by lithium hydroxide canisters. These functions are simulated in the LMS by programmed equa­
tions in which saturation percentage is a function of time and computed carbon dioxide input. Changing 
simulated cartridges in the LMS cabin or switching to a fresh standby cartridge resets the saturation per­
centage to zero. The water separators, which condense and remove the water vapor in the LM, are simulated 
by programmed equations to provide water-quantity-removed logic and water-separator-fail logic. The 
conditioned air then passes through a 500-watt electrical heating unit , which constitutes the fina l temperature 
control (+50 ° to +90 °F) before admission to the space suits . The heater unit is normally under LMS computer 
control to accommodate the simulated ECS crew inputs. as well as to r eflec t the operational status of the simulated 
spacecraft system . The LMS suit loop exhausts to the ambient atmosphere so that the air is continuously 
renewed. The ECS contr ols in the LMS cabin are fully operational; the pressure suit t emperature and pressure 
displayed in the cabin are those calculated for a true space environment. However, the actual true pressure­
suit pressure and temperature are restricted to safe limits (0. 5 to 5 psi, and + 50° to + 90" F), and continually 
monitored at the instructor console. Two pressure indicators display the space suit outlet pressure for the 
Commander's and Systems Engineer's PGA. The TRUE TRAINEE ENVIRONMENT panel also includes dual 
readouts of the PGA outlet temperatures, covering the range of +30 ° to +130 °F. In addition, a backup +90 °F 
hi-limit thermostat is provided within the system as an additional safety device . 

Once the desired air temperature is obtained, the PGA air s upply passes through a final filter before 
reaching the pressure-regulation system. Each space suit maintenance panel contains a manual pressure reg-­
ulator, a pressure gage, and a flowmeter. The flowm eter indicates the r egulated flow rate of the air supply at 
the space suit inlets. The airflow through each pressure suit is also sensed at the pressure suit outlets. 1\110 

flowmeters on the TRUE TRAINEE ENVIRONMENT panel indicate airflow up to 14 cubic feet per minute (cfm) . 
When airflow through either c r ewma n' s suit drops below 8 cfm, one of two red warning lamps glows on the 
TRUE TRAINEE ENVIRONMENT panel. Simulated space suit pressurization (in an unpressurized cabin) is 
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Table 2-1. LMS Environmental Control Subsystem Telemetry Data 

e 
MSFN Range 

J 

No. Description Low Nominal High Unit or Type* 

GF1082 Secondary suit fan select cc 
GF1083 P r ime suit fan fail cc 
GF1084 Secondary suit fan fail cc 
GF1201 Suit inlet valve No. 1 cc 

closed 

GF1202 Suit inlet valve No . 2 cc 
closed 

GF1211 Suit pressure relief cc 
valve closed 

GF1212 Suit pressure relief cc 
valve open 

GF1221 Suit divider closed cc 
GF1231 Cabin gas return valve cc 

closed 

GF1232 Cabin gas return valve cc 
open 

GF1241 CO2 cartridge in cc 
secondary position 

GF1281 Suit in temperature +20 +120 o F 

GF1291 Suit No . 1 out +20 +120 o F 
temperature 

GF1292 Suit No . 2 out +20 +120 o F 
temperature 

J 

t 
GF1301 Suit out pressure 0 10 psia 

GF1521 CO2 partial pressure 0 30 mm Hg 

GF1651 Cabin temperature +20 +120 o F 
~ 
! 
; 
• 

GF2021 Prime pump ~ P 0 50 psia ►. 
! 

GF2041 Accumulator glycol low cc 
GF3071 OX regulator A valve cc 

closed 

GF3072 OX regulator A valve cc 
open 

GF3073 OX regulator B valve cc 
closed 

GF3074 OX regulator B valve cc 
open 

GF3081 Emergency OX man cc 
open 

GF3571 Cabin pressure 0 10 psia 

GF3572 Emergency OX valve cc 
open 

GF3582 Ascent OX No. 1 0 1, 000 psia 
pressure 

*CC = Contact closure. 
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Table 2-1. LMS Environmental Control Subs ystem Telemetry Data (cont) 

MSFN 
Range 

No. Description Low Nominal High Unit or Type* 

GF3583 Ascent OX No. 2 0 1, 000 psia 
pressure 

GF3584 Descent OX pressur e 0 3 , 000 psia 

GF3585 Ascent OX tank No. 1 0 +200 o F 

tem perature 

GF3586 Ascent OX tank No . 2 0 +200 , F 

temperature 

GF3 587 Des cent OX temperature 0 +200 o F 

GF3591 Safety valve No . 1 0 25 ps ia 
servo pressure 

GF3592 Safety valve No . 2 0 25 ps ia 
servo pressure 

GF4101 Ma in H2O regulator 0 2 psia 

l:,.2 p 

GF4511 Ma in W/ B in +20 +160 o F 

temperature 

GF4541 Suit W/ B in 0 100 % 
tem per a ture 

GF458 1 Descent H2O quantity 0 100 % 

GF4582 Ascent H2O No . 1 0 100 
(11 
10 

quantity 

GF4583 Asc ent H2O No. 2 0 100 a, 
,0 

quantity 

GF9997 Select pump discharge 0 60 psia 
pressure 

GF9998 Select W / B glycol +20 +120 o F 

temperature 

GF9999 Selec t H2O separator 500 3,600 r pm 
rate 

•cc = Contac t closur e . 

based on the difference between theoretical cabi n pressure and theor etical s uit pressure . Normally, the in­
structor manually adjusts the pressure of the two s uits to be propor tional to the theor etical r elative pressure 
differ ential. This diffe rential is calculated within the L MS compute r complex and displayed on the 6 P mete r of 
the TRUE TRAINEE ENVIRONMENT pane l. It is a lso possible to r egulate the s pace suit a ir press ures fro m the 
suit maintenance panels mow1ted on the LMS cabin bulkhead. The s pace s uit umbilicals include inlet a nd outlet 
hose lines . Suit pressure contr ol is maintained in the LMS by pa ir ed pr ess ure r egula tors : one , on the s uit 
inlet line; the other, on the s uit outlet line . A servomotor- dr iven pilot valve biases the ups tr eam r egulator , 
the r eby controlling its output pressure. The pilot valve outputs a r e dis played on each ma intena nc e pane l. 
Gages a lso monitor the actua l suit inlet pressure (a t the inle t r egula tor) and the s uit outlet press ure (at the 
outlet regula tor) , as well as the pressure differential ac r os s the s uit. 

During the tra ining mission, the s pace suit pressure is adjusted from the TRUE T RAINEE ENVIRONMENT 
panel. Switches a re pr ov ided for each suit to increase. hold , or dec r ease the a ir pr es s ure controlling the 
servomotor- driven pilot valves . Thes e pilot va lves assure that the s uit pressure does not va r y a t a r ate that 
would prove uncomfortable or injur ious to the astr onauts . Maximum s uit press uri zation r equires an infla tion 
time of not less than 45 seconds ; the pilot valves will not depressurize the s uits in les s than 19 s econds . Com­
manding an inc r ease in s uit pressure caus es the servomotor-driven pilot valve to drive, increasing the suit 
pressure a t a variable rate . The servomotor stops when the pi lot va lve reaches its mechanical limit or when a 
hold comma nd is ma nually initiated , or by e lectrical stops . Similarly. commanding a r eduction in suit pressure 
drives the servomotor-driven pilot valve to r educe the suit pressure until the pilot valve mechanical limit is 
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reached or a hold command is initiated. The pilot valve reduces space suit pressures at three times the rate 
.aat which it increases the pressure. The rate of air pressure change is controlled by calibrated knobs on the 
"WTRUE TRAINEE ENVIRONMENT panel. The instructor normally selects the pressurization rate, then in­

creases or reduces the suit pressure until the desired pressure level is reached. The servomotor-driven 
pilot valve is stopped by initiating a hold command. The instructor monitors the outlet pressure of both pres­
sure suits on matching gages on the TRUE TRAINEE ENVIRONMENT panel. The indicator that displays 
theoretical suit-to-cabin pressure differential (±10 psi) is located between the two true suit pressure gages, to 
assist the instructor in controlling the true suit pressures. TRUE TRAINEE ENVIRONMENT panel control of 
suit ptessure servomotor-driven pilot valves may also be transferred to the suit maintenance panels mounted 
on the LMS cabin bulkhead. In this condition, an indicator lamp on the TRUE TRAINEE ENVIRONMENT panel 
lights to alert the instructor that suit pressure regulation has been transferred. The maintenance panel 
controls fixed servomotor-driven pilot valve rates: 90 seconds for maximum suit inflation, and 30 seconds for 
full deflation. 

2. 3. 2. 2. 2 LMS Cabin Simulated Environment. 

Cabin temperature control is another major function of the simulated ECS, providing the true training 
environment of the LMS. Though the LMS cabin is not pressurized, the air temperature is computer controlled 
to vary with the simulated spacecraft pressure readings over a range restricted to comfortable levels (+62 ° to 
+89 °F). Air is supplied to the LMS cabin at a minimum rate of 185 cfm from a continuously running air con­
ditioner. The cabin air supply is chilled and dehumidified in a Freon heat exchanger; it then flows over a 
1, 575--watt electric heating unit. The cabin temperature is regulated by switching this heating unit on and off. 
A +90°F hi-limit thermostat provides a safety backup for the cabin temperature control system. Cabin temper­
ature gages are located on the TRUE TRAINEE ENVIRONMENT panel at the instructor console and the suit 
maintenance panels mounted on the LMS cabin bulkhead. Under automatic computer control, the cabin temper­
ature corresponds (within the +62 ° to +89 °F safety limits) to the calculated theoretical values displayed in the 
LMS cabin. The cabin temperature may also be manually controlled by a variable control on the SUIT MAIN­
TENANCE PANELS when command has been transferred by the Suit Technician. 

The LMS cabin includes a supply of drinking water for crew comfort and to enhance the simulation. A 
1-gallon thermos flask gravity-feeds the cabin water pistol. A computer-controlled solenoid valve may inter­
rupt the flow, if the water-managing logic concerning the computed tank quantities dictate that drinking water 

- would not be available to the crew at that time. 

All ECS instruments and indicator lights of the LMS function as they would under actual flight conditions. 
The simulated subsystem responds to each control switch, circuit breaker, and valve in the LMS cabin. (The 
simulated mechanical valves do not control flow of gas or fluid, but are connected with electrical switches and 
potentiometers to transfer control settings to the computer complex, assuring that the simulated system calcu­
lations respond accordingly.) The instructor console contains repeater instrumentation for all ECS displays 
within the LMS cabin to permit monitoring meter readings and warning lights. In addition, the position of all 
ECS switches and circuit breakers, as well as most of the ECS manual valve settings within the LMS cabin, are 
indicated by annunciator displays on the instructor console. 

2. 3. 2. 3 Malfunction Control. 

ECS training in the LMS is primarily based on simulated malfunctions initiated by the instructor. These 
malfunctions may be programmed into the training mission or they may be manually inserted at the instructor's 
malfunction insertion unit. When the selected malfunction results in an erroneous ECS instrument readout, a 
light above the corresponding repeater instrument on the instructor console lights. The instructor's repeater 
indicators normally display the erroneous value just as it appears to the astronauts in the LMS cabin, though the 
correct values can be displayed at the instructor console when the instructor presses a true reading pushbutton. 
ECS circuit breakers are also controlled from the instructor console. The status of each circuit breaker on the 
Commander's and Systems Engineer's side panels is displayed by respective switch-lights, which a re individ­
ually placarded. A step-ahead mode may be initiated during the training exercise, to advance the simulated 
mission to a desired time at an accelerated rate. All programmed maneuvers and malfunctions will be initiated 
during this advance interval. A complete list of malfunctions available for insertion into the ECS simulation is 
in section 2 of volume II. · 

2.4 GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM. 

The LM Guidanc e, Navigation, and Control Subsystem (GN&CS) provides the attitude control, guidance, 
and navigation necessary to accomplish lunar landing and ascent, and rendezvous and docking with the CSM. 
The GN&CS is an aided inertial guidance system whose principal sensors are the alignment optical telescope 

e 
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(AOT), the inertial measurement unit (IMU), and the rendezvous and landing radars. The LM GN&CS consists 
of the following operational sections: 

• Primary guidance, navigation, and control section (PGNCS) 

• Control electronics section (CES) 

• Abort guidance section (AGS) 

• Rendezvous radar (RR) section 

• Landing radar (LR) section. 

The five sections of the GN&CS each contain similar equipment or perform related functions. The as­
semblies of the sections are listed in table 2-2 . 

Table 2-2. Assemblies of Guidance, Navigation, and Control Subsystem Sections 

GN&CS Section Assembly 

Primary guidance, navigation, Inertial measurement unit (IMU) 
and control section (PGNCS) 

Alignment optical telescope (AOT) 

LM guidance computer (LGC) 

Display and keyboard (DSKY) 

Coupling data unit (CDU) 

Signal- conditioning module (SCM) 

Pulse torque assembly (PT A) 

Power and servo assembly (PSA) 

Control electronics section Attitude and translation control 
(CES) assembly (ATCA) 

Rate gyro assembly (RGA) 

Descent engine control assembly 
(DECA) 

Gimbal drive actuator (GDA) 

Attitude controller assembly (ACA) 

Thrust/ translation controller assembly 
(TTCA) 

Ascent engine latching device/ sequencer 
(AELDS) 

Abort guidance section (AGS) Abort sensor assembly (ASA) 

Abort electronics assembly (AEA) 

Data entry and display assembly 
(DEDA) 

Rendezvous radar section (RR) Antenna assembly 

Microwave section 

Control panel 

Landing radar section (LR) Antenna assembly 

Electronics assembly 

Control panel 
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Two separate guidance paths are provided in the GN&CS: a primary guidance path and a secondary 
.A guidance path. (See figure 2-3.) The primary guidance path controls LM attitude and translation, using the 
"'9 sensing and computing assemblies of the PGNCS with the CES, RR section, and the LR section. The secondary 

(abort guidance) path is used to control LM attitude and translation if the PGNCS malfunctions; it uses the 
sensing and computing assemblies of the AGS with the CES, RR section, and LR section. The term "abort 
guidance path" is somewhat misleading in that any abort situation is normally under control of the PGNCS; the 
AGS is used only if the PGNCS malfunctions, to perform all operations necessary for a safe rendezvous with 
the orbiting CSM. 

The PGNCS performs the following functions : 

• Navigation - Performs navigation computations (usually during coasting flight), which maintain current 
position and velocity (state vector) of the LM during the mission 

• Guidance - During powered flight, determines trajectory for arrival at predetermined target points 

• Control - Issues guidance signals, which alter the thrust directions to effect the determined 
trajectory. 

The PGNCS is basically an aided inertial guidance and navigation section . The main functions of the 
PGNCS are provided by the LGC with inputs from the IMU and the AOT. The LGC is a general-purpose digital 
computer with fixed and erasable memory banks: the fixed memory permanently stores navigation tables, 
trajectory parameters, programs, and constants; the erasable memory stores intermediate information, which 
can be changed at the discretion of the LM astronauts. 

The IMU provides the inertial reference for the LM. Changes in LM attitude or velocity are sensed by the 
IMU and are relayed to the LGC and cabin instrumentation. The IMU inner gimbal platform is aligned to an 
inertial space reference site through the sighting of two or more predetermined navigational stars, using the 
AOT. The LGC receives inputs from the IMU, AOT, and LM astronaut, processes the information, and 
furnishes an output in the form of command signals and/or a data display on the LGC control panel (DSKY). 

Angle inputs are provided to the LGC from the IMU and radars through the CDU's. Optics angles are 
A entered into the LGC by the astronaut, using the DSKY keyboard. The LGC counters receive direct inputs 
W from the IMU accelerometers and the radar range and velocity tracking networks. Discrete input and output 

signals enable the LGC to control the various modes of PGNCS operation. The astronauts enter a ll inputs and 
commands via the DKSY keyboard. Generally, the LGC performs four major functions: 

• Calculates steering signals and generates engine discretes necessary to keep the LM on a required 
trajectory 

• Aligns the stable member (innermost gimbal) of the IMU to a coordinate system defined by precise 
optical measurements 

• Conducts limited malfunction isolation for the GN&CS 

• Displays pertinent navigation information to the astronauts. 

Using information from navigation fixes, the LGC determines the amount of deviation from the required 
trajectory and calculates the necessary corrective attitude and thrust commands. Velocity corrections are 
measured by the IMU and controlled by the LGC. During coasting phases, velocity corrections are not made 
continuously; they are initiated at predetermined checkpoints. The major LGC outputs are direct engine com­
mands and thrust angle commands to the RCS and MPS. Radar antenna angles are commanded through the 
respective CDU 's. 

The CES provides control of the RCS and MPS to effect attitude and translation maneuvers about and along 
the LM X, Y, and Z axes during landing, r endezvous , and docking. The CES provides signals that fire any 
combination of the 16 thrust chamber assemblies (TCA's) of the RCS to control attitude and translation. The 
CES also provides on and off commands to the ascent and descent engine, descent engine throttle , and gimbal 
drive (to position the descent engine), and shutdown sequencing circuitry. The control of the engines and/ or 
RCS thrusters originates from the LGC or AEA during automatic operation; from the ACA's and T/ TCA's , 
during manual operations. In the event of a PGNCS malfunction, the AGS is substituted to operate with the 
CES. 

A.. The AGS is a simplified backup version of the PGNCS ; it takes complete command of LM attitude and 
- ~ran_slation 1:1aneuvers only if the PGNCS malfunctions .. The AGS and PGNCS operate simultaneously in a 

similar fashion, although only one of these GN&CS sect10ns may actually control the LM at any given time. 
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(The AGS contains its own inertial guidance and related AEA computer assemblies.) Eac h astronaut may ob­
serve the calculated parameters of the AGS or PGNCS on his fli~ht director attitude indicator (FDAI). The 
AGS provides LM with a g-uidance and navigation capability from any point in the mission, for rendezvous a nd 
docking with the CSM; the AGS cannot provide attitude and translation commands for lunar descent or landing. 

The RR section establishes a control link between the LM and CSM. The RR tracks a CSM transponder to 
provide range, range-rate, and line-of-sight (LOS) angles (relative to the CSM) for LGC computation of 
guidance and navigation data, during rendezvous maneuvers. The RR supplies this data to the LGC during 
coasting descent , lunar stay, and coast-to-terminal-rendezvous phases of the lunar m ission. During the 
descent phase, the RR is used as a passive receiving device to monitor the landing trajectory, and to acquire 
and track the orbiting CSM should an abort maneuver be required. The RR is used as an active device during 
the ascent phase, to update inertially derived guidance and navigation data. 

The LR section senses the velocity and altitude of the LM with respect to the lunar surface, during power ed 
descent. These data are fed directly to the LGC to update inertially derived data . The LR functions as a 
three-beam doppler velocity sensor and an FM/ CW radar altimeter. The LR contains self-test devices that 
permit operational checks without radar returns from external objects or the lunar surface. The LR antenna 
assembly can be rotated about the LM Y-axis and can assume either of two positions to maintain the radar 
altimeter beam approximately perpendicular to the lunar surface during the powered descent phase of the lunar 
mission. 

Electrical power for the GN&CS is supplied by the Electrical Power Subsystem (EPS). Circuit breaker 
panels located on the Commander's and Systems Engineer's upper side console protect equipment against 
electrical malfunction. 

A detailed description of the GN&CS is given in paragraph 2. 2 of Apollo Operations Handbook, 
LMA790-3- LM2. . 

2. 4.1 GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM CONFIGURATION REFERENCE. 

The Guidance, Navigation, and Control Subsystem of the LMS accurately simulates the LM-2 GN&CS. The 
GN&CS controls and displays that a re essential to astronaut training are identical with those in LM-2. Hard­
ware assemblies that are not essential to astronaut training are represented by math models in the LMS 
computer software. 

2. 4. 2 SIMULATED GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM. 

2.4.2.1 General. 

Simulation of the two guidance paths (PGNCS and AGS) of the GN&CS is based on continuous calculations of 
equations of motion for the LM and the CSM, performed within the LMS computer complex. These true 
position and velocity values (computed on 24 digital bit word-length units) are modified or deliberately distorted 
to simulate the outputs of the LM onboard computer (LGC) , which is a 16-bit word-length device. In addition 
to simulation of the more limited capacity onboard computer, the LMS computer programs incorporate all the 
sensor input logic and electrical power dependencies found in the LM. 

The guidance simulation also includes operation of the LM cabin DSKY and DEDA panels. The LMS in­
corporates modified LM components for these panels, providing full functional capability for each . Normal 
in-flight data may be manually enter ed by the crew, a nd typical data a r e displayed on the panel r eadouts . The 
LMS computers are programmed to accept data readouts from the same pa r ameter core addr esses used i11 the 
LM computers . The onboard computer s elf-test routines , controlled and monitored at the DSKY and DEDA 
panels, are functionally simulated. 

Throughout the simulated LM mission, GN&CS si mulation is closely integrated with the EVDE. This 
includes simulation of the celestial star fi eld , the sun, the earth view (mission effects projector), and the 
rendezvous target (CSM) and the lunar surface as viewed from the three cabin windows or through the AOT. 

Simulation of the LM guidance system is based on simultaneous calculation of five basic groups of the 
equations of motion. The true values of attitude, pos ition, and velocity a r e continuously computed for the CSM 
and the LM. In addition, four sets of the same parameter s are stored as values that simulate the computations 
of the primary (PGNCS) and secondary (AGS) guidance sections of the LM and CSM. In this manner , the 
primary navigation data for each simulated section may be individually deviated to simulate subsystem 
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malfunctions. The following parameters are indicative of the calculations performed in the LMS computer 
- complex to support the simulation of the GN&CS : 

• LM attitude angles (3) 

• LM position - geocentric (latitude, longitude, and altitude from the center of earth) 

• LM position - lunarcentric 

• LM velocity - geocentric ( in three orthogonal coordinates) 

• LM velocity - lunarcentric 

• CSM position - geocentric 

• CSM position - lunarcentric 

• CSM velocity - geocentric 

• CSM-to- LM relative position - polar coordinates (true value computed, as well as simulated values 
for LGC, AEA, and RR) 

• CSM-to- LM relative attitudes (for EYDE) 

• CSM-to- LM relative velocity vector (true value , as well as simulated values for LGC, AEA, and 
RR) 

• CSM orbital trajectory (true value, and deviated calculations to simulate operation of LGC and AEA) 

• LM orbital trajectory (true value and calculations derived for LGC and AEA simulation) 

• LM descent profile (for la nding guidance) 

• LM ascent profile (for primary and secondary guidance paths) 

• LM RR antenna angles (2) 

• LM radar signal strength (rendezvous and lunar-surface returns) 

• LM IMU platform angles and orientation 

• CSM IMU platform angles and orientation 

• Logic expressions for electrical power, maneuvering and propulsion thrusting, sensor selections, 
radar LOS capabilities, and down-link telemetry capabilities. 

2. 4. 2 . 2 Simulation Methods. 

LMS crew station controls and indicators, g-ross data flow , and instructor console controls a nd indicators 
(peculiar to the GN&CS, less radars) are shown in figure 2-4. All LMS cabin controls and indicato rs are 
located in the exact configuration of those in LM2 . Crew control inputs and subsystem output displays are 
continuously monitored at the instructor console. Responses to the control inputs are displayed on the telemetry 
console, as well as in the LMS cabin and on the instructor console. The telemetry data for the simulated 
GN&CS are given in table 2-3. The Manned Space Flight Network (MSFN) symbols used in table 2-3 are identi­
fied in volume II. 

2. 4. 2. 2. 1 Primary Guidance, Navigation, and Control Section. 

The functions of the LM PGNCS are simulated in the LMS by minimal use of modifi ed LM hardware and 
maximum use of software programming techniques. The AOT and DSKY panel are necessarily operable , and 
included to enhance the AMS cabin panel configuration. The functions of the IMU, CDU's , SCM, PTA, PSA 
and LGC are duplicated by the LMS computer complex software . 
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Table 2-3. LMS Guidance. Navigation and Control Subsystem Telemetry Data 

MSFN Range 
No. Description Low Nominal High Unit or Type* 

GG000l PGNS down- link data (to T/M) 

GG1040 Volt, 120- vdc pulse torque 85 120 135 vdc 
r eference 

GG1110 Volt, 2. 5-vdc T/M bias, P CM 0 2 .5 5 vdc 

001201 Volt , IMU 28v, 800-cycle IP - OP 0 28 31. 1 vrms 
supply 

GG1331 Volt , 3. 2-kc, 28v supply 0 28 31. 1 vrms 

GG1513 IMU standby/ off Off On 

GG1523 LGC operate Off On 

GG2001 Volt, X PIPA signal generator - 2.5 +2.5 vrms 
output, in phase 

GG2021 Volt , Y PIPA signal generator -2.5 +2 . 5 vrms 
output, in phase 

GG2041 Volt, Z PIPA signal generator -2.5 +2 . 5 vrms 
output, in phase 

GG2107 Volt, IG servo error, in phase - 3 0 +3 vrms 

GG2112 Volt, IG lX resolver output, sin -20.25 +20.25 vrms 

GG2113 Volt, IG lX resolver output , cos -20. 25 +20.25 vrms 

GG2137 Volt , MG servo error, in phase -3 0 +3 vrms 

GG2142 Volt, MG lX resolver output, sin -20 . 25 +20 . 25 vrms 

GG2143 Volt , MG lX resolver output, cos -20 .25 +20. 25 vrms 

GG2167 Volt , OG servo error, in phase - 20.25 +20 .25 vrm$ 

002172 Volt, OG lX resolver output, sin -20. 25 +20. 25 vrms 

GG2173 Volt, OG lX r es olver output, cos - 20.25 +20. 25 vrms 

GG2219 Volt, pitch CDU DAC out -5 0 +5 vrms 

GG2249 Volt, yaw CDU DAC out -5 0 +5 vrms 

002279 Volt, roll CDU DAC out -5 0 +5 vrms 

GG2300 Tern perature, PIPA +120 +130 +140 o F 

GG2301 Temperature, !RIG +123 +133 +143 o F 

GG3304 Volt, radar shaft lX resolver -21. 5 +21. 5 vrms 
output, sin 

GG3305 Volt , radar shaft lX resolver -21. 5 +21.5 vrms 
output, cos 

GG3324 Volt, radar trunnion lX resolver - 21. 5 +21. 5 vrms 
output, sin 

GG3325 Volt, radar trunnion lX resolver -21. 5 +21. 5 vrms 
output, cos 

GG6020 PIPA calibrated temperature +32 +122 o F 

009001 LGC (warning) cc 
GG9002 ISS (warning) cc 

*CC = Contact closure . 
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TABLE 2-3. LMS Guidance, Navigation and Control Subsystem Telemetry Data (cont) 

J 
MSFN 

Range 

No. Description Low Nominal High Unit or Type* 

GG9003 PGNS (caution) cc 
GH1204 ACA out of detent cc 
GH1214 Auto engine on command cc 
GH1217 Auto engine off command cc 
GH1230 Ascent engine a rm (from panel) 28 vdc 

GH1240 Volt, X-translation command -10 +10 vdc 

GH1241 Volt, Y-translation command -10 +10 vdc 

GH1242 Volt, Z-translation command -10 +10 vdc 

GH1247 Volt, yaw logic input error -13 +.5 +13 vdc 

GH1248 Volt, pitch logic input error -13 +.5 +13 vdc 

GH1249 Volt, roll logic input error -13 +.5 +13 vdc 

GH1260 Ascent engine on-off to propulsion cc 
GH1286 Engine fire override cc 
GH1301 DPS on cc 
GH1311 Volt, manual thrust command 2.6 15 vdc 

GH1313 Volt , pitch GDA position (0. 4 kc) -15 +.05 +15 vrms 

GH1314 Volt, roll GDA position (0. 4 kc) -15 +.05 +15 vrms 

GH1323 Pitch trim fail cc ' _ __j 

GH1330 Roll trim fail cc 
GH1331 Volt, auto thrust command 0 .015 12 vdc 

GH1348 Descent engine arm (DECA out) cc 
GH1418 Volt, jet No. 4u driver output, 6 pps max 10-400 ms 

28v 

GH1419 Volt, jet No. 4d driver output, 28v 6 pps max 10-400 ms 

GH1420 Volt, jet No. 4f driver output, 28v 6 pps max 10-400 ms 

GH1421 Volt , jet No. 4s driver output, 28v 6 pps max 10-400 ms 

GH1422 Volt , jet No. 3u driver output, 28v 6 pps max 10-400 ms 

GH1423 Volt, jet No. 3d driver output, 28v 6 pps max 10-400 ms 

GH1424 Volt, jet No. 3f driver output, 28v 6 pps max 10-400 ms 

GH1425 Volt , jet No . 3s drive r output, 28v 6 pps max 10-400 ms 

GH1426 Volt, jet No. 2u drive r output, 28v 6 pps max 10-400 ms 

GH1427 Volt, jet No. 2d driver output , 28v 6 pps max 10-400 ms 

GH1428 Volt, jet No. 2f drive r output, 28v 6 pps max 10-400 ms 

GH1429 Volt , jet No. 2s driver output, 28v 6 pps max 10-400 ms 

GH1430 Volt, jet No. 1 u driver output, 28v 6 pps max 10-400 ms 

GH1431 Volt, jet No . ld driver output ,28v 6 pps max 10-400 ms 

GH1432 Volt , jet No. 1f driver output, 28v 6 pps max 10-400 ms 

GH1433 Volt , jet No. ls driver output, 28v 6 pps max 10-400 ms 

*CC = Contact closure. 
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Table 2-3. LMS Guida nce , Navigation and Control Subsys tem Te lemetry Da ta (cont) 

MSFN 
Range 

No. Description Low Nominal Hig-h Unit or Type• 

GH1455 Volt , yaw attitude error (0 . 8 kc) -5 +5 vrms 

GH1456 Volt, pitch attitude e r ror (0 . 8 kc) -5 +5 vr ms 

GH1457 Volt, roll attitude error (0 . 8 kc) -5 +5 vrms 

GH1461 Volt , yaw rate gyros cope signal - 3. 5 +3.5 vrms 
(0 . 8 kc) 

GH1462 Volt , pitch rate gyroscope signal - 3.5 +3 .5 
(0. 8 kc) 

GH1463 Volt , r oll rate gyroscope signal -3 . 5 +3 . 5 
(0. 8 kc) 

GH1 609 SCS mode s elect cc 
GH1 621 Guidance select switch (AGS) cc 
GH1283 Abor t s tage recommended cc 
GH1608 SCS mode select (auto) cc 
GH1628 Roll attitude control select cc 

(pulsed/ direct) 

GH1 629 P itch a ttitude control s elec t cc 
(pulsed/ direct) 

GH1 630 Yaw attitude control s elec t cc 
(puls ed/ direct) 

GH1893 X-translation override 0 28 vdc 

GIOOO l AGS down-link data (to T/ M) 0 64 pps 

GI3 301 ABA temper a ture 0 +120 +250 o F 

GI3305 AGS condition (warmup) cc 
GI330 6 AGS condition (standby) cc 

*CC = Contact closur e . 

The LMS PGNCS computes and r egulates the prima r y mission pa th by performing three basic functions. 
Simulated naviga tion techniques are used to fo rmulate the exac t simula ted LM location a t any g iven time in the 
training mission. This is accomplished by using gener a l naviga tion progr ams , ser vice programs , and asso­
ciated subroutines of the LMS compute r complex. Simulated guidance techniques are used to compute the 
degree of error between predetermined and cur r ent locations of the simulated LM at any particula r time . This 
is accomplished by using miss ion phas e guidance programs, service programs, and assoc iated subroutines of 
the LMS computer complex. Simulated contro l techniques are used to formulate the command s ignals that 
ultimate ly a lter simulated LM tr ansla tion and a ttitude to attain the predetermined mission trajectory de termined 
by the guidance s ubsection. This cont r ol is primarily achieved by the digital auto pilot (DAP) function of the 
LMS computer C softwa re. 

The LMS simulates the characteris tics of LM subsystem per fo rmance and flight dynamics . Three general ­
purpose digital computer s comprise the LMS computer complex and perform the r eal-time computations 
ma intaining simulated LM s ubs ys tem pe r fo rmance, flight dynamics , and vis ual effec ts. The LGC , which is the 
major assembly of the PGNCS , is entirely s imula ted in one compute r , designated compute r C. All othe r LM 
subsys te m functio ns a r e s imula ted in two othe r compute r s , designa ted compute r s A and B . Computer C effects 
an inter pretive simulation of the LM LGC by computing nav igation and guidance equations from a magnetic tape 
originated at MIT/ Instrumenta tion Labor atories. Compute r C inter pr e tively evaluates and transforms all tape 
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data into DP-224 co mputer language. This is achieved by using an individual subroutine fo r each individual 
LGC operation. Computer C is referred to as the interpretively simulated LM ~uidance computer (ISLGC) , 
doe to the nature of its operations. Pertinent operating features of the ISLGC are as follows: 

• Computers A and B interface with ISLGC through a fixed block of 512 common core locations. 

• The counters and input/ output channels of the LM LGC are simulated by 24-bit m emory locations in 
the ISLGC. 

• There are two types of counters and channels: input and output. The functions of the input counters 
and channels are simulated by transferring data from common core locations to ISLGC locations. The 
functions of the output counters and channels are simulated by transferring data from ISLGC locations 
to common core locations. 

• Data transfer to , and from, counters is of two types: increm ental value and whole va lue . Whole-value 
da ta transfer takes precedence over previously stored data. Increm ental value da ta transfer adds to 
or subtracts from , previously stored data . Data are transferred to, and from, the channels as packed 
or coded digital words. 

• All data outputs from the ISLGC are available in common core, for sampling by the LMS programs, 
for at least 50 milliseconds. All data outputs from LMS programs are available in common core, for 
sampling by the ISLGC , for at least 50 milliseconds. 

• Non-time-dependent priority interrupts in the LM LGC are simulated by transmission of output control 
pulses (OCP's) from computers A and B to the interrupt hardware of the ISLGC. Time-dependent 
priority interrupts in the LM LGC are simulated by hardware in the central timing equipment (CTE) 
and ISLGC. 

• All data, except down-link data, appear in octal form. 

• The ephemeris for 54 navigational stars can be stored. 

• The ISLGC operates in the following modes: premission, freeze, run , store, reset , reset fr om taoe, 
reset from core, write reset, and fast time (step ahead). 

• The ISLGC maintains a telemetry output table in 250 locations in common core. These 250 locations 
are div ided into 50 groups of five 8- bit telemetry words each. 

The digital autop ilot (DAP), part of the ISLGC, issues appropriate reaction jet firing commands, to con­
trol the s imulated LM in attitude and translation. Basically, the reaction jet control loop functions as a pulse­
duration sample data control system in which the ISLGC determines simulated LM steering errors and issues 
reaction jet pulse-duration thrust commands to r educe the errors . 

The DAP has two basic modes of operation: automatic and attitude hold. In the automatic mode, a ll con­
trol commands originate automatically from guidance law computation in the ISLGC. In the att itude-hold mode , 
the crew can command attitude r ates proportional to attitude controller displacement, and linear t r a nsla tion 
motion by means of on-off signals from the translation controller. When the a ttitude controller handle is re­
turned to zero {detent) position, the attitude of the simulated LM is maintained at the value existing whe n the 
controller was returned to detent. When the translation controller is in detent , the simulated LM mainta ins its 
previous angular velocity. 

In the automatic mode, the ISLGC compares simulated IMU gimba l a ngle information with gimbal angle 
command signals, which are generated from the guidance laws, to form the gimbal angle errors. The gimbal 
angle error signals are then transfo rm ed to body angle steering errors; the gimbal angle rate is also der ived. 
These parameters are both used to compute reaction jet pulse-duration com mands in accordance with the 
programmed ISLGC attitude control law. The pulse-duration comm ands plus the translation commands gen­
erated via the guidance law computat ions are included in the ISLGC reaction jet logic computations to derive 
specific reaction jet pulse- duration firing commands. The firing commands are s ent from the ISLGC to the 
reaction jet drivers in the ATCA, which cause the appropriate simulated jets to fire. 

In the a ttitude-hold mode , the ISLGC control function depends on whethe r the attitude controller is in , or 
out of, detent. With the attitude controller out of detent , attitude rate is commanded by the crew about all three 
axes. Therefore, incom ing gimbal angle information must be used to derive gimbal an~le r atPs which must be 

A transformed to body angle _rates. These body angle rates are compared with the comma nd rates from the at ti-
• tude controller to form attitude rate errors. These errors are used to compute r eac tion jet pulse-duration 

commands in accordance with the programmed ISLGC angular rate control law. The control law commands. 
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combined with the manual translation commands from the hand controller, are processed in the same manner 
as during the automatic mode. While in this rate command condition, the ISLGC must store simulated gimbal 
angle information for future use as a command signal when the attitude controller is returned to detent. When 
the simulated LM reaches the crew-commanded attitude, the controller handle is returned to dctent. The 
ISLGC maintains the simulated LM at this new attitude, using the gimbal angle in.formation stored while the 
controller was out of detent. This stored command signal is summed with the actual incoming gimbal an~le 
in.formation from the simulated CDU to form an error signal. This error signal is processed through the 
ISLGC in the same manner as during the automatic mode, to maintain simulated LM attitude. Translation 
commands from the hand controllers are digital. When the hand controller is out of detent, full simulated 
thrust is applied to the simulated LM; when the controller is in detent, there is no reaction jet thrust. 

The digital hand controller used during simulated powered descent also turns the main engine. Limited 
control of the vehicle is possible, using this mode of operation . A switching criterion is included in this 
mode, such that a large error will be reduced, using simulated RCS jets. 

2. 4. 2. 2. 2 Control Electronics Section. 

Signals from switches and controls in the LMS cabin pass through an interface, where they are converted 
from analog to digital form before entering the LMS computer complex. Signals from the computer complex 
are· converted from digital to analog form to simulate indicators and to drive meters. The LMS computer com­
plex contains all the necessary data enabling all pertinent components for transfer function evaluation, asso­
ciated signal flow , telemetry points, and malfunction insertion locations. 

Relays, power switches, and latching devices, which are open/ close type units, perform logic functions. 
Resulting signals are used by the CES computer program circuitry to sense other subsystem parameters 
(deadband, mode, etc), for comparison. The resulting error signals are mixed with the results of the rate 
gyro program data to formulate rotational data. These data are processed to insert the correct deadband and 
gain characteristics. Telemetry points are the points at which signal levels are monitored and transmitted via 
telemetry to the MSCC. All simulated crew inputs and rate gyro and driver amplifier outputs are telemetered. 
A malfunction can be inserted in the simulated CES at all points in the section where simulated LM dynamics 
are affected and a crew action or decision is required. 

2. 4. 2. 2. 3 Abort Guidance Section. 

The major approximations and assumptions of the simulated AGS computer program are in the abort sensor 
assembly (ASA). Gyros and accelerometers are used in the LM ASA. The gyros and accelerometers are 
assumed to be perfect in the LMS program; the ASA computer equations are only slight modifications of the 
equations of motion. These modifications are intended to account for possible malfunctioning of the temperature 
control, one of three power supplies, or the synchronizing sign.al from the abort electronics assembly (AEA). 
Initial conditions (references, etc.) are supplied to the AGS by the PGNCS, by the astronaut via the DEDA 
panel , or they may be constants such as the initial ASA temperature. Constants fall into three categories : 
hardwired, softwired octal, and softwired decimal constants entered into the computer via the DEDA decimal­
to- binary conversion routine. 

Hardwired constants are wired permanently into the computer memory. Softwired constants may be 
changed in the computer memory; they can be entered directly by punched tape or DEDA input. DEDA decimal 
constants provide the astronaut flexibility in specifying mission-dependent parameters. Softwire constants are 
actually variables , in the sense that they can be changed from the loaded values when specifica lly directed by 
the guidance equations . 

The duration of the major computation cycle is 2 seconds. In this time, the equations update navigation , 
align the inertia l frame of reference if r equested , and solve the two-impulse rendezvous guidance problem 
three times; the bes t of the three solutions is selected. Within the 2-second cycle a r e subcycles of 20- and 
40-milliseconds . Every 20-milliseconds, simulated gyro and accelerometer sensor data are processed, in­
crementing LM attitude direction cosines and thrust velocity. Every 40-milliseconds , attitude error signals 
and main engine on-off commands are issued. The lunar-surface align func tion, when requested, is also com­
puted every 40 milliseconds. Therefore, the computer program must advance through the 2-second guidance 
computation cycle in segments of 20- and 40-millisecond subcycles. 

The 20- millisecond subcycle consists of the following: 

• Gyro data processing and compensation (corrections) 

• Accelerometer data processing 

• Attitude direction cosine updating 
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• Thrust velocity vector incrementing 

• Decrementing velocity-to-be-gained to engine shutdown 

• PGNCS Euler angle processing. 

The 40-millisecond subcycle consists of the following: 

• Output AGS attitude error signals 

• Output AGS main engine commands (The engine off command has a 40- millisecond timing 
resolution.) 

• FDAI computations (outputs to the attitude indicator) 

• Lunar alignment submode (a digital servo loop nulling attitude error signals). 

The 2-second cycle consists of the following: 

• LM navigation update 

• Initializing the LM and CSM computations 

• CSM equations of motion 

• Elliptical Kepler routine 

• Radar filter 

• Flight mode selection 

• Coelliptic orbit planning equations 

• Direct transfer flight planning 

• Pitch-yaw guidance 

• Lunar alignment and calibration equations 

• AEA outputs to displays. 

2.4.2.2.4 Rendezvous Radar Section. (See figure 2-5 . ) 

RR simulation demands a close integration between the equations of motion within the LMS computer 
complex and the EVDE. During rendezvous and docking operations , the astronauts in the LMS cabin observe 
the video image of a CSM model through the forward cabin windows and the overhead docking window. RR 
simulation accurately synchronizes the guidance maneuvers of the LMS (and the AMS for integrated missions), 
with the RR controls and displays and the visual docking simulator hardware. 

The LM RR derives its significant measurement information from the following_ sources: 

• The differences in signal strength on the monopulse antenna beams provide line-of-s ight (LOS) angle 
and angular rate information. 

• The phase delay between the transmitted and received modulation signals provides range information. 

• The difference between transmitted and received RF (doppler effect) provides range- rate information. 

In all instances , the significant information is der ived directly from geometr ical considerations; it is in­
dependent of radar-associated parameters (transmitter frequency, signal strength, etc.). The significant RR 
measurements represented in the LMS computer complex are those associated with generation of functions and 
sfgnals required for cabin display, and simulated intersubsystem purposes. Related simulated assemblies of 
the RR include the antenna angle tracker, acquisition assembly, range- rate tracker, and range tracker. The 

A._ remainder of the RR simulation involves the heate r and temperature groups, power supply, display logic. self­
.. test, monitoring, and mode control. 
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The simulated RR antenna angle tracker is operated in three distinct modes: auto tracking , LGC antenna 
designate, and manual slew. The simulation of the angle tracker assembly makes use of the fact that the true 
LOS (azimuth and elevation) angle information is available from the equations of motion. Ideally, the RR 
tracking-line azimuth and elevation angles and LOS to the CSM are equal. Therefore, in the auto tracking 
mode, the difference between the two azimuth and two elevation angles can be used to establish the antenna cor­
rection rate for each axis. The antenna servo slew rate is therefore the correction angle (difference angle) 
multiplied by a constant slew rate. The maximum rate required to maintain acquisition is determined by the 
aspect angle of the simulated antenna beam configuration. In the LGC antenna designate mode, the simulated 
RR antenna is pointed to the expected "look" angles of the CSM. In this instance, the LOS angles are replaced 
by the designated azimuth and elevation angles to establish the antenna correction rates. In the manual slew 
mode, the RR antenna is positioned about each axis at either of two slew rates. The direction of slew is de­
termined by the positive or negative sign of the slew rate mathematical term so that integration results in an 
increase or decrease from the initial angle, for each repetition. 

The acquisition assembly determines when the tracking-line azimuth and elevation angles are within a given 
cone of acquisition to establish the "data good" signal. The magnitude of the AGC display voltage , for simula­
tion purposes, is approximated by the product of a function of the correction angle, the Gaussian distribution 
curve for range, and a constant transmitter RF power output level. 

The range-rate tracker output is represented by adding the prominent errors and the true range rate from 
the equations of motion. These errors are predictable or random. The prominent predictable errors are 
dynamic lags with a given time constant; they are due to the output counter, which converts the data from r 
frequency form to a digital form. The random errors are simulated statistically. Range-rate information is 
not available until after the "data good" signal is established by the acquisition assembly. 

The range tracker is simulated in a manner similar to that of the range-rate tracker. The output is 
derived by adding the prominent errors to the true range from the equations of motion. Noise inputs are not 
considered, because the high noise frequencies involved are not simulated directly and the effect over the 
slower simulation cycle is negligible. The time constant of the dynamic lag function is dependent upon range. 
The range changes slowly over increments of time approximately equal to the time constant value. A 15-foot 
static error is included to balance an equivalent dynamic error, which occurs when a typical mission range 
variation is programmed into the RR computer program. Range information becomes available only after the 
"data good" signal is established by the acquisition assembly. 

The known sources of error in RR measurements have been included in the LMS computer program. In 
addition to the sources indicated, any of the gains or time constants in the RR section can be varied to change 
dynamic character is tics, as required. 

2. 4. 2. 2. 5 Landing Radar Section. (See figure 2- 6. ) 

Complex and critical integration techniques are required for simulation of the LR. The basis equations of 
motion (attitude , position, and velocity) are transposed within the simulator computers to a lunarcentric 
coordinate system. These values are then used to drive the LR visual displays seen through the LMS forward 
cabin windows and to precisely position the lunar landmass simulator (LLS) transparency assembly. The LLS 
provides the precision terrain clearance data needed for final lunar descent and hovering guidance. The radar 
altitude (above the simulated lunar terrain) and altitude rate constitute the principal inputs to the LR simulation 
program. 

The equations of motion supply most of the data that would be displayed and transmitted to the LGC if the 
LR were error-free . These data include the simulated LM velocity components and the range- along-beam to 
the lunar surface. The LR computer program adds error and/ or malfunction effects so that the outputs 
realistically resemble real-world data. In addition, signals are generated to indicate internal conditions (data 
good, data no good, antenna position, power on, heater caution, etc.) of the simulated LR. 

The velocity components and range signals, which a re sent to the LM LGC, are processed by a digital 
counter that delays the data by approximately a tenth of a second. This effect is realistically simulated in the 
LMS. Errors are normally incurred in measuring the velocity and range with each of the four LR beams and 
corresponding servo trackers. Such errors are treated in the computer program as being random and limited 
in nature. The velocity "data good" and the range "data good" conditions are essentially the result of com­
parison of computed distance with the maximum distance from the target surface at which a return can be 
sensed (provided that a zero-velocity condition does not exist for any radar beam). Normally the LR antenna 
position is in a descent state during transltmar flight; it is automatica lly switched by LGC command to a hover 
state . The astronaut may override the LGC , as a backup procedure. If the instructor desires to start a 
training lesson in the hover phase, he has the capabiHty of starting the LR antenna in the hover position. The 
LR computer complex circuitry uses the same digital-to-analog converters as the RR. This is possible because 
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both radars use the same panel meters; the astronaut selects the data to be displayed. The LR computer pro-

•

ram includes simulation of radar self-test and monitoring capabilities, antenna heaters. thermodynamic 
arameters, caution and warning indications, and intersystem and telemetry functions. 

The provision for failure and degraded operation effects have been included in the simulation. The range 
of acquisition is reduced for reduced RF power output of the velocity and range sensors. Antenna heater limits 
(heaters on continuously or open circuited) are introduced to display out-of-tolerance temperature conditions 
and to degrade the accuracy of the velocity and range data. 

2. 4. 2. 3 GN&CS Controls and Displays. 

All LMS cabin controls and indicators are located in the exact config·uration of those in LM2. Crew control 
inputs and subsystem output displays are continuously monitored at the instructor console. The instructor 
console instrumentation related to the GN&CS includes fully operational repeaters of the DSKY and DEDA 
panels. A RADAR panel indicates all control settings of the LM radar group and repeats the radar SIGNAL 
STRENGTH meter (displaying either the value seen by the crew or the time reading). All astronaut switch se t­
tings, indicators, and caution and warning lights related to the GN&CS are monitored at the instructor console. 
The console also includes a panel area for monitoring the accuracy of the readings made by the astronauts with 
the AOT. When the crew takes a sighting on two navigational stars, the sighted value is compared with the true 
value by the simulator computer; the deviation (error) is displayed for each star, on the instructor console. li 
the astronaut knowingly errs, he presses a reject button, which is then displayed at the instructor console. The 
instructor may clear his 4-digit error display by actuating an adjoining RESET switch. 

2. 4. 2. 4 Malfunction Control. 

Numerous malfunction modes are available in the LMS to reproduce LM GN&CS failures. These malfunc­
tions may be programmed into the simulation routines before the training mission, or may be manually initiated 
at the instructor console with the Malfunction Insertion Unit (MIU) panel. Every major component of the GN&CS 
may be intentionally malfunctioned individually or in combination. A warning pilot lamp over each of the in­
structor console displays informs the instructor that a false value is displayed because a malfunction has been 
inserted. The correct reading may be obtained at the instructor console by pressing a TRUE READING push­
button. The instructor console circuit breaker panels enable failure of any of the GN&CS circuit breakers in 

81:he LMS cabin. The malfunctions consist basically of system faults and instrumentation errors. A step-ahead 
~ode may be initiated during the training exercise , to advance the simulated mission to a desired time at an 

accelerated rate. All programmed maneuvers and malfunctions are initiated during this advance time interval. 
A complete list of malfunctions available for insertion in the GN&CS simulation is included in section 2, volume 
II, of this handbook. 

2. 5 REACTION CONTROL SUBSYSTEM. 

The LM Reaction control subsystem (RCS) provides small rocket thrust impulses to stabilize the LM during 
descent and ascent and to control LM attitude and translation about, or along, all axes during hover , rendezvous 
and docking maneuvers. (See figure 2-7.) The RCS may be operated in either a pulsed or steady-state mode on 
command from the Guidance, Navigation, and Control Subsystem (GN&CS) and the three-axis attitude controller. 

The RCS consists basically of 16 thrust chamber assemblies (TCA' s), which are supplied by two separate 
propellant supply s ystems. The TCA's and the dual propellant supply systems make up two parallel, inde­
pendent systems (A and B). Systems A and B each contain their own helium pressurization section, propellant 
section, and TCA' s . 

The 16 TCA' s a re a rra nged in clusters of four, mounted on four outriggers that are equally spaced around 
the LM ascent stage . (See figure 2-8.) In each cluster, two of the TCA's are mounted paralle l to the LM 
X-axis , fac ing in opposite direc tions ; the other two are s paced 90 ° apa rt, in a plane normal to the X-axis. 1\vo 
of the TCA's a r e supplied by s ystem A; the other two, by system B. Normally, both systems a r e opera ted 
together, but the a rrangement of the TCA's is such that complete operating control in a ll axes is possible de­
spite a failure in e ither system. 

Electrical protection fo r cr i tical RCS components is afforded by circuit breakers distributed between two 
circuit breake r panels on the Commander's and Systems Engineer's upper side consoles. 

A deta iled des c ription of the RCS is given in paragraph 2.4 of Apollo Operations Handbook, LMA790-3-LM2. 

2. 5. 1 REACTION CONTROL SUBSYSTEM CONFIGURATION REFERENCE. 

- The Reaction Control Subsystem of the LMS accurately simulates the LM-2 RCS. 
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2. 5. 2 SIMULATED REACTION CONTROL SUBSYSTEM. (See figure 2-9.) 

2. 5. 2.1 General 

The RCS in the LMS provides simulated orientation and translation thrusting . The dynamics of tempera­
tures, pressures, fuel and oxidizer consumption and control are simulated. The response of the simulated LM 
to reaction jet thrusting for all control modes is indicated to the flight crew by RCS and simulated LM flight 
control indicators and by external visual display equipment (EYDE) image generation. LMS response of the 
simulated vehicle is perceptually the same as the LM response to identical control inputs. 

The following details are significant in the simulation of the RCS. 

• In the thruster section, fuel must lead the oxidizer into the TCA. Under reverse conditions, the 
thruster would be destroyed. 

• If the propellant tanks are depleted of either fuel or oxidizer. a thruster that is fired will be destroyed. 

• When malfunctioning valves, the LMS can fail oxidizer or fuel valves individually. 
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• Valve malfunctions are considered event-dependent, not time-dependent. 

• The telemetry quantity will indicate all 1 's when a malfunction occurs or when the tanks are filled 
over 102% of capacity. 

• The telemetry quantity will not indicate less than 0. 4%. 

2. 5. 2. 2 Simulation Methods. 

A comprehensive analog for all elements of the LM RCS is programmed into the LMS so that each element 
of the RCS is accurately and realistically simulated. LMS programs for RCS systems A and B include complete 
parametric computations for each of the fuel, oxidizer , and helium subsystems involved. The temperature, 
pressure, mass, volume, and operating state functions are calculated for each system. These computations 
are based on a detailed thermodynamic analog, which includes environmental heat transfers, valve-throttli ng 
functions, a nd regulator expansions. The LMS RCS programs are integrated with calcula tions of the Main 
Propulsion Subsystem (MPS) ascent section propellant storage, which can be coupled into the RCS in normal 
operations. The RCS analog program includes all of the simulated LM valving logic , which, in turn, depends 
on the simulated Electrical Power Subsystem (EPS) bus and circuit breaker logic . All of the crew's control 
inputs are assessed by the LMS computer complex; all appropriate responses to these inputs are simulated . 
The LMS cabin control switch positions and circuit breaker settings are displayed at the instructor console. 
The instructor also has repeaters of all cabin instrumentation related to the RCS, such as status flags, numer­
ical displays , and meters. The repeater indicators normally display the same values as those seen by the crew 
in the cabin. A step-ahead mode may be initiated during the training exercise, to advance the simulated mis­
sion to a desired time at an accelerated rate. All programmed maneuvers will be initiated during this advance 
interval. 

The flight crew in the LMS cabin uses all the normal LM RCS instruments and controls . Responses to the 
control inputs are displayed on the telemetry console, as well as in the LMS cabin and on the instructor console . 
The telemetry data for the simulated RCS are given in table 2- 4. The MSFN symbols used in table 2-4 are 
identified in volume II. 

Table 2-4. LMS Reaction Control Subsystem Telemetry Data 

MSFN Range 

No. Description Low Nominal High Unit or Type 

GR1085 System A propellant quantity 0 108. 3 % 

GR1095 System B propellant quantity 0 108. 3 % 

GRllOl Helium tank A pressure 0 3,500 psia 

GR1102 Helium tank B pressure 0 3,500 I psia 

GR1121 Helium tank A temperature +20 +120 o F 

GR1122 Helium tank B temperature +20 +120 o F 

GR1201 Helium system A re~ulated 0 350 psia 
pressure 

GR1202 Helium system B regulated 0 350 psia 
pressure 

GR2121 Fuel tank A temperature +20 +120 o F 

GR2122 Fuel tank B temperature +20 +120 o F 

GR2141 Fuel tank A quantity 0 100 (11 ,o 
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Table 2-4. LMS Reaction Control Subsystem Telemetry Data (cont) 

MSFN 
Range 

No. Description Low Nominal High Unit or Type* 

GR2142 Fuel tank B quantity 0 100 % 

GR2201 Fuel system A manifold pressure 0 350 psia 

GR2202 Fuel system B manifold pressure 0 350 psia 

GR3141 Oxidizer tank A quantity 0 100 % 

GR3142 Oxidizer tank B quantity 0 100 % 

GR3201 Oxidizer system A manifold pressure 0 350 psia 

GR3202 Oxidizer system B manifold pressure 0 350 psia 

GR6001 Thrust chamber assembly quad I +200 o F 

temperature 

GR6002 Thrust chamber assembly quad II +200 o F 

temperature 

GR6003 Thrust chamber assembly quad III +200 o F 

temperature 

GR6004 Thrust chamber assembly quad IV +200 o F 

temperature 

GR9609 System A main shutoff valve closed cc 
GR9610 System B main shutoff valve closed cc 
GR9611 System A ascent section interconnect cc 

valve open 

GR9612 System B ascent section interconnect cc 
valve open 

GR9613 Crossfeed valves open cc 
GR9661 System A isolation valve No. 1 closed cc 
GR9662 System B isolation valve No. 1 closed cc 
GR9663 System A isolation valve No. 2 closed cc 
GR9664 System B isolation valve No. 2 closed cc 
GR9665 System A isolation valve No . 3 c losed cc 
GR9666 System B isolation valve No. 3 closed cc 
GR9667 System A isolation valve No . 4 closed cc 
GR9668 System B isolation valve No. 4 closed cc 

*CC = Contact closure. 

2. 5. 2. 3 RCS Controls and Displays. 

The RCS controls and readouts are located on the Systems Engineer's main instrument panel in the LMS 
cabin. The Commander and Systems Engineer each have paralleled hand controllers, and related circuit con­
trol through their individual circuit breaker panels. At the top of the RCS panel is a continuously oper ating 
QUANTITY meter for measuring propellant quantities of systems A and B. 

Below the quantity display are two dual indicators that display temperature and pressure readings. Each 
indicator has a common scale face with dual pointers at opposite sides: one for system A; the other , for s ys tem 
B. A rotary switch at the base of the RCS panel is used to select the pressure-temperature readings of either 
the helium tanks, the fuel or oxidizer tanks, or the fuel or oxidizer manifolds (downstream of the individual tank 
shutoff valves). Beneath these indicators is a control group that includes switches that open or close the main 
shutoff valves (fuel and oxidizer) for system A or B. This group also has two switches that simultaneously open 
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the fuel and oxidizer lines into the ascent propulsion section to supply RCS system A or B. Status flag-s a r e 
provided for the four switches in this group. Another two rows of s witches and their related status fl~s con­
trol the pairs of thruste rs in each TCA cluster. Each switch controls two isolation valves (ox idizer and fuel) 
for the two system A or B jets in each quadrant of the simulated LM. The pa nel area is divided with the four 
system A THRUSTER PAIR switches and flags on the left and the four s ystem B switches and flag-s on the right. 
At the bottom of the RCS panel area is a crossfeed switch (CRSFD) and associated warning flag. This switch 
simultaneously controls two solenoid valves that tie together the fu el and oxidizer manifolds of systems A and B. 

To prevent binding of the TCA jet valves, each cluster of four thrusters is equipped with redundant heating 
circuits. Eight individual circuit breakers are provided in the LMS cabin to control power to the quad heaters . 
In addition, a heater control (HTR CONT) panel group includes a multiplexed temperature meter and selector 
switch to indicate the heat level for each cluster. Additional crew control for the simulated RCS is provided in 
the related system circuit breakers at the Commander's circuit breaker panel and at the Systems Engineer's 
circuit breaker panel. The simulated RCS also provides several trouble displays on the Commander 's and 
Engineer's caution and warning panels. A total system indicator lamp, labelled RCS, indicates low system 
helium pressure. The Commander's emergency warning panel includes displays of regulator failure for the 
systems A and B helium pressurization manifolds, as well as an RCS TCA indicator lamp that indicates failure 
of one or more thrusters. Either of these malfunctions would require immediate attention by the astronauts. 

The instructor console includes repeater panels of all RCS-related LMS cabin controls and displays, in 
addition to the malfunction insertion and display units. 

2. 5. 2. 4 Malfunction Control. 

The RCS simulation includes a wide variety of programmed and instructor-initiated malfunctions. (Refer 
to volume II.) The malfunctions initiated from the MALFUNCTION INSERTION UNIT include system faults and 
instrumentation errors, as well as circuit-breaker-popping signals for any of the RCS circuit breakers. In 
addition, the instructor may manually initiate circuit breaker failures at the corresponding console panel. A 
warning pilot lamp over each display informs the instructor that a false value is being displayed because a 
s imulated malfunction has been inserted. The correct reading may be obtained on the instructor console by 
activating the TRUE READING pushbutton. 

2. 6 MAIN PROPULSION SUBSYSTEM. 

A The LM Main Propulsion Subsystem (MPS) consists of a descent and an ascent propulsion section. Each 
W section is complete and independent of the other and consists of a liquid-propellant rocket engine with its 

propellant storage , pressurization, and feed components. The descent propulsion section, within the descent 
stage, uses a throttleable, gimbaled engine for powered descent to the lunar surface. The ascent propulsion 
section, within the ascent stage, uses a fixed, constant-thrust engine to separate the ascent stage from the 
descent stage at lunar launch, and for rendezvous and docking with the CSM. 

The Guidance, Navigation, and Control Subsystem (GN&CS) provides automatic on-off commands for both 
engines and initiates gimbal-drive-actuator and thrust-level commands for the descent engine . Though each of 
the MPS sections are normally under computer control, the onboard guidance systems can be manually over­
ridden. In addition to the manual propulsion controls, the astronauts are provided with comprehensive instru­
mentation of both propulsion sections. Both propulsion sections use hypergolic propellants: the fuel is a 50-50 
mixture of hydrazine (N2H4) and unsymmetrical dimethylhydrazine (UDMH) ; the oxidizer , nitrogen tetroxide 
(N204). The engine- injection mixture ratio of oxidizer to fuel is 1. 6 to 1, by weight. In both stages, the pro­
pellants are supplied from tanks, with helium as the tank pressurant. 

The descent propulsion section (figure 2-10) consists of two fuel tanks and two oxidizer tanks with the as­
sociated propellant pressurization and feed components, and a throttleable rocket engine that develops a maxi­
mum thrust of 9,800 pounds and can be operated continuously within a r ange of 1,050 to 6,250 pounds of thrust. 
The engine can be shut down and restarted , as r equired by the mission. The engine is mounted in the center 
compartment of the descent stage cruciform, s uspended at the throat of the combustion chamber on a gimbal 
ring that is an integral portion of the engine assembly. The gimbal ring is pivoted in the descent stage struc­
ture, along an axis normal to that of the engine pivots. The engine can be gimbaled +6 ° and - 6 ° by means of 
gimbal drive actuators controlled by the GN&CS , to provide trim control in the pitch and roll axes during 
powered descent to the lunar surface. 

The ascent propulsion section (figure 2-11) consists of a fLxed, constant- thrust rocket engine and the as ­
sociated propellant storage, pressurization, and feed components installed along the centerline of the ascent 
stage midsection. The engine develops 3 ,500 pounds of thrust in a vacuum, sufficient to launch the ascent stage 
from the lunar surface and place it in orbit. Two main propellant tanks are used: one for fuel ; the other, for 
oxidizer. The tanks are installed on either side of the ascent s tag-e structur e . The propellant supply sections 

- include provisions for fuel and oxidizer crossfeed, as a backup propellant supply, to the RCS. 

A detailed description of the MPS is given in paragr aph 2.3 of Apollo Oper ations Handbook, LMA790- 3-- LM2. 
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2. 6.1 MAIN PROPULSION SUBSYSTEM CONFIGURATION REFERENCE. 

The Main Propulsion Subsystem of the LMS accurately simulates the LM-2 MPS. 

2. 6. 2 SIMULATED MAIN PROPULSION SUBSYSTEM. (See figure 2-12.) 

2. 6. 2. 1 General. 

The simulated MPS includes all ascent and descent section instrumentation that indicates dynamic relation­
ships of temperature, pressure, and propellant consumption and control. Responses of the simulated LM to 
automatic and manual propulsion subsystem commands are indicated to the flight crew by propulsion instrumen­
tation, rate indicator readings, and by the EVDE. The simulated dynamics and response tolerances of the 
ascent and descent engines are perceptually the same as those of the LM. 

Simulation of the descent propulsion section is based upon significant parametric computations programmed 
for each of the following major elements: 

• Fuel tanks - Mass, pressure, and temperature based on thermodynamics of tank environment, outlet 
porting, relief valving, and simulated leakage 

• Oxidizer tanks - Mass, pressure, and temperature based on thermodynamics of tank environment, 
outlet porting, relief valving, and simulated leakage 

• Helium tank - Mass, pressure, and temperature based on the operational state of helium and 
thermodynamics of the section 

• Low-pressure helium manifolds - Pressure calculated from flow rates and regulator logic based on 
crew regulator selection or simulated malfunctions 

• Fuel and oxidizer flow rates - Flow rate based on valve logic, porting hydrodynamics, and fluid 
pressures in the section. 

Simulationof the ascent propulsion section is based upon significant parametric computations programmed 
for each of the following major elements: 

• Fuel tank - Mass, pressure, and temperature based on thermodynamics of tank environment, outlet 
porting, relief valving, and simulated leakage. 

• Oxidizer tank - Mass, pressure, and temperature based on thermodynamics of tank environment, 
outlet porting, relief valving, and simulated leakage 

• Helium tanks No. 1 and 2 - Dual computations of mass, pressure, and temperature programmed for 
each tank, based on the operational state of gaseous helium thermodynamics of the section 

• Helium low-pressure manifolds - Pressure calculated from flow rates and regulator logic based on 
crew regulator selection and simulated malfunctions 

• Fuel and oxidizer flow rates - Flow rates based on valve logic , porting hydrodynamics, and fluid 
pressures in the section 

• Manifolding logic - Digital valving express ions based on control inputs, tank pressures (relief valves), 
available electric switching (circuit breakers and switch settings), and simulated malfw1ction inputs. 

2. 6. 2. 2 Simulation Methods. 

The flow diagram of the simulated MPS (figure 2-12) is based on the assumption that the LM MPS is limited 
to the controls and displays in the LM cabin. The ascent and descent propulsion sections are mathematically 
simulated; they provide computerized outputs for the LMS cabin displays and other subsystem r equirements. 

The pressure, temperature. and quantity of hel ium in the two ascent section helium tanks a r e determined 
by solving the perfect gas equation (with a correction for the behavior of the gas), the energy equation, and the 
tank quantity equation within the LMS computer. Helium consumption from these helium tanks is determined by 
the rel{ulator flows, which depend upon propellant tank pressures and valve positions. The simulated pressures 
at various points in the helium pressurization network are determ ineci from perfect gas equations and pressure 
drop equations. The flows are considered to be turbulent so that line resistances a r e constant. The heliurh 
temperature in each ascent propellant tank is determined from the computed energy balance equation. The 
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pressures at the bottom of the ascent propellant tan.ks are determined from the helium press ure in the tank and 
the pressure head resulting from spacecraft acceleration and lunar gravity. The simulated ascent engine 

~ parameters are determined from a simultaneous solution of thrust, chamber pressure, and propf'llant flow 
W equations. The engine thrust is inhibited by an excessive off-nominal mixture ratio or by insufficient time to 

settle Uw propellants. 

The descent e ngine i~ 1::1i111 ulatcd in a similar manner ; however, since the re arl' two propellant tanks for 
both fuel and oxidizer, the crossfluw between tan.ks is considered. Since the cross flow is considered to be 
small, the flow equations are modified accordingly . The effect of throttling the engine is considered in deter­
mining the descent engine parameters. 

The LMS flight crew uses all the normal LM MPS instruments and controls. Responses to the control 
inputs are displayed in the LMS cabin, on the instructor console, and on the telemetry console. The telemetry 
data for the simulated MPS are given in table 2-5. The MSFN symbols used in table 2-5 are identified in 
volume II. The instructor console includes repeater indicators for all flig·ht crew MPS indicator lamps and 
instruments, such as dual dial meters for fuel and oxidizer temperature and pressure, digital readouts for 
helium display and indicators for switch and circuit breaker settings. 

2. 6. 2. 3 MPS Controls and Displays. 

The MPS controls and readouts are located on the Commander's main instrument panel in the LMS cabin. 
The Commander and Systems Engineer each have paralleled hand controllers, and related cirr.uit control 
through their individual circuit breaker panels. The MAIN PROPULSION panel contains pairs of switches that 
control the helium supply of the descent and ascent propulsion sections. The panel also has status flags to 
display which helium regulator path is open. In addition to these controls, the LM crewmen have several in­
struments for monitoring the MPS. The pressure and temperature of the propellant tan.ks are monitored on two 
dual gages. Each gage has a single scale traversed by dual meter dials: one for fuel; the other, for oxidizer. 
A three-position toggle switch selects the ascent propellant tan.ks or either set of descent pr ope Hant tanks for 
d i.3play on these gages. Descent engine thrust is monitored on a dual dial instrum ent, which compares the true 
engine thrust (as computed from the chamber pressure sensors) with commanded thrust. The input to command 
thrust may be either the onboard LM guidance computer (LGC), which is part of the GN&CS, or manual input 
from the crewman's hand controller. The setting of the throttle control switch on the Commander's ENGINE 
THRUST CONT panel determines the source of the command input displayed. Several caution and warning 

Aannunciators are associated with the MPS. When any of these displays are illuminated, they also light the 
~ ASTER ALARM switch-lights, and initiate an audible warning in the c r ew headphones. The Systems Engi­

neer's caution panel includes an annunciator that indicates ascent engine high helium pressurization; another 
alerts the crew when propellants are sufficient for only 10 seconds of further ascent engine thrusting. The 
Commander's warning panel displays indications of abnormal ascent or descent propellant pressures, as well as 
a warning when the descent engine fuel supply is sufficient for only 120 seconds of additional thrusting. A 
numerical readout monitors the propulsion helium pressurization network. The HELIUM MON seven-position 
rotary switch at the lower portion of the MAIN PROPULSION panel selects temperature r eadouts for either 
ascent stage helium tank. The pressure of the common descent stage high-pressure helium manifold or ambient 
pressure may be selected, or the pressure of either ascent stage helium tank. The electrical loads of the MPS 
are distributed among circuit breakers divided between the Commander's and Systems Engineer's power buses. 

The instructor console includes repeater panels of all MPS- related LMS cabin controls and displays, in 
addition to the malfunction insertion and display units. 

2. 6. 2. 4 Malfunction Control. 

The instructor may use his MALFUNCTION INSERTION UNIT (MIU) to manually initiate a variety of sim­
ulated MPS problems , or he may leave the crew under automatic computer program control. The major com­
ponent of the ascent and descent propulsion sections (propellant and helium tan.ks, pressure regulators , valves , 
transducers, etc.) may be intentionally malfunc tioned individually or in combinations. (Refer to volume II.) A 
warning pilot lamp over each instructor console display informs the instructor that a false value is displayed 
because a simulated malfunction has been inserted. The correct reading may be obtained on the instructor con­
sole by initiating the TRUE READING pushbutton. The instructor console c ircuit breaker panels enable failure 
of any circuit breaker in the LMS cabin. The malfunctions initiated from the MIU are basically system faults 
and instrumentation errors. A step-ahead mode may be initiated during the training exercise, to advance the 
simulated mission to a desired time at an accelerated rate. All programmed maneuvers and malfunctions will 
be initiated during· this advance time interval. 
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Table 2-5. LMS Main Propulsion Subsystem Telemetry Data 

MSFN Range 

No. Description Low Nominal High Unit or fype• 

GP000l Ascent section helium tank No. 1 0 4,000 psia 
pressure 

GP0002 Ascent section helium tank No . 2 0 4,000 psia 
pressure 

GP0025 Ascent section regulated helium 0 300 psia 
pressure 

GP0201 Ascent section helium tank No. 1 +20 +200 " F 
temperature 

GP0318 Ascent section helium primary valve cc 
closed 

GP0320 Ascent section helium secondary valve cc 
closed 

GP0718 Ascent section fuel tank temperature +20 +120 o F 

GP0908 Ascent section fuel tank level low cc 
GP1218 Ascent section oxidizer tank +20 +120 o F 

temperature 

GP1408 Ascent section oxidizer tank low cc 
GP1501 Ascent section fuel valve pressure 0 250 psia 

GP1503 Ascent section oxidizer valve 0 250 psia 
pressure 

GP2010 Ascent section thrust chamber 0 150 psia 
pressure 

GP2997 Isolation B propulsion valves A cc 
mismatch 

GP2998 Isolation B propulsion valves B cc 
mismatch 

GQ3018 Descent section regulated helium 0 300 psia 
pressure 

GQ3435 Descent section helium supply 0 1, 750 psia 
pressure 

GQ3603 Descent section fuel tank No. 1 0 95 % 
quantity 

GQ360 4 Des cent section fuel tank No . 2 0 95 <r 
10 

quantity 

GQ3 611 Des cent s ection engine fuel pressure 0 300 psia 

GQ371 8 Des c ent s ec tion fuel tank No. 1 +20 +120 o F 
temperature 

GQ3719 Descent sec tion fuel tank No. 2 +20 +120 " F 
temper a ture 

GQ4103 Descent section oxidizer tank No. 1 0 95 % 
quantity 

GQ4104 Desc ent s ection oxidizer tank No . 2 0 95 % 
quantity 

•cc = Contact closure. 
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Table 2-5. LMS Main Propulsion Subsystem Telemetry Data (c ont) 

MSFN 
Range 

No. Des er iption Low Nominal High Unit or Type* 

GQ4111 Descent section engine oxidizer 0 300 psia 
pressure 

GQ4218 Descent section oxidizer tank No . 1 +20 +120 o F 

temperature 

GQ4219 Descent section oxidizer tank No . 2 +20 +120 o F 

temperature 

GQ4455 Descent section propellant tanks low cc 
GQ6510 Descent section thrust chamber 0 200 psia 

pressure 

GQ6806 Descent section variable injector 0 100 % 
position 

GQ7498 Shutoff valves A/ B midposition cc 
GQ7499 Shutoff valves C/ D midposition cc 

*CC = Contact closure. 

2. 7 ELECTRICAL POWER SUBSYSTEM. 

The LM Electrical Power Subsystem (EPS) provides all electrical power necessary for the LM to complete 
- its planned lunar mission. The LM supplies its own power from T-30 minutes through the ascent phase of the 

mission. The LM is supplied power from the CSM after transposition and docking . Functionally, the EPS con­
sists of a d-c section and an a - c section. Primary d-c electrical power within the LM is supplied by two 
batteries in the ascent stage a nd four batteries in the descent stage. (See figure 2-13.) Two additional silve r 
oxide-zinc batteries, separate from the EPS , supply power for activation of LM explosive devices . Each ascent 
and descent battery is partially discha r ged before launch, to avoid possible overvoltage damage to LM sub­
system electronics . Either ascent battery can supply all ascent electrical power loads during normal mission 
operations and an abort. All four descent batteries are r equired to provide the electrical power necessary to 
perform the complete mission from T-30 minutes up to the ascent phase of the mission. A curtailed mission 
can be executed, using three descent batteries . If two descent batter ies fail, the mission must be aborted. The 
total electrical requirements of the LM are such that approximately 47 kilowatt-hours (kwh) are supplied by the 
four descent batteries: approximate ly 18 kwh, by both ascent batteries . Two solid- state inverters s upply 115-
volt, 400-cycle power to LM elec tronic equipment. In addition to the primary ascent and descent batteries and 
a-c inverters , the EPS comprises four electrica l control assemblies (ECA' s), a r e lay junction box (R.JB) that 
contains deadface relays (DFR's) and abort stage r elays , and control and circuit breaker panels. 

Two ECA's in the ascent sta[a("e a nd two in the descent s tage provide control of, and protection for, ascent 
and descent stage battery power. Each descent ECA provides co ntro l of, and protection for, a pair of descent 
batteries and the associated power distribution system: eac h ascent ECA provides similar control of, and pro­
tection for, an ascent battery and the associated power distribution system . 

The RJB provides power control logic fo r the ascent and descent ECA's and deadfacing control for some of 
the main power paths between the LM ascent and descent staf!;eS. The r emaining power paths are controlled by 
the DFR's , which are manually contro llable from the ELECTRICAL POWER control panel on the Systems En­
i;ineer's center side console and are automatically opened (interrupting these power paths) upon receipt of an 
abort stage command . The RJB also provides control 101.?: ic and power feed junction po ints fo r connection of ex­
ternal power to the LM via the launch umbilica l tower . 

The ELECTRICAL POWER control panel contains switches and displays for control and monitoring of all 
a-c and d-c pow er sources in the LM. The a- c and d-c power feed c ircuits are protected by ci rcuit breakers 
on the Commander's and Systems Engineer's circuit breaker panels. 

- The LM lighting system comprises all interior and exterior lighting on the LM and the lighting control pan-
els. Interior lighting equipment includes floodlighting, electr oluminescent back lighting for instruments, 
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adv iso r y lights , and caution and warning lights. Each set of lights is associated with a variable control. The 
floodlights, and advisory , caution, and warning lights are supplied 28-volt d-c power. The electroluminescent 
lighting requires 115-volts, 400-cps, a-c power. Power to all interior lights, except the advisory, cat.ltion, 
and warning lights, can be shut down. Docking lights and a tracking light are provided on the LM exterior to 
aid in recognition, navigation, and docking. These lights are all controlled from e ither of the two LIGHTING 
panels at the LM crew station. A detailed description of the EPS is given in paragraph 2. 5 of Apollo Operations 
Handbook, LMA 790-3- LM 2. 

2. 7.1 ELECTRICAL POWER SUBSYSTEM CONFIGURATION REFERENCE. 

The simulated Electrical Power Subsystem realistically reproduces the operation of the LM-2 EPS. 
Batteries are not used in the LMS as a power source, although the effects and indications of battery operation 
are realistically simulated. 

2. 7. 2 SIMULA TED ELECTRICAL POWER SUBSYSTEM. (See figure 2-14.) 

2.7.2.1 Gene ral. 

EPS simulation realistically reproduces the effects of steady - state operation, perceptual response to cer­
tain transient conditions and equipment failure. Subsystem simulation includes indications of electrical power 
generation, availability, distribution, and operating status. Batteries are not used in the LMS as a power 
source. The effects and indications of battery operation, however, are realistically presented to the crew. 
Crew station controls and indicators, gross data flow, and instructor station controls and indicators peculiar 
to the EPS are shown in figure 2-14. All simulated LM subsystems that are dependent upon electrical power 
must access the core addresses reserved for the computed values of the EPS outputs. When power bus faults 
exist, these power-dependent subsystems simulate a subsystem failure. The EPS controls and indicators in 
the LMS cabin are mounted in the same configuration as those in the actual LM. Crew control inputs and sub­
system output displays are monitored at the instructor console. The status of all switches , flags, a nd annunci­
ators is also repeated at the instructor console. 

Simulation of the EPS is based upon detailed parametric computations of each of the following major 
elements: 

• Battery impedance 

• Battery current 

• Battery open-circuit voltage 

• Battery terminal voltage under load 

• Battery temperature 

• Battery state of charge 

• Commander 's d-c bus voltage and current load 

• Systems Engineer's d-c bus voltage and current load 

• A- C power bus voltage and current load 

• Bus power availability logic . 

2. 7. 2. 2 Simulation Methods. 

The EPS descent and ascent electrical control assemblies (ECA's) a r e the framework, as in the LM , for 
the computation and determination of power paths from the batteries to the d- c power distribution buses. The 
computation of overcurrent and revers e- current relay logic is also performed in the ECA-related complexes. 
Simulated battery parameters such as voltage and current a r e calculated in the battery complexes. In addition, 
computations to determine available power of each simulated battery to the simulated LM s ubsystems are per­
formed in these complexes. The relay junction box (R.JB) complex conta ins the computations of deadfacing and 
abort relay logic, tush providing the same R.JB link in the LMS as in the actua l LM. The electrical power 
distribution bus complex is made up of computations that determine the availabi li ty of electrical power at the 
distribution buses, the availability of electr ical power to the s ubsys tems, the dc-to-ac inverter logic , and 
distribution of a-c power, and the computation of e lectrical power used by the subsystems at the distribution 
buses. The circuit breaker logic complex continually receives information from the circuit breaker panels, 
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regarding the status of each circuit breaker. This information is then transmitted to the electrical power dis­
tribu~ion bus complex for use in determining electrical powe r available to each subsystem or major component. 

A. The circuit breakers are remotely controlled by the instructor from a circuit breaker and status control p~nel , 
.. whicl\ also indicates the status of each EPS circuit breaker. The indicator log ic complex performs the duties 

of a clear ing hous e for a ll parameter and malfunction indications. All these indications a r e routed to this com­
plex for use in determining the transmission of these signals and the allowable associated tolerances. 

The LMS cabin includes all controls, indicators , and meters, which are on the actual LM ELECTRICAL 
POWER control panels. The instructor console includes repeaters of all LMS cabin indicators, controls, and 
meters. Responses to the control inputs are displayed on the telemetry console , in the LMS cabin, and on the 
instructor console. The telemetry data for the simulated EPS are given in table 2-6. MSFN symbols used in 
table 2- 6 are identified in volume II. 

2. 7. 2. 2. 1 Simulated D-C Section. 

Descent Batteries. The simulated descent battery (batteries No. 1 through No. 4) power supplies 
subsystem power for LMS activity up to the lunar ascent phase of the mission. If a battery failure occures 
(instructor- inserted malfunction), curtailed mission objectives may be pursued with the three remaining simu­
lated batteries. 

Ascent Batteries. The simulated ascent battery (batteries No. 5 and No. 6) power supplies required sub- . 
system power for LMS activity for a normal mission, from the powered ascent phase of the mission to docking, 
or during an abort, which requires ascent stage separation. · 

Descent Electrical Control Assemblies. Two descent electrical control assemblies (ECA's) are simulated 
in the LMS. Each ECA controls and protects two descent batteries and associated circuitry. The descent ECA 
logic complexes compute and determine power paths from the simulated descent batteries to the d-c power dis­
tribution buses. The ECA complexes also compute EPS reverse current and overcurrent in the descent stage . 

Ascent Electrical Control Assemblies. Two ascent ECA's are simulated. Each ECA controls and protects 
an ascent battery and its associated wiring. The ascent ECA logic complexes compute and determine power 
paths from the simulated ascent batteries to the d-c power distribution buses. 

A Relay Junction Box. The relay junction box (RJB) logic complex computes required deadfacing between the 
W ascent and the descent stage, and abort relay logic. 

Circuit Breakers. The circuit breaker logic complex receives status information from the LMS cabin 
circuit breaker panels. This information is routed to the power distribution logic complex, where it is used 
in determining electr ical power available to the subsystems. Crew circuit breaker status is displayed at the 
instructor console. The instructor can fail all LMS cabin circuit breakers, at the instructor console. 

Electrical Power Distribution. The electrical power distribution bus logic complex computes availability 
of electrical power at the distribution buses, to the subsystems and to the dc-to-ac inverters. The inverter 
logic, a-c power distribution, a nd the power available to the subsystems is computed in this logic complex. 

Switch Position Indicator Logic. This complex supplies the instructor console with switch position infor­
mation associated with the LMS cabin momentary switches. 

Indicator Logic. This complex processes all EPS parameter and malfunction indication ctata. 

AMS Interface. This complex provides a tie point for integr ated LMS-AMS operation. 

2. 7. 2 . 2. 2 Simulated A-C Section. 

The LMS a-c section simulates the operation of two d-c to a - c inverters and distribution of a-c power to 
various s ubsystems . In the LMS, the a- c power gener ation and distribution is processed in the electrical power 
distribution bus logic . 

2. 7. 2. 2. 3 Lighting Logic. 

The logic complex of the simulated lighting section contains the s ignals required for exterior lighting 
(docking and tracking lights) and power-available signals for the interior light ing . The operating signals for 
the navigation lights are fed to the AMS interface. Thes e signals a r e used by the AMS visual system during 
integrated training. -
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Table 2- 6. LMS Electrical Power Subsystem Telemetry Data 

MSFN Range 

No. Description Low Nominal High Units or Type* 

GC0071 A-C bus voltage 0 125 volts 

GC0155 A- C bus frequency 380 420 cps 

GC0201 Battery No . 1 voltage 0 40 volts 

GC0202 Battery No. 2 voltage 0 40 volts 

GC0203 Battery No . 3 voltage 0 40 volts 

GC0204 Battery No . 4 voltage 0 40 volts 

GC0205 Battery No. 5 voltage 0 40 volts 

GC0206 Battery No . 6 voltage 0 40 volts 

GC0301 Commander's bus - d- c volts 0 40 volts 

GC0302 Systems Engineer's bus - d-c volts 0 40 volts 

GC1201 Battery No . 1 cur rent 0 60 amperes 

GC1202 Battery No. 2 current 0 60 amperes 

GC1203 Battery No . 3 current 0 60 amperes 

GC1204 Battery No. 4 cur r ent 0 60 amperes 

GC1205 Battery No . 5 current 0 140 amperes 

GC1206 Battery No. 6 current 0 140 amperes 

GC4361 Battery No. 1 high tap cc 
GC4362 Battery No. 1 low tap cc 
GC4363 Battery No . 2 high tap cc 
GC4364 Battery No. 2 low tap cc 
GC4365 Battery No. 3 high tap cc 
GC4366 Battery No. 3 low tap cc 
GC4367 Battery No. 4 high tap cc 
GC4368 Battery No. 4 low tap cc 
GC4369 Battery No. 5 on Commander's bus cc 
GC4370 Battery No. 6 on Commander's bus cc 
GC4371 Battery No . 5 on Systems Engineer ' s cc 

bus 

GC4372 Battery No. 6 on Systems Engineer's cc 
bus 

GC9961 Battery No. 1 fail cc 
GC9962 Battery No. 2 fail cc 
GC9963 Batte ry No. 3 fail cc 
GC9964 Battery No. 4 fail cc 
GC9965 Battery No. 5 fail cc 
GC9966 Battery No. 6 fail cc 

*CC - Contact closure. 
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2.7.2.3 EPS Controls and Displays . 

- The LMS cabin source of electrical ener gy is a group of six simulated batteries . In the LMS cabin, four 
of these batteries may be operated in a high- or low-output mode . The EPS control panel includes eight 3-
position sw itches for the simulated descent section batteries. Four of these switches (one for each batter y) 
provide selection for high voltage output or off. The switches are spring loaded to the center position. Raising 
any switch against a momentary contact results in latching the battery control relay into the high- voltage con­
figuration. When released to the center position, the high-output on setting is maintained. Setting the switch 
downward to the lower momentary contact drops out the battery control relay, disconnecting the battery from 
the power bus. When the control switch returns to the center position, the OFF/ RESET setting is maintained. 
A set of four similar switches (one for each battery) is used by the astronauts to selec t the low-voltage setting 
for each battery. Four status flags above the battery switches indicate which batteries are on line , by a gray 
display. The off-line condition is indicated by a barberpole display. Two 3-position switches (spring loaded 
to the center position) provide control of the normal output path for each of the two ascent batteries. Set up­
ward to ON against one momentary contact, the switches latch up the battery control relay to the normal feed 
connection. When released, the switch returns to the center position, leaving the control relay latched. Mo­
mentar ily setting the switch downward drops out the control relay, disconnecting the battery from the power 
bus. The OFF/ RESET setting is maintained when the switch returns to its center position. Two other similar 
switches connect the backup feed outputs of the batteries to the power bus. Four 2-position flag indicators 
display the mode selection for the two ascent stage batteries. The flag is a grey display over the FEED switch 
selected ON, and displays a barberpole over the FEED switches that have been cut off. The flight crew may 
monitor the EPS, using a voltmeter and ammeter mounted adjacent to these switches. A POWER TEMP MON 
10-position rotary selector switch connects these indicators with each of the six batteries , with the Commander's 
power bus , the Systems Engineer 's bus, or with the a-c bus. The tenth (off) position disconnects the meters. 

Dir ectly below the rota r y selector switch is a three-position (center off) toggle switch fo r selecting simu­
lated a-c inverter No. 1 or No. 2. A three-position (spring loaded to center) switch and status flag are pro­
vided for the crew to control the power bus connections. (Bus transfers are normally under completely 
automatic control , assuring power continuity without manual inputs by the astronauts.) This switch will dis­
connect the input from the descent stage to the powe r buses . Momentarily deflected to the DEADFACE position, 
the four simulated descent stage batteries are dis connected from the LMS cabin electrical load. Deflected to 
the CONNECT momentary contact, the switch causes the descent stage batteries to be r econnected to the normal 

A bus control circuitry . As the switch returns to its center position, the system remains at the setting last 
W selected. A status flag mounted above this switch displays a barberpole when the simulated descent stage bat­

teries a r e disconnected. The ELECTRICAL POWER control panel also includes a BAT FAULT lamp, which 
warns the crew of abnormal cond itions of the batter y chosen for monitoring with the meter selection switch . 
Emergency power situations are displayed on the Systems Engineer 's and Commander's caution and warning 
annunciator panels . Four indicator la mps warn of malfunction conditions. These emergency condition signals 
also trigger the audible MASTER ALARM system. Circuit breakers provided for all major EPS functions, are 
monitored on the instructor console. 

The EPS lighting controls are divided between LMS cabin panels . The Commander contr ols the dimming 
of the cabin interior lights. He has a potentiometer to adjust the brightness level of the annunc iators (caution/ 
warning) and the numerical readouts. Another knob varies the brightness of the elect r oluminescent integrally 
lighted markings and displays. In the event of dimming potentiometer failure , three override switches are 
provided, which give full brightnes s to the annunciators , the numerical readouts , or the integrally lighted dis­
plays. Though the brightness level of cabin side panels is contro lled by the Commander , either c rewman may 
extinguish his side panel lighting with separate on-off toggle switches . The Systems Engineer controls the 
exterior lights, the lighting test function, and the cabin floodlights. A three-position toggle switch adjusts the 
cabin overhead lamp lighting to partial , full , or off settings. A EXTERIOR LTG five-position r otary switch 
adjus ts the tracking beacon from 1 % to 100% of full br illiance . The same knob a lso supplies power to the 
docking light. The lamp test functions are controlled by the LAMP/ TONE TEST eight- position rotar y selec tor 
switch (with "off" settings at both extremes fo r crew convenience) . One position tests the lamps in both 
MASTER ALARM indicators and sounds the MAST ER ALARM audio tone. Four other settings individually light 
all lamps in the four clusters of caution warning annunciators. One of these four settings a lso switches on the 
engine stop-start button lamps. The remaining setting lights all component caution pilot lamps simultaneously 
fo r bulb checking. Repeaters of a ll LMS cabin controls , indicators, and displays are included on the instructor 
console . 

2. 7. 2. 4 Malfunction Control. 

The instructor may use his MALFUNCTION INSERTION UNIT (MIU) to manually initiate a variety of sim­
ulated EPS problems , or he may leave the crew unde r automatic computer program control. Every major 
component of the EPS may be intentionally ma lfunctioned either individua lly or in combinations . A warnin~ 

. - >ilot lamp over eac_h of the instr_uctor console displays informs the instructor that a false value is displayed 
because a malfunct10n has been inserted. The correct r eading may then be obtained (on the instructor cons ole) 
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by activating a TRUE READING pushbutton. The instructor console circuit breaker panels also enable failure 
of any of the crew's EPS circuit breakers in the LMS cabin. The malfunctions consist basically of system faults 
and instrumentation errors. A step-ahead mode may be initiated during the training exerc ise to advance the 
simulated mission to a desired time, at an accelerated rate. All programmed maneuvers and malfunctions are 
initiated during this advance time interval. A complete list of malfunctions available for insertion into the EPS 
simulation is in section 2 of volume II. 

2. 8 INSTRUMENTATION SUBSYSTEM. 

The LM Instrumentation Subsystem (IS) monitors all LM subsystems during manned miss ions, performs 
in-flight checkout, prepares LM status data for transmission to MSFN, provides timing frequencies and cor­
related synchronizing data for LM subsystems , stores voice, and, during the lunar mission, performs lunar 
surface checkout and scientific instrumentation for lunar experiments. 

The IS consists of the LM subsystem sensors, a signal-conditioning electronics assembly (SCEA), a pulse­
code-modulation and timing electronics assembly (PCMTEA), a caution and warning electronics assembly 
(CWEA), and a data storage e lectronics assembly (DSEA). (See figure 2-15 , ) 

The subsystem sensors used in conjunction with the IS a r e located in the individual LM subsystems . These 
sensors continually check subsystem status by sens ing physical data (temperature, valve action, pressure, 
switch position voltage, and current). These sensed da ta are changed into electrical signals (digital or analog) 
compatible with the requirements of the SCEA or PCMTEA. 

The SCEA converts all unconditioned sensor output signals to the proper level and format required by the 
PCMTEA and the CWEA. The SCEA also provides the initial exc itation power to sensors located throughout the 
LM , which ar e not supplied by their individual subsystems. The unconditioned signals are routed to applicable 
converter, demodulator, attenuator, and buffer circuits that generate the proper digital or analog outputs . 

The PCMTEA cons ists basically of pulse- code- modulation equipm ent and timing equ ipment. The PCMTEA 
converts and combines all the data inputs gene r ated by LM subsystem sensors into one serial dig ital output 
signal. These signal trains are routed to the Com munications Subsystem (CS) for transmission to MSFN or the 
CSM. The timing electronics of the PCMTEA provides timing frequencies and corre lated synchronizing data to 
all LM subsystems requiring this input. Input signals for the pulse- code-modulation equipment are of thr ee 
types: high-level analog , parallel digital, a nd serial digita l. Some para llel digital and high-level analog inputs 
are supplied directly to the PCMTEA from subsystem sensors; all other signals are first processed through the 
SCEA. PCMTEA output data is routed to the CS in nonreturn-to- zero (NRZ) format at a high or low bit rate, 
and in return- to-zero (RZ) format at a low bit rate. The CS transmits the NRZ data to MSFN via S-band; the 
RZ data, to the CSM via VHF. The timing generato r supplies the timing signals required for generating digital 
signal frame sync, frame identification, and format identification data. 

The CWEA provides the LM astronauts and MSFN with a continuous r apid check of LM status during lunar 
missions. By continuously monitoring the subsystem status data supplied by the SCEA, malfunctions are im­
mediately detected . When a malfunction is detected, the CWEA provides signals that light the appropriate 
caution lights (on the Systems Engineer 's center panel) or warning lights (on the Commander ' s center panel), 
and MASTER ALARM lights (on both pane ls). Detected malfunctions a lso activate tone gene rators that provide 
the astronauts with an audible signal in their headse ts and s upply the PCMTEA with a r elated telemetry signal. 
The LM cabin warning lights indicate s ubsystem malfunctions that jeopardize astronaut safety and require Im­
media te action: the caution lights indicate malfunctions that a r e not of an emergency nature and do not require 
immedia te action. 

The DS EA is a s ingle- s peed , four-track, magnetic tape recorder with associated e lectronics that stores 
voit:e and ti me- corr ela tion data (elapsed time of the mission) during periods of transmission blackout to MSFN 
or the CS M. A ma..'<imum of 10 hours of r ecording time is provided , 2. 5 hours on each track. 

The IS accepts subsys tem status data te mperatur e, valve action, pressure , sw itc h pos ition , voltages , and 
current) obta ined by s ubsystem sensors . The sPnsors convert physical data to analog or digital signals and 
route these s ignals to the SCEA, or directly to the PCMTEA if signal conditioninL!; is not required. The SCEA 
accepts uncondi t ioned analog signals and processes these data into high-level analog form (0 to +5 volts de) or 
dig ita 1 for m ( +3. 4 to +6 volts de for logic 1: 0 to +0. 5 volt de fo r log ic 0). These data are then routed to the 
PCMTEA and, in the case of a malfunction, also to the CWEA. · 

The conditioned signals suppl ied by the SCEA, or directly from the subsystem sensors to the PCMTEA, are 
changed to seria l digital form for transmission to earth at one of two bit rates : 1, 600 bits per second (low rate) 
or 51,200 bits per second (high rate). Subcarrie r fr equencies, time reference signals , and s ync pulses are 
generated in the PCMTEA and supplied to all other subsystems that r equire them for proper operation. 
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Analog and digital signals supplied from the SCEA to the CWEA are constantly monitored and compared to 
internally generated limits. On detecting an out-of-limit condition (malfunction), the CWEA provides output 
aignals to light the associated caution or warning indicator lamp and the MASTER ALARM lamp, and to trigger 
a tone generator. Malfunction indications are in two distinct categories: warnings, for malfunctions that 
jeopardize astronaut safety and require immediate action; cautions, for malfunctions that do not require im­
mediate action, but do require remedial attention. 

The DSEA provides voice recording during transmission blackout. The audio signal is supplied from the 
astronaut's bus in the CS to the DSEA, where it is recorded along with time reference signals (mission elapsed 
time). Ten hours of recording time are provided in this assembly. There are no provisions for playback 
during the mission; playback is accomplished upon returning to earth. 

A detailed description of the IS is given in paragraph 2. 9 of Apollo Operations Handbook, LMA790-3- LM 2, 

2, 8.1 INSTRUMENTATION SUBSYSTEM CONFIGURATION REFERENCE. 

The instrumentation Subsystem of the LMS accurately simulates the LM-2 IS. 

2. 8. 2 SIMULATED INSTRUMENTATION SUBSYSTEM. (See figure 2-16.) 

2, 8. 2, 1 General. 

The LMS Instrumentation Subsystem (IS) provides simulated LM subsystem sensor data for transmission 
to the simulated MCC via the telemetry console. This data is transmitted at a rate and format identical with 
that of the actual LM subsystem. All sensor values displayed on the LMS cabin panels are simulated by the 
LMS computer complex. Only the telemetry measurements, which have a real-time display requirement, are 
dynamically simulated for telemetry transmission to the simulated MCC. In addition, actual biomedical sensor 
data and/ or prerecorded biomedical telemetry data are transmitted to the simulated MCC. 

The signal-processing section of the simulated IS accepts computer-generated sensor outputs and converts 
them into a pulse-code-modulated (PCM) format of eight-bit word lengths with code frame and rate identical 
with that of the actual LM. The DSEA in the LM is a magnetic tape recorder, used to .record voice and digital 
time data. The DSEA is simulated in the LMS with a wooden mockup. Though the signal-processing and 
telemetry assemblies of the vehicle are not monitored by the crew during the mission, the LMS provides full 
telemetry instrumentation for the simulated MCC complex. All normal system status and biomedical data ar~ 
generated within the LMS in authentic PCM format at the high or low bit rate of data transfer. The telemetry 
console monitors all the discrete and analog telemetry data , and deliberately distorts this data, when desired, 
to simulate various malfunctions of the simulated LM telemetry equipment. 

2. 8. 2. 2 Simulation Methods. 

The IS sensors are simulated within the LMS computer and the computation results stored in the memory. 
The computer memory stores approximately 400 different high-level, low-level, and discrete sensor values, 
which are continuously updated in accordance with the latest input signals. These data are then transmitted via 
a buffer stage to the telemetry console. The master alarm logic accepts subsystem malfunction outputs from 
the LMS computer and generates a signal to simulate the MASTER ALARM display (visual and audio). The 
PCM, DSE, and PCMTEA turn-on logic generates signals based on control positions in the LMS cabin and 
power-available signals from the simulated EPS. Thes e signals are fed to the EPS to indicate that the PCM, 
DSEA, and PCMTEA are on. The IS timing logic generates the simulated sync pulses fed to other simulated 
subsystems. 

The telemetry console comprises recorders, a data display unit, interface equipment, PCM telemetry 
simulator problem readout, and associated equipment. The telemetry console input from the LMS computer 
buffer is via the PCM telemetry simulator, which conditions the inputs and forms them into the PCM format 
code frame and rate identical with that of the LM , for simulated transmission to MCC. The telemetry console 
is capable of the following: 

• Monitoring all telemetry data (except ISLGC data) before their conversion to a final telemetry format 

• Monitoring LMS instrumentation control/switch positions that govern PCM rates and modes 

• Inserting faults into the LMS (except ISLGC) telemetry system 

• Displaying modified data (except ISLGC data) 

• Displaying bilevel parameters or indications (other than ISLGC) 

2-56 

_f 



LMA790-2-LMS 

LEGEND 

NRZ - Nonreturn to Zero 
-------------------------------··-------------------------------------------------------------------, r PULSE-CODE-Mt)!)! •LATION AND TIMING ELEC1"RONICS ASSEMBLY (PCM TEA} 

LGC - LEM Guidance Computer 
PAM - Pulse Amplitude Modulation 
AGS - Abort Guidance Section 

: TIMING eiicltol9111111111111IIC .. S ..... {T11111E ... ) -------■---------------------------. 
" 

I 
I 
! . 

.. 
} SYNC - 6. 4 KPPS TO EPS 

.. .. ... 
CES - Coi'ltrol Electronics Section 
EPS - Electrical Power Subsystem 
COMM - Communications 

I 
I 
I 

I' 
~ l 

~ I 

· "'51: - System Engineer 
CMD - Commander 
CB - Circuit Breaker 

I .. 
1024 KPPS SYNC SIGNAL FROM LGC------------,1r--+------.-----~-~~----------t ... 

\ 

PHASE-L10CK 
OSCILLATOR 

AND DOUBLER A 
TIMING 

GENERATOR 
AND OUTPUT 

BUFFERS 

SIG SENSOR _.., 
CB (SE CB PANEL) 

TO CREW SYSTEMS DISPLAYS.,.~1--------, 

SUBSYSTEM SENSORS 

STABILIZATION 
AND 

CONTROL 

REACTION 
CONTROL 

ENVIRONMENT 
CONTROL 

GUIDANCE 
AND 

NAVIGATION 

ELECTRICAL 
POWER 

I 
I 

I 

COMMUNICATIONS 

RADAR 

STRUCTURES 

PYROTECHNICS 

PROPULSION 

I 
I 

I 

I 

I 
I 

HIGH- 1 

LEVEL I 
CONDANDI 

PRECON 

IA. -

ANALOG SIGNA,Y 

CALIB 
REFER 

VOL 

CALIBRAT 

1 

I 

j 

l 
l 
! 

' HIGH-LEVEL 
ANALOG 

MULTIPLEXER 

,I 

i DRIVE 
SIGNALS 

ANALOG 
MULTIPLEXER 

DRIVERS 

HIGH-LEVEL 
PAM SIGNALS HIGH-­

SPEED 
GATES 

GATE 
COMMANDS 

TIMING SIGNALS 

HIGH-LEVEL 
PAM A/ D CONVERTER 

{CODER) 

SAMPLE AND 
HOLD COMMANDS 

••CODER CONT 
COMMANDS 

DIGITAL 
DATA 

TIMING 
SIGNALS 

DRIVER MODE SELECT COMMANDS 
PROGRAMMER 

GATING COMMANDS 

' . 

TIME 
ACCUMULATOR 

DIGITAL 
MULTIPLEXER 

MULTIPLEXED DATA 
(PARALLEL BINARY WORDS) .. ,.. 

SERIAL TIME CODE 
GENERATOR 

I 

• • 
i 
I 

• 
I 
I 
I 
I 
I 
I 
I 

... ... ... 
SYNC - 1. 6 KPPS TO CES .. .. 
SYNC- 512 KPPS TO COMM .... .. 
SYNC - 1024 KPPS TO AGS .... ... 
SYNC - 512 KPPS TO DISPLAYS ... .. 
10 CPS TO DISPLAYS ... 

...---------•----- SERIAL DIGITAL DATA FROM LGC 
i 

OUTPUT 
REGISTER 

AND OUTPUT 
BUFFERS 

I 
I 
I HIGH BIT RATE 
I SERIAL NRZ TO COMM 

-----+-••·-----•.._ (PULSE-CODED SUBSYSTEM i ... STATUS DATA) 

a----+--■ ------, .. ~ LOW BIT RATE SPLIT PHASE 
I ... DATA TO COMM 

SERIAL GATE COMMANDS 

'------,■---1~1------ SERIAL DIGITAL DATA FROM AGS 
I 
I 
I 

D-C POWER .. ~i----■ DC-TO- DC : 
TO PCM, AS .... CONVERTER - I POWER OFF 
REQUIRED ...... ---:, _____ :•~-----+----1IL..;..;;..,;.;,.;;;.;.....;;.;,.:__ PCM/TE CB (SE CB PANEL) 

I 

I SUBSYSTEM SIGNALS 

SIGNAL­
CONDITIONING 

ELECTRONICS 
ASSEMBLY 

(SCEA) l~f":'.-1'\\t . I 
L- - - - - - - - ■ l • .,.-~l-r- - - - - - - - - - - - - - - - - - -· - - - - - - • • • - - · • • - - · ■ • - - - - - - - - - - - - - - - - - •• - - 1111111 - - - • ■ - - - - - - - - - - ~ - - - - - - - - - - - - _.,,:_..I 

-+ TO CAUTION AND 
WARNING LIGHTS 

r--+ TO MASTER ALARM LIGHTS 

r+ TONE SIGNAL TO HEADSETS 

SIG CONDR 1 
CB (CMD CB PANEL)- START ABORT SIGNAL---- --~-­

START ABORT STAGE-----.. 
;J f't MASTER MASTER 

CAUTION AND .-------.. CAUTION AND WARNINIG WARNING CAUTION 
WARNING DATA STATUS INFORMATION! SIGNAL SIGNAL 

1---------- - ""l:.a CAUTION AND 
SIG COND 2 .. (ANALOG AND DISCRETE) WARNING 

CB (SE CB PANEL) ... J t 

!~[~- ELECTRONICS RESET SIGNAL FROM CREW SYSTEMS • ASSEMBLY 

CAUTION AND WARNING TEST -------- ---- ------:C::W::E::-A-c=B=---- 1 -J ,., . I ( CWEA > 
FROM CREW SYSTEMS (SE CB PANEL) --i--""'!! · --•-• ----.. 

-------~~ '-.: D~TA STORAGE I LECTRONICS SUBCARRIER TIMING 512 KPPS 

PCM BIT RATE (HIGH OR LOW) 

... TO ADVISORY FLAGS AND LIGHTS ... ... START PULSE TO AGS ... .. 
BIT SYNC PULSE TO AGS .. 

' 
.... STOP PULSE TO AGS ... 
... 

ST ART PULSE TO LGC ... .. -STOP PULSE TO LGC ... ... 
BIT SYNC PULSES TO LGC ... .. 
TO COMM ... 
F ROM PCM HI-LO SWITCH (PANEL -_____________ __. I i ,, ASSEMBLY 

vox SIGNAL FROM COMM I 1,_.., (DSEA) 
'~-··.:,_ .. _v_o_i_c_E __ .. END-OF-TAPE INDICATION RECORDER ON-OFF SWITCH {PANEL 12) ,~ t-:-M:-:'.IS:-:S~IO=--:N:-:--::E:-:'.L-:-A-::-PS:-:E:-::D~Tl::-M:-:E:-----------------------------------;---------------------------• ~T 0 RECORDER TAPE INDICATOR 

F LAG (PANEL 12) 

12) 

_ (TIME REFERENCE) I 
VOICE FROM COMM-------------------- i A-JOORM-157 

Figure 2-15. LM Instrumentation Subsystem, Block Diagram 

2-57/ 2-58 

,,. 



• 

LMS CABIN 

I II CU AC I I IICS TCA 11 CAIIN I 
1uc l'fl[SSI I C[S DC I (11Cs • 11n) lsu1THANI 

I 0£S MG II AGS I j11cs 111nl I 
I DES QTY 11 LGC I I oc IUS 11 

I 11 ISS I I II 

l•sc HI ll[G I i lNV[IIT[II I I 11 [CS I 

I ASC QTY 11 BAT'T[RY' I I IICS 11 0 z QTY I 
I [NGGIIIL 11 ANOZ ROAi I H[AT[A 11 GLYCOL I 

I 

I PGHS 
11 LOG 11011 I I c,w Pwll I lwATEII on! 

11 PAE AMPS I I II 

P / 0 COMMANDER'S 

CIRCUIT BREAKER PANEL 
~INST"'\ ,,..- INST~ ,.~ "" 

ICDt CONOa I 0 --,,.--0-

P/ 0 SYSTEMS ENGINEER'S 
CIRCUIT BREAKER PANEL 

I 

---- INST----
KM / U (WU MG MG 

WNtOI COfifOf l 

0000 

I 

I 
I 

COMPUTER 
,------------7 
I ,---------, ---~ I 
I MASTER ALARM TIMING LOGIC I 
I LOGIC .___ ____ __, I 
I I 
I ____ I 
I PCMTE, PCME AND I I DSE TURN ON LOGIC I 
I .___ __ ___, I 
L _____ ~l ______ _J 

,------- --------, 
I I I ALL SIMULATED LEM SUBSYSTEMS I 
L-------------~ 

TELEMETRY 
CONSOLE 

LMA790-2- LMS 

INSTRUCTOR CONSOLE 

CAUTI ON WA RNIIIG 

• sc PR£5s 

DE S REG LGC RC S 8 A'CG i; ,: i -;-_,J.j 

m 
t YS- lli13 

" °" 

MALFUNCTION INSERT ION UN IT 
VERIFY REG 

QE0 
,--- S YS TE M SHECT--., CODE SELECT 

MALFUNCTION 

1010101 
10 10 10 1 
1010 101 
10101 

000 
0 00 
000 ~ 

ST~r1SYS1 TE, , 
suTus lsvsl coDE 

·I I II 11 
STATUS lsvsl CODE 

31 I I I I I 
STAr 1SYS1 ri , 

8 

MALFUNCTION DISPLAY UNIT 

ST:rn rE, 1 

STA TUS ISYs l CODE 

61 I I I I I 
STATUS ISYSI CDOE 

7 I I I I I I 
STATUS ISYS I COOE 

·I 11111 

STAT US l&YS I COOE 

9 11 1111 
ST~:r i'si rl I 
STATUS ISYSI CODE 

"I I 1111 
STAT US ISYS I CODE 

12 I I II I I 

STAT~ 

14u.L_1 
sr• rus t,Ysl :cc~ 

,, I I I 

P / 0 SYSTEM ENGINEER CIRCUIT BREAKER 
STATUS CONTROL PANEL 

----INST - - -, 

18131@1@1 

P/ 0 COMMANDER CIRCUIT BREAKER STATUS 
AND CONTROL PANEL 

Figure 2- 16. LMS Ins trumentation Subsystem, Flow Diagr am 

A- LMS-1-156 

2-5 9/ 2-60 



LMA790-2- LMS 

• Selectin(.!; and displaying digital and/o r analog values (other than ISLGC) 

• Controlling and displaying normal fault and fault inserted telemetry data (except ISLGC data) 

• Monitoring ground tie-in controls 

• Providing problem-time readout. 

All data to be transmitted to the simulated MCC and AMS (except voice) passes through the telemetry con­
sole. Input data originates in the LMS computer through subsystem computer calculations. Output data may be 
classified into three groups, as follows: 

• Normal live data 

• Normal prerecorded biomedical data 

• Data (live or prerecorded) modified by insertion of one or more malfunctions in one of the telemetry 
circuits. 

Normal live data originates at one of the subsystem programs within the LMS computer and represents a 
clean signal (free of any purposely inserted defects or errors) or a signal modified by insertion of a malfunction, 
at the instructor console. This signal is fed to the telemetry console for further processing and/ or operations. 

Normal prerecorded biomedical data can be switched into the system in place of live data at the discretion 
of the instructor. 

It is possible to degrade certain input data by insertion of a malfunction. A partial list of the type of mal-
functions to which these signals can be subjected is as follows: 

• Level change - analog (abrupt) 

• Fixed level substitution - analog 

• Drift rate substitution - analog (gradual) 

• Manual variable - analog 

• Inhibit word - digital 

• Spurious events - biievel abrupt switching; no event or inhibit event - bilevel (except ISLGC). 

The flight crew in the LMS cabin uses all the normal LM IS displays and controls. Response to the control 
inputs is displayed in the LMS cabin, on the instructor console, and on the telemetry console. The telemetry 
data for the simulated IS are given in table 2- 7. 

2. 8. 2. 3 IS Controls and Displays. 

The IS caution panel is on the Systems Engineer's upper console. Indicator lamps r e lated to subsystem 
malfunctions (not requiring immediate action) are on this panel. The IS warning panel is on the Commander's 
upper console. Indicator lamps related to subsystem malfunctions (requiring immediate emergency action) are 
on this panel. When a subsystem fault causes any one of the caution or warning indicator lamps to light, the 
MASTER ALARM switch-light flashes, and a tone is heard in the astronaut headsets. Pressing the MASTER 
ALARM switch-light r emoves the MASTER ALARM light and tone, although the caution o r warning lamp r e­
mains lit until the malfunction is rectified or r e media l action is initiated. Circuit breakers that supply power 
to the IS a re on the Commander's and Systems Engineer's c ircuit breake r panels. 

All IS control settings and circuit breakers within the LMS cabin are monito r ed at the instructor console . 
The repeater displays on the console normally indicate the same data as that viewed by the astronauts. The 
instructor console includes repeaters of all caution/ wa rning displays and the MAST ER ALARM li~hts. These 
displays are also subject to simulated malfunctions. The caution/ warning repeate rs may be checked fo r bulb 
failure with the console lamp test switches. 

The instructor console also includes malfunction insertion and display units fo r manual control of all s imu­
lated failures or instrument deviations. Dual breaker groups also make it possible to open all LMS cabin circuit 
breakers. 
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Table 2- 7. LMS Instrumentation Subsystem Te lemetry Data 

MSFN 
Ranl;e 

No. Description Low Nominal Hi~h Unit or Type* 

GL0300 Frame synchronization 
and identification 

GL0302 Format identification 

GL0401 Calibration 85% 0 4.25 5 vdc 

GL0402 Calibration 15% 0 0.75 5 vdc 

GL0501 Mission elapsed time 

GL4026 CES power supply failure cc 
GL4027 CWEA power - caution cc 
Gi...4028 AGS power failure cc 

*CC = Contact closure. 

2. 8. 2. 4 Malfunction Control. 

The instructor may use his MALFUNCTION INSERTION UNIT (MIU) to manually initiate a variety of simu­
lated IS problems , or he may leave the crew under automatic computer program control. Major compontents 
of the IS may be intentionally malfunctioned individually or in combinations . The instructor console circuit 
breaker and status control panels also enable failure of any of the circuit breakers in the LMS cabin. The mal­
functions consist basically of system faults or instrumentation errors . A step-ahead mode may be initiated 
during the training exercise, to advance the simulated mission to a desired time at an accele r ated rate . All 

AProgrammed maneuvers and malfunctions a r e initiated during this advance time interval. A complete list of 
... malfunctions available for insertion into the IS simulation is in section 2 of volume II. 

2. 9 COMMUNICATIONS SUBSYSTEM. 

The LM Communications Subsystem (CS) provides communications links, during deep-space operations, 
between LM 2 and the Manned Space Flight Network (MSFN) and provides the only link between LM 2 and the 
CSM. The subsystem includes all equipment necessary to transmit and receive voices, as well as tracking and 
ranging data ; and to transmit telemetry, television, and emergency keying. A combination of S-band, VHF , 
signal processing, and television equipment is used as the communications link. (See fi gure 2-17.) 

The CS is divided into three groups: RF electronic equipment, signal-processing assembly (SPA), and the 
antenna equipment. The RF electronic equipment includes all subsystem equipment required to transmit and 
receive audio, video, pseudorandom noise (PRN), and telemetry data. The SPA is the common acquisition and 
distribution point for all CS received and transmitted data . It processes all voice and biomedical signals and 
provides the interface between the RF electronics and the IS. The CS antenna equipment consists of one steer­
able antenna and two omnidirectional antennas for S-band transceiving, and two in-flight antennas for VHF 
transceiving. A high- gain lunar-stay antenna for S-band transceiving and an extravehicular astronaut (EVA) 
antenna for EV A- LM VHF communications are also provided . 

Voice communications between the LM and MSFN are provided by the S-band transceivers ; between the LM 
and the CSM , by VHF/ AM. Teleme try communications to MSFN via VHF/ AM are possible during near-earth 
missions. Telemetr y data a re transmitted to MSFN via S- band (real-time oper ational instrumentation data), 
with the S-band equipment as the deep-space ranging and tracking transponder. The communications paths pro­
vided by the CS , and their purpose, a r e listed in table 2-8. 

All voice communications are accomplished through the astronauts' microphone and heads e t equipment. 
Voice communication is used be tween the LM and the CSM; between the LM and MSFN; between the LM, the 
CSM, and earth (conference); and between the astronauts (hardwired when both are in the LM) . Each astronaut 
controls the audio volume to his headset. The mic rophones, headsets, and AUDIO control panels a r e connected 
to the audio center subassemblies (one for each microphone . headset. and control panel combination) of the SPA. 

~ ch audio center subassembly serves as the common acquisition and distribution center for all voice communi­
W.tions . Depending on the selected mode of operation, voice is transmitted to MSFN or the CSM , or stored on 
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Table 2-8. LM Communications Links 

Link Mode Band Purpose 

Earth- LM-earth Pseudorandom noise S-band Ranging and tracking 

LM-earth Voice S-band In-flight communications 

LM-CSM Voice VHF simplex In-flight communications 

LM-CSM-earth Voice VHF S-band Conference (with CSM as relay) 

LM-earth Video S-band/ FM Television 

LM-CSM Low-bit-rate VHF (one Record and retransmit to earth 
telemetry way) 

Earth-LM Voice S-band In- flight communications 

LM-earth Biomedical - S-band In-flight communications 
telemetry (side-
band transmission) 

LM- earth- CSM Voice S-band Converenc e (with earth as relay) 

tape in the DSEA of the Instrumentation Subsystem (IS). Two types of voice communication are used in the CS: 
S-band and VHF. These are line-of-sight (LOS) carriers; both ends of the communications path must be in a 
clear line of sight for reception and transmission. 

LM 2 has transducers that sense and convert physical parameters from all subsystems into a form com­
patible with the s ignal- conditioning equipment in the IS. Biomedical data from sensors worn by the astronauts, 
and video from the television camera, are also processed throug-h the IS and transmitted via the CS to MSFN. 
The IS processes s ignals supplied by the transducers, converts them to pulse- code-modulated digital form , and 
routes them ser ially to the CS for transmission to MSFN via the S-band FM and PM transmitters , or to the CSM 
via VHF trans mitters . The LM-2 ranging and tracking equipment (S-band) enables MSFN to accurately deter­
mine the angular position and range of the LM. 

A detailed description of the CS is given in paragraph 2- 7 of Apollo Operations Handbook, LMA 790-3- LM 2. 

2. 9. 1 COMMUNICATIONS SUBSYSTEM CONFIGURATION REFERENCE. 

The Communications Subsystem of the LMS accurately simulates the LM-2 CS. The LMS CS simulation is 
performed without the use of RF equipment; all audio and data lines are hardwired to all related submits . 

2.9.2 SIMULATED COMMUNICATIONS SUBSYSTEM. (See figure 2-18.) 

2.9.2.1 General. 

The LM Communications Subsystem (CS) is simulated to include duplication of pheno mena peculiar to the 
fr equenc y bands used, time de lays, f!;eneral ope r ational characteristics of the specific equipment involved, and 
effec ts of vehicle position and attitude on communications capabil ity. During; simulated S-band LM earth com­
munications (transmission and r eception), the occultation effect of the moon between the simulated LM and · 
earth, and the occultation effect of the simulated LM betw een the S- band steerable antenna and earth arc not 
simulated. All S-band LM earth LOS calculations are computed to the center of ea rth. 

The followin[!.' details are significant in the s imulation of the LM CS: 

• A special communications audio control cf'nter provides voice-operated-switching (VOX) and all audio 
routing; and amplifi cations. A tone gene rator for e mergency keying is also provided. 

• A backup voice loop between crew and instructor is provided for emerg-ency use. 

• Two de lay recorders are provided at the instructo r console for incoming- and outgoing S-band-to- ea rth 
delay simulation. 
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• Sound effects (engine firing, staging, etc.) are generated to present aural cues to the crew; they are 
monitored by the instructor. 

• A monitoring recorder is provided for future playback of voice communications that commenced 
during the training exercise. 

2. 9. 2. 2 Simulation Methods. 

The entire LM communications simulation within the LMS is accomplished without any RF equipment. All 
Audio and data lines are hardwired and tied by simple switching logic. LMS crew station controls and indi­
cators, gross data flow, and instructor console controls and indicators (peculiar to the CS) are shown in figure 
2-18. All LMS cabin controls and indicators are located in the exact configuration as those in the LM. Crew 
control inputs and subsystem output displays are monitored at the instructor console. System operation in­
cludes available power logic, based on the proper operation of simulated circuit breakers and EPS bys switch­
ing. LOS cutoff and range attenuation effects are also calculated for each of the radio communications channels. 
Either instructor or the Mission Coordinator may contact the astronauts the LMS cabin, using the simulated 
radio communications channels . The Mission Coordinator and the Commander Instructor also have an emer­
gency backup audio loop, which permits direct contact with the astronauts, irrespective of the astronauts audio 
control settings, that is free of any signal degradation or interference. 

LM communications from outer space with the MSFN traverses a significant time span due to the extensive 
distances encountered. To duplicate this effect, simulated S-band communications are delayed 1. 2 seconds in 
each direction by a special-purpose tape record-playback unit. Further signal degradation may be introduced 
by the instructor by means of dual controls on the COMM INTERFERENCE panel. These controls permit the 
introduction of noise or message garbling in either VHF or S-band simulated communications. An illuminated 
switch and variable control knob are provided for each form of signal degradation. Noise signals are supplied 
from a filtered white noise source. Speech-garbling results from irregular audio filtering, which produces a 
peculiar harmonic response and results in less intelligible messages. These effects may be varied independtly 
in the simulated VHF or S- band subsystems. 

The LMS data acquisition system (DAS) includes an audio tape recorder, which is controlled by the in-• 
structor. This unit provides a permanent record of all audio communications carried on by the astronauts. The 
unit records in two modes: continuous recording, and VOX controlled (recorder on only when triggered by 
voice signals in the audio circuit). A panel- mounted warning light alerts the instructor when the tape unit is 
near the end of its recording capacity. The onboard dual-channel tape recorder aboard the LM is included as a 
mockup within the LMS cabin. The LMS is designed to interface with the controls of this simulated assembly, 
thereby permitting the astronaut training implementation. 

All switch settings on the dual astronaut's AUDIO control panels and Systems Engineer's side panels are 
repeated at the instructor console. In addition, CS circuit breakers and malfunctions are displayed in detail on 
the instructor console. All LMS cabin communications switch settings are repeated here , as well as the status 
flag indicator for the simulated onboard tape recorder. 

Yaw and pitch angles of the simulated steerable S-band antenna are continuously computed in the LMS, and 
displayed on the cabin indicators and instructor console instrument repeaters. The instructor console readouts 
are normally identical with those in the LMS cabin, although these parameters may be intentionally distorted 
(via the MALFUNCTION INSERTION UNIT). These indicators are provided with failure warning pilot lights. 
Correct readings will be displayed if the TRUE READING pushbutton on the instructor console is pressed . Pitch , 
yaw, and signal strength readouts are programmed to duplicate automatic or manual earth tracking procedures 
with this S- band antenna . These calculations-are computed using the equations of motion, and ephemeris 
(astronomical data) programs of the LMS. The Systems Engineer's antenna slewing controls a re monitored by 
indicators at the instructor console ; no other CS potentiometers are similarly displayed . 

The flight crew in the LMS uses all of the normal LM CS instruments a nd controls. Response to the control 
inputs are displayed in the LMS cabin, on the instructor console, and on the telemetry cons ole. The telemetr y 
data for the simulated CS is given in table 2- 9. MSFN symbols used in table 2- 9 are identified in volume II. 

2. 9. 2. 3 CS Controls and Displays. 

Except for the Commander's AUDIO panel and hand-operated translation controller , a ll CS contr ols and 
displays are oper ated and controlled by the Systems Engineer. An AUDIO panel (identica l with the Com­
mander's) , COMMUNICATIONS panel, and a COMMUNICATIONS ANTENNAS pa nel are located on the Systems 
Engineer's side console, to control extravehicula r and intravehicular communications. The S-band system 
includes dual driver multipliers and dual power amplifiers, with individual power supplies. These redundant 

A systems are contr olled by individual toggle s~itches on the COMMUNICATIONS panel. The s_y stems Engineer 
W may select the pr unary or secondary transceiver, and the primary or secondary power amplifier , fo r use. 
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Table 2-9 . LMS Communications Subsystem Telem etry Data 

MSFN 
No. Description Low Nomfnal High Unit or Type 

GT0201 S- band power amplifier RF power output 0 25 watts 

GT0202 S- band power amplifier RF reference 0 25 watts 
power output 

GT0992 Transponder - steerable angle error - 15 +15 degrees 

GT0993 S- band transmitter RF power output 0.5 1 watts 

GT0994 S- band receiver AGC 0 4.2 vdc 

Phase modulation or frequency modulation may be selected. Three center-off toggle switches are provided to 
set up the functional mode for the S-band equipment voice, voice backup (using an alternate fr eque ncy-modulation 
mode), range (in the PRN trans ponding mode), video, pulse code modulation (of telemetry data), or e me r gency 
keying. The emergency key function is used to transmit Morse code signals to MSFN if the simulated LM's 
audio equipment fails. The S-band carrier is then keyed by the astronaut's mike button. There a r c separate 
power switches for the two VHF transmitters and the two receivers . Separate SQUELCH control potentiometers 
are also provided for eac h receiver. Control of the telemetry data is provided by two pa nel switches. The hi gh 
(S-band only) or low rate of pulse-code-modulated (PCM) data transfer is selec ted by a two-position tog!,'; le 
switch. A three-position, center-off toggle switch arms the biom edical suit sensor and signal-processing units 
for either the Commander or Systems Engineer. The LM is equipped with a four-track recorder to collect 
voice commentary of the LM communications when voice transmission is not possible (behind the moon) . The 
tape recorder consists of a mockup in the LMS and is not functional. The tape unit is switched on by the SE 
(Systems Enginee r). At the end of the simulated 10-hour tape capac ity, a warning flag is displayed adjacent to 
the RECORDER power switch. 

Four antennas a r e provided on the LM for S-band communications. The Systems Eng ineer COMMUNICA­
TIONS ANTENNA panel includes a rotary switch for selection of the antenna is to be used. The steerable disk 
antenna pitch and yaw angles (with respect to the LM body axis) are continuously displayed on angle meters. 
For manual steering, the Systems Enginner sets his TRACK MODE toggle switch to SLEW, which enables the 
PITCH and YAW control knobs to activate the antenna servomotors. The SIGNAL STRENGTH meter indicates 
the optimum position of the disk antenna (maximum signal strength) at any particular time . When the SE 
TRACK MODE switch is set to AUTO, the Systems Engineer also uses a rotary VHF selector switch on the 
panel to select either of the two omnidirectional antennas, the EV A antenna mast , or the portable life support 
system (PLSS) test connection jack, for necessary VHF signal coupling. (In the ac tual LM , the PLSS is ti ed 
into the CS , for testing, before egress to the lunar s urface . ) 

The CDR a nd SE have AUDIO control panels , which have identical controls: Paralle l mode switches are 
provided for each of the major audio functions. (The VHF (channels A and B), S-band , and inte r com (ICS) net­
works eac h have a three-position toggle switch to provide transcc ive, rece ive only, or audio-off conditions . 
Each of these ne tworks also has a VOLUME control to adjust the sound level of that particular input as it is 
hea rd in the astronaut's headset. A MASTER VOLUME control adjusts the total volume level. The r edundant 
audio system includes a backup channel. which may be selected by e ithe r as tronaut at his AUDIO control panel. 
Normal mike switching of t he LM audio system may be automatically controlled by a voice-operated r e lay unit 
(VOX). When the VOX relay is se lec ted at e ither astronaut's AUDIO pane l. the intercom or transmitter "press­
to- talk" function is automatica lly controlled by the sound of the ir voice in their mic rophones. The voice volume 
leve l required to trigger the "talk" switch is adjustable with an adjoining VOX SENS co ntrol. A three-position 
VOX toggle switch makes it possible to r estrict the VOX automatic function to the intercom system only, or to 
disable the system such that the manual mike sw itch on the s uit umbilical or attitude hand cont r olle r must be 
usf>d to key the "talk" mode of the ICS and the transmitte r . 

The astronaut's audio system is also ti ed into the ca uti on and warning indicator lamps of the IS. Whe n 
abnormal or emergency situations are detec ted by the Instrum entation Subsystem (IS), caution or wa rn ing an­
nunciators a r e illuminated on the Commander's and System Engineer's central consoles. An alerting a udio tone 
is then introduced into the headsets to emphasize the visual display of any detected subsystem malfunctions. The 
CS e lectrica l loads within the LM are energized by the two main power buses. Power distribution and control 
are provided by the respective circuit interrupters at the Commander's and Systems Engineer's c ircuit breaker 
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panels. The instructo r console contains r epeaters of all CS controls, indicators, and circuit breakers that are 
in the LMS cabin. Monitoring and evaluation of crew responses durin~· a trainin~ mission are thereby possible. 
The CS indicator readouts at the instruc tor console are normally identical with thosP in the LMS cabin. Since 
these parameters may be intentionally distorted (due to inserted malfunctions), the indicators arc provided with 
failure warning pilot li~hts. Actual, undistorted indicator readouts ari i displayed wtwncvcr the instruc tor 
presses the console TRUE READING pushbutton. 

2. 9 . 2. 4 Malfunction Control. 

The instructor may use his MALFUNCTION INSERTION UNIT to initiate a variety of simulated CS prob­
lems, or he may leave the crew under automatic computer program control. Every major portion of the CS 
may be intentionally malfunctioned either individually or in combinations . A warning lamp over each of the 
instructor console CS displays informs the instructor that a false value is being displayed because a malfunction 
has been inserted. The correct indicator readout may be obtained by pressing a TRUE READING pushbutton on 
the console. The instructor console circuit breaker panels also enable failure of any LMS cabin circuit 
breaker. The malfunctions consist basically of subsystem faults and instrumentation errors. A step-ahead 
mode may be initiated during the training exercise, to advance the simulated mission to a desi red time at an 
accelerated rate. All programmed maneuvers and malfunctions are initiated during this advance time interval. 
A complete list of malfunctions available for insertion into the CS simulation is in section 2 of volume II. 

2. 10 EXPLOSIVE DEVICES SUBSYSTEM. 

The LM Explosive Devices Subsystem (EDS) provides the astronauts with the capability to operate or 
enable various LM equipment by explosive devices (Apollo standard initiators, commonly called pyrotechnic 
initiators). Some of the functions the explosive devices initiate are landing gear deployment; pressurization of 
the descent engine, ascent engine, and reaction control engine propellant tanks; and ascent and descent stage 
separation. 

There are two complete and separate circuits for the EDS. (See figure 2-19 . ) Each cir cuit has its own 
+28-volt d-c battery, relays, bus, wiring, fuses, and initiators. Redundant features are incorporated through­
out to provide safety and additional protection. Figure 2-20 indicates the general location and the type of 
components that the EDS comprises . Electrical protection of critical EDS components is afforded by circuit 
breakers on the Commander's and Systems Engineer's circuit breaker panels . Power to arm each circuit is 
provided by one of the d-c distribution busses (Commander's or Systems Engineer's). 

The EDS consists of two batteries, a control panel, two fuse and relay boxes, two pyrotechnic power 
buses, and the pyrotechnic initiators. Power to actuate the relays in the relay boxes is drawn from the main 
power supply of the LM; power for the pyrotechnic initiators is supplied by the explosive devices (ED) batteries. 
The MASTER ARM switch operates two power relays that provide a continuous circuit between each battery and 
its power bus. Each EXPLOSIVE DEVICES panel function switch actuates two relays , one in each relay box. 
Each of these relays ,.provides a circuit between its power bus and the associated pyrotechnic device . Each 
staging relay, when actuated, provides a circuit between its power bus and the associated pyrotechnic device. 
Each staging relay, when actuated, provides a circuit between a power bus and a redundant set of staging func­
tion relays (for the ascent and descent deadface, cable cutters , interstage connection bolts, and nuts) . Each 
function is provided with two separate pyrotechnic initiators that use power from separate buses, for initiation. 
Each pyrotechnic initiator has two bridgewires, both able to explode the initiator. Each pyrotechnic initiator 
is capable of perfo rming its task unaided; the second initiator provides the required redundancy . The system , 
with duplicate relays and redundant electrical circuits and initiators, provides complete redundancy and safety 
for the EDS. 

The EDS events occur in the following sequence: 

• RCS pressurization 

• Descent engine pressurization 

• Ascent engine pressurization 

• Nut and bolt and ascent stage deadfacing (occur simultaneously) 

• Umbilical severed. 

The following explosive devices separately, 
tions (figure 2-20): 

or in various combinations, accomplish the specified func-

• Apollo standard initiator (ASI). The electrically actuated ASI initiate all explosive functions required 
during this mission. This is a common usage device . 
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• Apollo standard detonator (ASD). The ASD is used to de tonate all high-explos ive charges in the LM. 

This is a common usage device. 

• Mild detonating fuse (MDF). The MDF is a common usage device. 

• RCS helium pressurization. The RCS explosive valve is actuated by Apollo standard initiators. 

• Ascent propulsion subsystem valves. These explosive valves are actuated by Apollo standard 
initiators. 

• Descent propulsion subsystem valve. This explosive valve is actuated by Apollo standard initiators. 

• Circuit interrupter . Circuit interrupters are provided to terminate all signal and power leads running 
between the ascent and descent stages wh ich are live al time of separation or which could subsequently 
become live due to activation of a circuit. These devices are initiated explosively 30 milliseconds 
after stage com mand is received. They are actuated by Apollo standard initiators. 

• Explosive nut and bolt. The ascent and descent stages are structurally joined by four explosively 
actuated bolts and four explosively actuated nuts each with a single initiator. Upon receiving the sta!_{e 
separation signal, they actuate within a total elapsed time of 0. 1 second. 

• Guillotine . A dual initiation mode mild detonating fuse is used. A crossover network is provided to 
fire both modes should a failure occur in the normal initiation mode of one. 

• Abort. Mission abort is initiated by manually press ing the ABORT button. This button initiates 
abort programs in the Guidance, Naviga tion , and Control Subsystem (GN&CS) , a nd signals to the 
Instrumentation Subsystem (IS). It a lso provides desce nt engine and ED automatic arming commands . 

• Abort stage . The ABORT STAGE button is used to abort the mission using the ascent e ngine . This 
button initiates the Guidance , Navigation, and Control Subsystem for an abort using the ascent engine 
and signals to instrumentation. It also provides ascent eng-ine pressurization commands, ascent 
engine arm commands, descent engine off commands, and interstage deadface commands. Pressing 
the ABORT STAGE button enables the simulated LM to use computer outputs for operation with the 
ascent stage. 

• Stage . This switch provides the capability to stage the LM by means of the explosive nut a nd bolt 
combinations and umbilical severance, without pressurizing the ascent enRinf'. 

A de tail ed description of the EDS is given in paragraph 2. 8 of Apollo Operations Handbook , LMA790-3-LM2. 

2. 10. 1 EXPLOSIVE DEVICES SUBSYSTEM CONFIGURATION REFERENCE. 

The Explosive Devices Subsystem of the LMS accurately simulates the LM- 2 EDS. 

2 . 10 . 2 SIMULATED EXPLOSIVE DEVICES SUBSYSTEM. (See fig·ure 2-21.) 

2. 10. 2. 1 General. 

Simulation of the EDS consists mainly of programm ed swi tc hing logic . Normal operation of the simulated 
explosive devices is indicated to the flight c rew by pressure, aural cue. or other indications for eac h exp losively 
initiated function. 

2. 10. 2. 2 Simulation Methods . 

The associated control switch in the LMS cabin initiates a digital bit input to th e EDS control log·ic program 
in the LMS computer. Ope ration of the simulatC'd EDS is also dependent on the simulated EPS for thrC'e circuit 
breakers related to the EDS, and d-c powC'r availability. Interface of the simulated EDS includes di g ital bit 
outputs to t r igger the aural cue simulation of th e pyrotechnic explos ions. and visual simulations . Selection and 
initiation o f firing switc hing- equations are compu!('d co rrC'sponding to a particular explosive device. An output 
is produced fr om these computations and transmitted to the programmed exp losive devi ces equations . If EDS 
power is available, an "explosive devices fired" output r es ults. This output is applied to the LMS compute r 
program of the subsystem that uses those particular explosive dC'vices. Switc h positi on commands that initiate 
the firing of explosive devices associated wilh abo rt and s ta g ing operations initially flow to the LMS c omputer 
prog ram of those subsystems that determine the sequence and timing of explosive devi c e firin gs. The switching 
log ic may be interrupted by a ny related simulated subsystem malfunctions . 
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The position of the EDS control switches and status flal:{S in the LMS cabin is indicated at the instructor 
consol e . The flight crew in the LMS uses all of the normal EDS instruments and controls in the simulated LM 
cabin. Response to the control inputs is displayed on the telemetry console, as well as by the instructor con­
sole r epeaters. The te lemetry data for the simulated EDS is given in table 2-10. MSFN symbols used in table 
2-10 are identified in volume II. 

2. 10. 2. 3 EDS Controls and Displays. 

The EDS control and displays in the LMS cabin are on the EXPWSIVE DEVICES panel. Each function switch 
on the panel, except the stage switch, is of the two-position type: lever-lock in safe, and momentary in fire. 
The STAGE and MASTER ARM power switches are of the two-position type (lever-locking in both positions). 
The ASCENT helium select switch is of the three-position lever-locking type. Basically, these switches permit 
helium pressurization of the ascent and descent sections of the Main Propulsion Subsystem (MPS) and the Re­
action Control Subsystem (RCS), landing gear deployment, and staging operations initiali zation. In addition, 
electrical circuit breakers on the Commander's and Systems Engineer's circuit breaker panel supply and control 
operating power to simulated EDS circuitry. Repeaters of all EDS controls and displays in the LMS cabin are 
provided on the instructor console, for continuous monitoring and evaluation. 

2. 10. 2. 4 Malfunction Control. 

The instructor may use his MALFUNCTION INSERTION UNIT to initiate a variety of simulated EDS prob­
lems, or he may leave the crew under automatic computer program control. Every major component of the 
subsystem may be intentionally malfunctioned either individually or in combinations. (Refer to volume II.) The 
instructor console circuit breaker panels also enable failure of any of the circuit breakers in the LMS cabin. 
The malfunctions initiated from the instructor's MALFUNCTION INSERTION UNIT are basically system faults. 
A step-ahead mode may be initiated during the training exercise, to advance the simulated mission to a desired 
time at an accelerated rate. All programmed maneuvers and malfunctions will be initiated during this advance 
time interval. A complete list of malfunctions available for insertion into the EDS simulation is in section 2 of 
volume II. 

Table 2-10. LMS Explosive Devices Subsystem Telemetry Data 

MSFN Range 

No. Description Low Nominal High Units or Type* 

GM5000 Landing legs deployed cc 

GY0050 Abort commanded cc 
GY0lll ED system A battery relay open cc 
GY0112 ED system B battery relay open cc 
GY0121 ED system A staging relay open cc 
GY0122 ED system B staging relay open cc 

*CC = Contact closure. 
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3. 1 P URPOSE AND SCOPE . 

LMA790-2-LMS 

SECTION 3 

TRAINING ACTIVITIES 

The training a ctiviti es provide as comprehensive a s eri es of LMS training exer cis es as pos s ible , for use 
by LMS inst r uc tors in tr a ining fli ght cr ews for any of th e manned LM missions. The r ecomm ended tra ining 
syllab us is bas ed on the lunar landing mission, which r equires the fli ght crew to perfor m ess entia lly a ll the 
tasks of the earli e r m issions, in addition to activities unique to the lunar landing mission . Th e sy llabus will 
enable the instruc tor to select and prepare , with minimum modifi cation, exercises applicable to th e specific 
LM m is s ion for which training is being conducted . 

Th e training exercis es are based on , but not limited to, normal crew activities , beginning with entry into 
the LM during lunar orbit and ending with egress from the LM after final docking with the CSM. Extravehicular 
a c tivi ties on the lunar surface are not included in the exercises . Because the training program must prepare 
the fli ght crew to cope with nonnominal or unexpected mission situations , extensive exercises involving 
corr ection of ma lfunctions, and mission contingency activities , are included. 

The tra ining exer cis es ar e intended to be ori ented primarily toward th e LM fli ght cr ew. Trai ning benefits 
for F light Controll er s , th e CSM cr ewman , and te lem etry operators may be derived fr om s om e of thes e 
exer cis es , a lthough the primary intent is to ensure effective interfac e performance by the LM fli ght cr ew. 

3. 1. 1 CREW OPERATIONAL PROCEDURES . 

To ens ure effecti ve tr a ining, the best a vailable r epr es entation of the eventual fli gh t cr ew operati ona l 
procedur es has been used in developing th e training exerc is es. These procedures, in s ection 3 of volum e II , 
have been deve loped as pa rt of th e Flight Cr ew Task Analysis effort and are bas ed on the Apollo Mis sion 
Pla nning Task For ce (AMPTF) Design Reference Mission IIA (DRM IIA). It is expected that , as the Apollo 
Operations Handbooks (LMA790-3-LM 2, 3 , and 4) for LM 2, 3, and 4 become available, the cr ew procedur es 
in th ese handbooks will be used for crew training instead of thos e in section 3 of volume II . 

3. 2 TRAINING SYLLABUS . 

This por tion of th e handbook contains the syllabus for training with the LMS . Briefly, the s yllabus 
or ganiza tion is as follows. All training is categorized e ither as part task training or full mission 
training. Ea ch of thes e exercises is subdivided into LMS training sessions ; each session consists of 
one or m or e simulator runs. The purpose of each exercise and session is clearly indicated. 

The training exercis es and sessions a re s equenced to permit a firm understa nding of the LM , individua l 
s ubsystem oper a tion and management, and th e cr ew procedures involved. Malfunctions a r e introduced in th e 
exer cis e sequences to enhance s ubsystem under s tanding. Following this phas e of th e t r a ini ng sequenc e , 
the exer cis es a nd sess ions progr ess to th e integra tion of total s ubsystems oper a tions a nd the intr oduction of 
certa in contingency oper a tions tha t r equir e dec is ions affecting th e m iss ion pla n. Once th e pr elimi na r y 
exer c is es and ses s ions are com pleted, the events and oper a tions of th e mission for which the training is 
being conducted a r e adher ed to as c los ely as pos sible . 

3. 2. 1 PART - TASK-TRAINING EXERCISES AND SESSIONS. 

Mos t of tl1e r ecomm ended tra ining exer c is es a nd sess ions a re in the pa r t - task - training cat egor y . Th ese 
include exer cis es devoted to ma nagem ent of pa rti c ul:11· s ubsys tems , as r eq uired ac r os s th e entir e m is s ion 
profi le . For example, pr essuri zati on a nd checkout of th e Rea ction Contr ol Subsystem (R CS) dur ing th e 
pr esepara tion phas e , monitor ing of RCS he lium a nd prope llant during the coas ting and pow ered des cent phase, 
checkout befor e shutdown on th e lunar surfa c e , pr epa r a tion fo r luna r as cent , monitor ing of propella nt quanti ty 
and subsys tem s tatus (e . g . , TCA va lves) during pow e r ed as ce nt . midcour s e cor r ect ions, and, finally . 
managem ent during fina l docking and system s hutdown befor <> egr ess to the CSM. Malfun ctions a ppropr ia te to 
the specific miss ion phase being s imulated a r e recommended for inclusion duri ng the s im ulator r uns . 
(Detailed malfunction data a r e in s ec tion 2 of volum e II. ) 
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Part-lask-trainin~ cxerl'iiies a nd scsRions arc a lso devoted to familiarizin~ the fli~ht news with th e 
response of the LM to manual fll~hl control, and to praclicin~ those porli ims of th e miss ion that require 
manual control. A Heq ucncc of sessions be~ins with familiarizing the command pilot with th e pitch, yaw, 
and -roll responses of the vehicle during docking; with rate command and direct mode operation ; with 
controlle r breakout forces and displacements required to produce the desired rates ; and with integration of 
the translation control capability with vehicle attitude control. Many of the runs are devoted to practicing 
the final docking maneuver to achieve LM-CSM closure within the allowable envelope of vehicle attitude 
variation, impact forC'es, and torques. Another sequence of sessions emphasizes manual control during 
the landing maneuver. Integrated use of the rate-of-descent control, the thrust controller, and the attitude 
controller are practiced, to gain experience with the effects produced with a gimbaled main engine 
thrusting. For this s e t of exercises, only those subsystem aspects directly related to the flight control 
maneuvers are initially included. Among these are fli ght display monitoring (altitude and altitude-rate, T/ W 
indicator, DSKY-displayed parameters, FDAI, X-Pointer , lunar contact light) and use of the visual aids 
involved (AOT and CSM target during docking, visual display of lunar surface and window reticle during 
landing, etc). Final sessions include malfunctions and failures leading to contingency operations. 

Other part-task-training exercises and sessions are devoted to crew procedures such as abort monitoring 
during powered descent, various checkout operations , IMU alignment procedures that involve use of the AOT, 
DSKY programs and the like. 

The part- task-training exercises are identified by the letters " PT" and a whole number (for example, 
PT 1). Sessions related to a particular exercise are identified by additional decimal numbers (for example, 
PT 1. 1) that indicate the sequence of the session within the exercise. The runs within a session are listed in 
the sequence in which they occur . 

3.2.1.1 PT 1 - Purpose . 

This exercise familiarizes the LM crew with operation, monitoring, activation, checkout , and evaluation 
of the LM subsystems. 

3. 2. 1. 1. 1. PT 1. 1 - Subsystem Controls and Displays Operation. 

This session provides a walk-through familiarization with the location, function , and operation of sub­
system controls and displays. The runs are as follows: 

Wa lk-through - control/display activation and deactivation of the following: 

• Run 1 - Reaction Control Subsystem (RCS) 

• Run 2 - Ascent and descent propulsion sections (APS and DPS) 

• Run 3 - Electrical Power Subsystem (EPS) 

• Run 4 - Environmental Control Subsystem (ECS) 

• Run 5 - Explosive Devices Subsystem (EDS) 

• Run 6 - Communications Subsystem (CS) 

• Run 7 - Primary guidance, navigation , and control section (PGNCS) 

• Run 8 - Abort guidance section (AGS) 

• Run 9 - Stabilization and control section (SCS) 

• Run 10 - Flight control section (FCS) 

• Run 11 - Caution and warning section (CWS). 

3. 2.1. 1. 2 PT 1. 2 - Reaction Control Subsystem Operations. 

This s ession familiarizes the LM cr ew with operations involved in initial act ivation and checkout of the 
RCS before LM -CSM separation, in fli ght and during lunar stay. The runs are as follows: 
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Walk-throug-h and practice . 

• Run 1 - RCS activation, checkout, pressurization, pressure checks, caution and warning indicator 
check, and valve flag status checks 

• Run 2 - RCS hot and cold firing, pressure and quantity monitoring, and operations during powered 
ascent 

Walk-through 

• RCS malfunction diagnostic techniques 

• RCS malfunction corrective techniques 

Practice 

• Run 3 - RCS selected malfunction diagnoses and corrective action (run 1 with malfunctions) 

• Run 4 - RCS selected malfunction diagnoses and corrective action (run 2 with malfunctions). 

3. 2.1. 1. 3 PT 1. 3 - Ascent Propulsion Section Operations. 

This session familiarizes the LM crew with, and provides practice in, operations involved in initial 
activation, checkout, and use of the APS during ascent firings. The runs are as follows: 

Walk-through and practice 

• Run 1 - Checkout and monitoring of APS status before pressurization and after pressurization 

• Run 2 - APS arming; automatic and manual ascent engine ignition; propellant, gas, fluid, and engine­
performance monitoring 

Walk-through 

• APS malfunction diagnostic techniques 

• APS malfunction corrective techniques 

Practice 

• Run 3 - APS selected malfunction diagnoses and corrective action (run 1 with malfurrctions) 

• Run 4 - APS selected malfunction diagnoses and corrective action (run 2 with malfunctions). 

3. 2. 1. 1. 4 PT 1. 4 - Descent Propulsion Sec tion Operations. 

This session familiarizes the LM crew with operations involved in initial activation , checkout , and use of 
th e DPS during descent firings . The runs are as follows: 

Walk-through and practice 

• Run 1 - DPS activation, checkout, pressuri zation, pressure checks, and he lium and propellant 
monitorin(.(' 

• Run 2 - DPS arming-, automatic and manual engine ignition, and engine -performance monitoring 

• Run 3 - DPS landing and postlanding shutdown and venting 

Walk-through 

• DPS malfunction diagnostic techniques 

• DPS malfunction corrective techniques 
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Practice 

• Run 4 - DPS selected malfunction diagnoses and corrective action (run 1 with malfunctions) 

• Run 5 - DPS selected malfunction diagnoses and corrective action (run 2 with malfunctions) 

• Run 6 - DPS selected malfunction diagnoses and corrective action (run 3 with malfunctions). 

3. 2. 1. 1. 5 PT 1. 5 - Environmental Control Subsystem Operations. 

This session provides practice in operations involved in activation and checkout of the ECS, and in con­
sumables control. The runs are as follows: 

Walk-through and practice 

• Run 1 - Cabin fan activation; suit checkout; water management section, oxygen cabin pressure section 
and waste management section activation and checkout; cabin and ARS pressurization and pressure 
checks; and heat transport section backup equipment checkout 

• Run 2 - Heat transport section checkout, LiOH canister replacement, suit checkout, and cabin and 
ARS pressurization 

Walk-through 

• ECS malfunction diagnostic techniques 

• ECS malfunction corrective techniques 

Practice 

• Run 3 - ECS selected malfunction diagnoses and corrective action (run 1 with malfunctions) 

• Run 4 - ECS selected malfunction diagnoses and corrective action (run 2 with malfunctions) . 

3. 2. 1. 1. 6 PT 1. 6 - Portable Life Support System Operations. 

This session familiarizes the LM crew with operations involved in PLSS donning , checkout of the EMU, and 
PLSS doffing and charging. The run is as follows: 

Walk-through and practice 

• Run 1 - TMG donning and doffing; PLSS preparation and checkout with and without ECS attachment; 
PLSS donning. Doffing, and charging; EMU checkout; PLSS communications checkout; and EOS 
management. 

3. 2. 1. 1. 7 PT 1. 7 - Electrical Power Subsystem Operations. 

This session familiarizes the LM crew with operations involved in activation and checkout of the EPS. The 
run is as follows: 
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Walk-through and practice 

• Run 1 - EPS activation, battery checkout, descent and ascent battery management. and Jig·hting 
activation and control 

Walk-through 

• EPS malfunction diagnostic techniques 

• EPS malfunction corrective techniques 

Practice 

• Run 2 - EPS selected malfunction diagnoses and corrective action (run 1 with malfunctions). 
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3. 2. 1. 1. 8 PT 1. 8 - Communications Subsystem Operations. 

This session fami liarizes the LM crew with operations involved in activation, checkout, and use of the CS. 
The runs are as follows: 

Walk-through and practice 

• Run 1 - VHF transmission activation and checkout, S-band activation , S-band antenna activation and 
manual slewing, TV camera enablement, and telemetry enablement 

• Run 2 - Set up of four major modes of VHF and S-band transmission 

Walk -through 

• Communications malfunction diagnostic techniques 

• Communications malfunctiori. corrective techniques 

Practice 

• Run 3 - Communications selected malfunction diagnoses and corrective action (run 1 with malfunctions). 

3. 2.1. 2 PT 2 - Purpose. 

This exercis e familiarizes the LM crew with activation, checkout, evaluation, operation, and monitoring 
of the LM guidanc e equipment and fli ght control section. 

3. 2.1. 2. 1 PT 2. 1 - Guidance, Navigation, and Control Subsystem Operations. 

This session familiari zes the LM crew with operations involved in a ctivation, checkout, and operation of 
PGNCS and AGS equipment, including use of the DSKY , DEDA, and LM radar. The runs are as follows: 

Walk-through and practice 

• Run 1 - LGS startup and initialization, a nd IMU startup (for RCS hot firing) and deactivation 

• Run 2 - IMU startup, orientation determination, and realignment; AGC startup, checkout, and 
initialization; LGC update; and LR checkout 

• Run 3 - AGS alignment and calibration , DSKY and DEDA operations at separation , RR checkout and 
lock-on, and descent orbit insertion 

• Run 4 - Trajector monitoring with RR , RR deactivation, and PGNCS/ AGS operation during powered 
descent and landing 

• Run 5 - IMU alignment, radar opera tion on lunar surface, and AGS deactivation 

• Run 6 - Prela unch LGC and AGS update, IMU and AGS a lignment , and powered ascent program 
operations 

• Run 7 - PGNCS/ AGS coelliptic and rendezvous operations 

Walk-through 

• PGNCS and AGS malf unction diagnostic techniques 

• PGNCS and AGS malfunction cor r ec tive techniques 

Practice 

• Runs 8 through 14 - PGNCS and AGS selected malfunc tion diagnos es and corr ective action (runs 1 
through 7 with malfunctions). 

3. 2. 1. 2. 2 PT 2. 2 - Flight Control Operations . 

This s ession familiarizes the LM crew with monitoring operations required during a utoma tic flight control 
and provides practice in manual attitude and transla tion control. The runs a r e as follows: 
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Walk-throu[.!.'h and practice 

• Run 1 - Flight rontrol display monitoring· during and after MPS thrusting 

• Run 2 - Manual attitude control with descent stage attached and descent engine not thrusting 

• Run 3 - Manual attitude control with descent engine firing (site selection maneuvers) 

• Run 4 - Manual attitude control with rate of descent (ROD) thrust control and with manual throttle 
control {low gate to touchdown maneuvers) 

• Run 5 - Manual ullage maneuvers 

• Run 6 - Manual attitude control during· ascent engine firing 

• Run 7 - Manual attitude and translation control after ascent engine burnout (midcourse corr ections 
and terminal rendezvous and docking maneuvers) 

• Run 8 - Manual flight control maneuvers in pulse and direct modes 

• Run 9 - Manual flight control in pulse and direct modes, with one or more RCS thrusters failed 

Walk-through 

• Flight control malfunction diagnostic techniques 

• Flight control malfunction corrective techniques 

• RCS malfunction diagnostic and corrective techniques , involving flight control 

Practice 

• Runs 10 through 18 - Selected flight control malfunction diagnoses and corrective action (runs 1 
through 9 with malfunctions). 

3. 2.1. 3 PT 3 - Purpose. 

This exercise familiarizes the LM crew with separation , rendezvous, and docking techniques. 

3. 2. 1. 3. 1 PT 3. 1 - Separation Operations. 

This session provides a walk-through of those activities involved in preparation fur separation and active 
separation. The run is as follows : 

Walk-through 

• Run 1 - Automati c - separation monitoring, including landing gear deployment and manual separation. 

3. 2. 1. 3. 2 PT 3. 2 - Rendezvous Opl'rations. 

This session fami liarizes the LM crew with, and provides practice in, operations involved in rendezvous 
with the CSM. The runs ar e as follows: 
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Walk-through and practice 

• Run 1 - Midcourse corrertion maneuvers and monitoring with PGNCS 

• Run 2 - Manual r endezvous maneuvers 

• Run 3 - Se lec ted midcou rse correction maneuv ers and monitoring with PGNCS malfunction diagnoses 
and cor rective action (run 1 with malfunctions) 

• Run 4 - Manual rendezvous maneuvers (run 2 wiU1 malfunctions). 
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3. 2 . 1. 3. 3 PT 3. 3 - Dockin!!,' Operations. 

This session familiarizes the LM crew with, and provides practice in, operations involved in manual 
docking. The runs are as follows: 

Walk-through and practice 

• Run 1 - Manual soft dock with hard suit in all modes 

• Run 2 - Manual soft dock with soft suit in all modes 

• Run 3 - Hard dock operations. 

3. 2.1. 4 PT 4 - Purpose. 

This exercise familiarizes the LM crew with powered descent landing, powered ascent, and abort 
techniques. 

3. 2. 1. 4. 1 PT 4. 1 - Landing Operations. 

This session provides familiarization and practice with the automatic and manual techniques and LPD 
operations involved in the lunar landing. The runs are as follows: 

• Run 1 - Landing-site change, using LPD procedures; manual landing, using ROD, manual throttle. 
and three attitude control modes 

• Run 2 - Landing-site change, using LPD procedures; manual landing, using ROD , manual throttle, 
and three attitude control modes with selected RCS malfunctions (run 1 with malfunctions). 

3. 2.1. 4 . 2 PT 4. 2 - Launch and Ascent Operations. 

This session familiarizes the LM crew with the automatic and manual techniques involved in lunar launch 
and ascent. The runs are as follows: 

Walk-through and practice 

• Run 1 - Prelaunch preparation, ascent stage launch, and ascent monitoring through ascent engine 
cutoff 

• Run 2 - Prelaunch preparation, ascent stage launch, and ascent monitoring through ascent engine 
cutoff with selected PGNCS malfunctions (run 1 with malfunctions). 

3. 2. 1. 4. 3 PT 4. 3 - Abort Procedures Operations . 

This session provides practice with abort sequences that may be used in various mission phases. The runs 
are as follows: 

Practice 

• Run 1 - AGS abort from coasting descent (external t:,. mode) 

• Run 2 - AGS abort from coasting descent (direct transfer with descent engine) 

• Run 3 - AGS abort from powered des cent , using descent engine 

• Run 4 - AGS abort from powered descent, using ascent engine 

• Run 5 - AGS abort: low and fast with descen t engine 

• Run 6 - AGS abort from lunar surface 

• Run 7 - AGS abort during coasting (powered ascent) 

• Run 8 - AGS takeover during coelliptic sequence 

• Run 9 - AGS abort from orbit insertion burnout through CSI burn 
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• Run 10 - AGS abort from CSI burn to CDH 

• Run 11 - AGS abort from CDH burn through TPI 

• Run 12 - AGS abort after TPI burn 

• Run 13 - Manual rendezvous maneuvers with AGS 

• Run 14 - PGNCS abort: minimum-time abort from lunar surface 

• Runs 15 through 27 - AGS abort sequences with selected stabilization and control malfunctions (runs 
1 tnJ"ough 13 with malfunctions). 

3. 2.1. 5 PT 5 - Purpose. 

This exercise familiarizes the LM crew with an integrated sequence of activities involved in performing 
the lunar mission. The exercise is divided into 24 sessions; the beginning of each session corresponds to 1 of 
the 24 reset points. The sessions may be implemented separately or in combined sequential order , as con­
sidered appropriate for training purposes. Implementation of all sessions in sequential order constitutes 
nominal training for the entire mission. Each session consists of at least one nominal run. Most sessions, 
however, contain runs with the insertion of selected malfunctions. 

3. 2. 1. 5. 1 PT 5. 1 - Systems Engineer Entry Into LM and Subsystem Activation. 

This session provides familiarization with the Systems Engineer's activities from ingress to the LM , 
through the initial subsystem activation and checkout. The runs are as follows: 

Walk-through and practice 

• Run 1 - Systems Engineer enters LM. activates and adjusts EPS and lighting , activates LM ECS and 
transfers from CSM ECS, activates and checks communications equipment, and activates and checks 
RCS quad heaters. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. t 

3. 2.1. 5. 2 PT 5. 2 - Commander Entry Into LM. 

This session familiarizes the LM crew with subsystem activation and checkout activities following the 
Commander's entry into the LM. The run is as follows : 

Walk-through and practice 

• Commander enters LM , establishes VHF communication, passes equipment from CM to Systems 
Engineer , installs drogue, activates descent/ascent stage subsystem equipments, and activates 
cabin fans. 

3. 2.1. 5. 3 PT 5. 3 - LGC Initialization. 

Thi s session provides familiarzation with startup and checkout of th e DSKY and AGS . initialization of the 
LGC and AGS, hot a nd cold firing RCS checkout , and continues subsystems activation and checkout. The runs 
are as follows: 

Walk-through and practice 

• Run 1 - Initialize and check DSKY AGS, update navigationa l parameters, activate a nd check RCS (hot 
and cold firing). enable IMU warmup and deactivate, ch eck rat e gyro assembly and waste management 
sec tion. activate anct check MPS and RCS. a c tivat e S-band anct VHF communi cations equipm ent. check 
out ARS pressure integrity and suit fan op eration , perform battery checks and establish backup power 
capabili ty, activate window heaters, prepare food, and eat. 

• Run 2 - This is a repetition of run 1, with ins ertions of s e lec ted malfunctions. 

3. 2.1. 5. 4 PT 5. 4 - IMU Alignm ent and Guidance Equipment Updating. 

This sess ion includes the activities involved in IMU alignment, LGC and AGS updating, and radar activation 
and test. The r un is as follows: 
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Walk-U1rough and practice 

• Run 1 - IMU warmup and coarse and fine alignment, activate and check out abort guidance equipment , 
activate and test RR and LR, activate and check out descent engine gimbal alignment, update LGC, 
ac tivate all descent batteries and S-band communication, and verify propulsion displays for 
separation readiness. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 5 PT 5. 5 - LM Separation From CSM. 

This session is devoted to practice of the activities required in preparation and performance of the 
separation maneuver. The runs are as follows: 

Walk-through and practice 

• Run 1 - Calibrate and align AGS to PGNCS, cross-check FDAI's, verify LM soft-dock configuration. 
activate docking lights and secure for separation, select modes for auto s eparation , count down and 
obs erve separation maneuver, monitor t:,. V and RCS shutdown, monitor LM stable attitude, and 
check out cabin pressure integrity. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions . 

3. 2. 1. 5. 6 PT 5. 6 - Transfer Orbit Insertion Operations. 

This session involves activation and checkout of the rendezvous radar and realignment of the primary and 
abort guidance equipment in preparation for the transfer orbit insertion (TOI) maneuver. The runs are as 
follows : 

Walk-through and practice 

• Run 1 - Ori ent LM for inspection and monitor for TOI; update t:,. V and tim e - to - go to thrusting 
parameters ; activate and check out RR and monitor parameters ; activate data transmission to CM ; 
deactivate S-band, RR , and docking light ; perform attitude hold IMU and AGS-PGNCS alignm ent 
and alignment checks; secure; select modes for TOI; arm descent engine; count down; and 
monitor automatic ullage . 

I 
• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2. 1. 5. 7 PT 5. 7 - Pr eparation for Powered Descent. 

This session familiarizes the LM crew with the activities associated with confirming the transfer oribt, 
and the subsystems status checks in preparation for powered descent , primarily in a reas of propulsion, 
radar, electrical power , and guidance . The r uns are as follows: 

Walk - through and practice 

• Run 1 - Monitor TOI maneuver and changes in LM ori entat ion; monitor descent engine shutdown and 
disarm engine; adjust tracking light, activate RR, and monitor parameters; check EPS and ascent 
stage and descent stage fluids status; verify RCS valve flag status; test landing radar; deactivate VHF 
data transmission; update t:,.V and tim e -to-go to thrusting parameters; and perform IMU alignment. 

• Run 2 - This is a repeti tion of run 1, wit h insertion of selected malfunctions. 

3. 2.1. 5. 8 PT 5. 8 - Powered Descent Activities lo High Gate. 

This session is concerned primarily with practice of th e guidance systems and engine performance 
monitoring and trajectory monitoring, during powered descent to high [);a te (10,000 feet) . The runs are as 
follows: 

Walk - through and practice 

• Run 1 - Perform PGNS - AGS alignment . set EPS for powered descent, select modes for powered 
descent, arm descent engine, count down and monitor automatic ullage. monitor descent endne 
ignition and engine gimbal alignment, prepare for PGNCS AGS difference check. perform DSKY and 
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DEDA altitude and altitude-rate difference checks, compare PGNCS output with MSFN, monitor EPS, 
check RCS and DPS consumables, determine landing radar data available, verify LGC acceptance of 
landing radar altitude data, and monitor trajectory for landing radar and PGNCS differences. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 9 PT 5. 9 - High Gate to Low Gate Activities. 

This session familiarizes the LM crew with guidance, trajectory, and engine performance monitoring 
arid alternate site selection activity during powered descent from high gate (10,000 feet) to low gate (700 feet). 
The runs are as follows: 

Walk-through and practice 

• Run 1 - Set event timer to high gate - low-gate countdown, monitor RCS and ascent stage propellants, 
monitor trajectory for landing radar and PGNCS difference, count down , monitor programmed 
pitch attitude change at high gate, perform final approach, and count down. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 10 PT 5. 10 - Manual Landing. 

This session famil iarizes the LM crew with all activities associated with the manual landing maneuver. The 
runs are as follows: 

Walk-through and practice 

• Run 1 - Ver ify initial vehicle velocities and attitudes at low gate; monitor engine cons umables; verify 
acceptabi lity of landing site; reduce altitude-rate; null lateral, forward, and horizontal velocities ; 
reduce altitude -rate; secure for landing; observe activation of lunar contact light, and shut down 
descent engine. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2. 1. 5. 11 PT 5. 11 - Postlanding Vehicle Checkout and Evaluation. 

This session provides practice in postlanding vheicle subsystem checkout and evaluation. DSP fuel venting, 
and subsystem shutdown . The runs are as follows: 

Walk-through and practice 

• Run 1 - Test vehicle stability, check fluid consumables and EPS, align AGS, deactivate VHF, adjust 
RR thermal balance , check and/ or disable remaining subsystems, and vent DPS fu e l. 

• Run 2 - This is a repetition of run 1, with ins ertion of selected malfunctions . 

3. 2.1. 5. 12 PT 5. 12 - Guidance Systems Alignment and EVA Preparation. 

This session involves PGNCS and AGS alignments, completion of DPS venting, internal pr eparations of 
PLSS and EMU for first lunar exploration and donning of the EVA garments. Th e runs are as follows : 

Walk-through and practice 

• Run 1 - Align IM U and guidanc e sect ions: check out ARS pressur e integrity; prepare equipment for 
first lunar eil."ploration; don and check out EV A garments and as sociated PLSS and EOS equipm ent; 
vent DPS oxidizer; perform cabin and EMU leak tests; establish radar tracking of CSM; connec t 
back to LM s ubsystems ; pressurize LM cabin, doff and stow EVA garments, and recharge PLSS; 
prepare food and eat; and erect sleep station and sleep. 

• Run 2 - This is a r epetition of run 1, with insertion of selec ted malfunctions. 

3, 2.1. 5. 13 PT 5. 13 - Prelaunch Checkout. 

This session provides practice in pre launch checkout and vehicle readiness activities (exc luding PGNCS ). 
The runs are as follows : 
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Walk-throul-{h and practice 

• Run 1 - Activate LGC and IMU, secure equipment, activate subsystems, check out RCS equipment 
(including RCS hot fire) and propulsion consumables, check out heat transport section, and coarse­
align IMU. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3, 2.1. 5. 14 PT 5, 14 - Primary Guidance Alignment Before Launch. 

This session includes alignment of the PGNCS and startup, checkout, and initalization of the AGS before 
lunar launch. The runs are as follows: 

Walk-through and practice 

• Run 1 - Align and check out IMU and guidance equipment, activate S-band steerable antenna, check out 
C&W status, select EPS modes for powered ascent, activate ECS tanks, and update PGNCS. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3, 2.1. 5. 15 PT 5. 15 - Launch and Powered Ascent Activities. 

This session provides practice in crew procedures required to complete the readiness of the PGNCS and 
AGS for launch, the countdown and launch operations, and the guidance system and vehicle performance­
monitoring procedures during the ascent engine burn. The runs are as follows: 

Walk-through and practice 

• Run 1 - Select DSKY guidance displays, monitor RR parameters, activate VHF voice, ali~n AGS to 
PGNCS and cross-check, secure for launch, establish radar tracking of CSM, arm ascent engine. 
count down, monitor lift-off and initial pitch profile, enable ascent tie, perform PGNCS and AGS 
difference checks, perform DSKY and DEDA altitude and altitude-rate difference checks. monitor 
flight and consumables displays, disable ascent ti e , monitor engine shutdown and LM orientation, 
and confirm correct orbit. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 16 PT 5. 16 - Asc ent Coast Operations. 

This session involves monitoring and confirmation of the coasting parameters, trajectory monitoring, and 
updating of the PGNCS and AGS in preparation for the concentric sequence initiation maneuver. Th e runs are 
as follows: 

Walk-through and practice 

• Run 1 - Monitor fluid consumables, flight displays, and RCS valve flag· displays: monitor LM stable 
attitude and trajectory parameters: set !racking light; cross-check and update PGNCS and AGS with 
CSM navigational parameters; confirm DSl\.'Y time and 6 V-to-go thrusting with MCC; and prepare 
LGC for next thrust phase. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 17 PT 5. 17 - Concentric Sequence Ma neuver Activities . 

This session provides practice in procedures involved in the l'Ountdown and performance of the concentric 
s equence maneuver, propellant checks, and periodic subsystem checks with primary emphasis on the PGNCS 
and EPS during the ascent coast. The runs are as follows: 

Walk-throug·h and practice 

• Run 1 - Secure for thrust, count down, monitor automatic RCS firing and shutdown, verify LM stable 
a ttitude, cross -ch eck and align PGNCS and AGS, monitor RR via DSKY, scan-check subsystem status , 
activate VHF voice, deactivate S-band, check propulsion consumables , check out EPS and RCS valve 
flag status, monitor trajectory parameters via PGNCS and AGS and CSM. and perform IMU alignment. 

• Run 2 - This is a repetition of run 1, with insertion of malfunctions. 
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3. 2. 1. 5. 18 PT 5. 18 - Circularization Maneuver. 

This session familiarizes the LM crew with the activities associated with the performance and monitoring 
of the circularization maneuver. The run is as follows : 

Walk-through and practice 

• Run 1 - Set timer, prepare LGC for next thrust phase, monitor LM attitude, secure for thrust, count 
down, monitor automatic RCS firing and shutdown, enable S-band , and cross-check and alibrn PGNCS 
and AGS. 

5. 2. 1. 5. 19 PT 5. 19 - Coasting Before Terminal Phase. 

This session familiarizes the LM crew with the monitoring tasks during coasting before terminal phase 
initiation. The run is as follows: 

Walk-through and practice 

• Run 1 - Monitor change in LM orientation, monitor RR via DSKY, deactivate VHF, align AGS and 
PGNCS and cross-check, check propulsion consumables and valve status, scan-check subsystem 
status, monitor trajectory parameters via PGNCS and AGS and CSM , confirm DSKY time and 

V -to-go to thrusting with MCC, and prepare LGC for next thrust phase. 

3. 2.1. 5. 20 PT 5. 20 - Terminal Phase Maneuvers. 

This session encompasses all activities associated with countdown, performance and monitoring of the 
terminal phase initiation maneuver. The runs are as follows: 

Walk-through and practice 

• Run 1 - Set timer, monitor LM stable attitude, scan-check displays, secure for thrust , count down , 
monitor automatic RCS firing and shutdown, cross-check FDAI's. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 21 PT 5. 21 - First Midcourse Correction. 

This session provides practice in activities associated with preparation for, and performance of, the first 
midcourse correction. The run is as follows: 

Walk-through and practice 

• Run 1 - Monitor RR parameters, verify V and time-to-go with MSFN, dim tracking light, scan­
check displays and verify RCS valve flag and consumables status, receive estimate of miss distance 
from MCC and set event timer, prepare LGC for next thrust phase, receive trajectory parameters 
from CSM, secure for thrust, count down, monitor automatic RCS firing, and monitor change in LM 
orientation. 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 22 PT 5. 22 - Second Midcourse Correction. 

This session familiar izes the LM crew with the activities associated with preparation for, and performance 
of, the second midcourse correction. The run is as follows : 

Wa lk -through and practice 

• Run 1 - Monitor change in LM orientation, monitor RR parameters, verify V and tim e-to-go, scan­
check displays and verify RCS status, check out EPS, receive estimate of miss distance from MSFN 
and set timer, prepare LGC for next thrust phase, receive trajectory parameters from CSM , secure 
for thrust, count down, monitor automatic RCS firing, and monitor change in LM orientation. 

3. 2.1. 5. 23 PT 5. 23 - Terminal Rendezvous Maneuvers. 

This session familiarizes the LM crew with th e sequence of activities associated with preparation , per­
formance, and monitoring of the rendezvous gate maneuvers during terminal rendezvous. The runs are as 
follows: 
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Walk-tl1rou1;h and practice 

• nun 1 - Monitor Rn parameters, verify V and time-to-go, scan-check displays and verify RCS 
status, receive trajectory parameters from CSM, receive estimate of miss distance, count down, 
notify CSM and MSFN if rendezvous gate is bypassed, reset LGC for next thrust phase , monitor 
a ltitude request for next thrust time, and monitor automatic RCS firing . 

• Run 2 - This is a repetition of run 1, with insertion of selected malfunctions. 

3. 2.1. 5. 24 PT 5. 24 - Docking and Crew Transfer. 

This session familiarizes the LM crew with all activities associated with performance of LM docking 
maneuvers, vehicle deactivation, transfer of crew and equipment to the CSM, and LM jettison. The runs are 
as follows: 

Walk-through and practice 

• Run 1 - Perform manual docking; activate VHF data to CSM; deactivate S-banct; receive soft-dock 
ve rification; activate overhead floodlighting and deactivate docking light; pressurize LM CM interlock; 
deactive ascent stage subsystems after hard dock, while maintaining PGNCS in attitude hold mode; 
prepare for stowage of drogue and probe; prepare equipment for transfer to CSM ; secure cabin 
interior; connect to transfer umbilical; prepare LM for postjettison data transmission; and transfer 
to CSM. 

• Run 2 - This is a repetition of run 1 , with insertion of selected malfunctions . 

3. 2. 2 FULL-MISSION-TRAINING EXERCISES AND SESSIONS. 

Full-mission-training exercises are recommended only to the extent necessary to ensure achievement of 
effec tive coordination among MCC, the CSM , and the LM for total mission operation and to demonstrate that 
the desired l evel of proficiency developed through the part-task-training exercises has been achieved. Faqures 
that require variation in normal crew procedures , as well as initiation of contingency operations, should be 
liberally introduced in all full-mission-training sessions. 

The full -mission -training exercises are identified by the letters "FM" and a whole number (for example, 
FM 1). Sessions related to a particular exercise are identified by additional decimal numbers (for example, 
FM 1. 1) that indicate the sequence of the session within tl1e exercise. The runs within a session are listed in 
the sequence in which they occur. Scripting Data Sheets a r e not supplied for the full-miss ion training 
sessions; performance of part-task-training sessions PT 5. 1 through PT 5. 24 constitut es the full mission. 

3. 2. 2. 1 FM 1 - Purpose. 

The exercise is intended to demonstrate that the desired level of proficiency, developed through part­
task-training exercises , has been achieved , and to develop effective coordination among the LM and CSM crew 
and MCC. 

3. 2. 2. 1. 1 FM 1. 1 - LM CSM Operations. 

This session, requiring AMS LMS operat ion, provides practice in coordination of vehicle operations and 
communication between the CM and LM crew . Elll phas is should be placed on intervehi cular communications 
and relay of information to MCC, LGC initiali zat ion, synchronization a nd updating activities, alignment and 
tracking operations, separation, and terminal r endezvous and docking activities. Mission phases that do not 
require coordination between the two simulated vehicles can be conducted in accelerated time. The runs 
are as follows: 

Practice 

• ,Joint LM CSM operations and com!lluni ca tions in flying nominal mission 

• Joint LM CSM operations and communications, with selected LM failures (for example, RR. S-band, 
RCS thruster) 

• Mission contingency, requiring CSM rescue of LM from parking orbit after lunar ascent 

• LM abort from powered descent 

• LM abort from coasting descent 
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3. 2. 2. 1. 2 FM 1. 2 - LM MCC Operations. 

This session, requiring LMS and simulated MCC, provides practice in LM MCC communication. 
Emphasis is placed on MCC support of the mission and crew via telemetry detection of simulated LM failures 
and monitoring of LM trajectory, guidance, and subsystem performance, and on LM and MCC coordination of 
miss1on activities. The runs are as follows: 

Practice 

• LM nominal mission with maximum inclusion of subsystem failures 

• Single crewman lunar launch and return to CSM. 

3.2.2.1.3 FM 1.3 - LM CSM MCC Operations. 

This session provides "dry run" assurance of the level of proficiency in vehicle management and control, 
and intervehicle and ground coordination required for a successful mission. A single run is provided, 
requiring the AMS and LMS and simulated or live MSFN network. Portions of this run can be performed in 
accelerated time. 

• Practice of the lunar landing mission from earth launch through splashdown . 

3. 3 INSTRUCTOR USE OF SYLLABUS. 

This portion of the section contains a general description of how the instructor might use the training 
syllabus and other information in this handbook to develop a training program for a particular mission. The 
training syllabus provides the instructor with an overview of the LMS training recommended for preparing the 
fli ght crew for a lunar landing mission. From this syllabus, the instructor can make a preliminary selection 
of exer cises and sessions considered appropriate for the mission being trained. (This determination im­
plies availabili ty of an Apollo Operations Handbook or other document that defines the test and operational 
requirements for this mission.) 

After the s ess ions are selected, the instructor prepares a sequence of the requir ed Scripting Data Sheets, 
available in section 6 of volume II. He then reviews the reference crew procedures (section 3 of volume II) 
associated with U1e sessions. It may be desirable to r emove those pages of procedures to make a more 
compact working package, or to reproduce them for attachment to the Scripting Data Sheets . The instructor 
should be thoroughly familiar with the procedures in section 3 of volume II. The instructor has the option 
of using the malfunctions recommended for inclusion in the sessions or of selecting alternates from the 
Malfunction Data list (section 2 of volume II) or from the abort procedure supplement of section 3 of volume II. 
The Scripting Data Sheets indicate the LMS initialization points suitable for the sessions. The instructor 
can thus select checklists appropriate for the sessions selected . Oth er checklists (LMS startup, prerun 
initialization, peripheral equipment readiness, and LMS shutdown) are required, regardless of the sessions 
selected . 

During preparation of the sequence of training sessions, the instructor should determine what measure­
ments will be r ecorded . Rec ommendations of this kind are not included in this handbook. Because the 
progression of training is largely dependent on the speed with which individual proficiency is achieved, 
r ec omm endations as to th e number of repetitions of sessions or runs are not included in this handbook. 

3. 4 REFERENCE MISSIONS. 

3. 4 . 1 DESIGN REFERENCE MISSION. 

Th e design r0ference mission major events are listed in the first column of table 3-1. Th ese major 
events correspond to th e major events in DRM IIA . 

3. 4. 2 SIMULAT ED R EFERENCE MISSION. 

Th e simu lall'd refe r ence mission major events are listed in the s econd column of table 3- 1. Th ese major 
events, except the lunar extravehicular activities, correspond to th e major events in DRM IIA. 

3. 5 ABI3REVIATIONS DEFINITIONS. 

Definitions of abbr eviations used in this document are in LM Abbr ev iation List, LLI 790-1 which is supplied 
und er separate cover . 
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Table 3-1. Major Mission Events, Design Refer ence Miss ion 
Versus Simulated Mission 

Design Rc•fcrence Mission 

Systems l~n~lncer transfers 
to LM 

Systems Engineer begins LM 
activation 

Pass over LM landing site 

Begin S-band communication 
with MSFN 

Cross lunar terminator 
rightward 

Start of sunset 

End of sunset 

Commander transfers to 
LM 

Start of earthset 

LOS Goldstone 

LOS Canberra 

End of earthset 

Start revolution No. 3 

Start of sunrise 

End of sunrise 

Cross lunar terminator 
dayward 

Start of earthrise 

AOS Goldstone 

AOS Canberra 

End of earthrise 

Pass over LM landing site 

Cross lunar terminator 
rightward 

Start of s uns et 

End of sunset 

Beg-in independent mainte­
nance of LM cabin 

Simulated Refer ence Mission 

Systems Engineer enters LMS 
cabin 

Systems Engineer begins LM 
activation 

Pass over LM landing site 

Begin S-band communication 
with MSFN 

Cross lunar terminator 
rightward 

Start of s unset 

End of sunset 

Commander becomes active 

Start of earthset 

LOS Goldstone 

LOS Canberra 

End of earthset 

Start revolution No. 3 

Start of sunrise 

End of s unr is e 

Cross lunar terminator 
dayward 

Start of earthrise 

AOS Goldstone 

AOS Canberra 

End of C'arthrise 

Pass over LM landing site 

Cross lunar term ina!or 
rightward 

Start of sunset 

End of sunset 

Begin independ ent mainte­
nance of LM cabin 

Remarks 

During training·, both crewmem bers 
may ent er LMS cabin at same time, 
for convenience. Commander is 
inactive while Systems Engineer 
performs LM activation. 
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Table 3-1. Major Mission Events, Design Reference Mission 
Versus Simulated Mission (cont) 

Design Reference Mission 

RCS ignition for LM/CSM 
separation 

LM/ CSM separation 

LM RCS shutdown 

LM/ CSM separation distance: 
58 feet 

Start of earthset 

End of earthset 

Descent engine ignition, 
initial level 

Descent engine thrusting, 
low level 

Descent engine thrusting, 
high level 

Descent engine shutdown 

Start revolution No . 4 

Start of sunrise 

End of sunrise 

Cross lunar terminator 
dayward 

Start of earthrise 

End of earthrise 

Descent engine ignition, 
initial level 

Descent engine thrusting 
low level 

Descent engine thrusting, 
high level 

Acquire LOS on LM landing 
site 

Attain 40, 000-foot altitude 
above landing site 

Attain 25, 000-foot altitude 
above landing site 

Attain high gate 

Descent engine thrust 
reduction 

Attain low gate 

3-1 6 

Simulated Reference Mission 

RCS ignition for LM/ CSM 
separation 

LM/ CSM separation 

LM RCS shutdown 

LM/ CSM separation distance: 
58 feet 

Start of earthset 

End of earthset 

Descent engine ignition, 
initial level 

Descent engine ignition, 
low level 

Descent engine thrusting, 
high level 

Descent engine shutdown 

Start revolution No. 4 

Start of sunrise 

End of sunrise 

Cross lunar terminator 
dayward 

Start of earthrise 

End of earthrise 

Descent engine ignition 

Descent engine ignition. 
low level 

Descent engine thrusting, 
high level 

Acquire LOS on LM landing 
site 

Attain 40, 000-foot altitude 
above landing site 

Attain 25, 000 -foot altitude 
above landin ll," site 

Attain high gate 

Descent engine thrust 
reduction 

Attain low gate 

Remarks 

I 
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Tab!<' 3- 1. Major Mission Evl'11ts, lksi~11 Hd'1•rt•n1·1 • Mission 
Vc•rsuH S1mulatncl Mission (C'ont) 

·--·---
Desi~n Reference Mission Simulated Refe renc e Mission Remarks 

Descent engine thrust Descent engine thrust 
reduction r eduction 

Veftical descent Vertical descent . 
Lunar touchdown Lunar touchdown 

LM postlanding checkout LM postlanding checkout 
and preparation for first and preparation for fi r st 
lunar exploration lunar exploration 

Begin first lunar exploration Not simulated 
period 

Commander first contacts Not simulated 
lunar surface 

Systems Engineer first con- Not simulated 
tacts lunar surface 

End first lunar exploration Not simulated 

Begin internal LM activity Begin internal LM activity 

AOS - Madrid AOS - Madrid 

LOS - Canberra LOS - Canberra 

AOS - Goldstone AOS - Goldstone 

End internal LM activity End internal LM activity 

Begin second lunar Not s imulated 
exploration period 

LOS - Madrid LOS - Madrid 

AOS - Canberra AOS - Canberra 

End second lunar exploration Not simulated 
period 

Begin internal LM activity Begin internal LM activity 

End internal LM activity End internal LM activity 

Begin third lunar exploration No t s im ulated 

LOS - Golds tone LOS - Goldstone 

E nd thi rd lunar exploration Not s im ulated 

Begin inte rnal LM activity Begin internal LM a c tivity 

End inte rna l LM a ctivity End inte rnal LM activit y 

Begin fourth lunar exploration Not s imulated 

AOS - Madrid AOS - Madrid 

LOS - Canberra LOS - Canberra 

End fo ur th lunar exploration Not simulated 
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Table 3- 1. Major Mission Fvenls, Des ign Refer ence Mission 
Versus Simulated Mission (cont) 

Design Reference Mission Simulated Reference Mission 

Begin prelaunch preparation Begin prelaunch prepar ation 
period period 

Begin preascent checkout Begin preascent checkout 

AOS - Grand Turk AOS - Grand Tur k 

AOS - Cape Kennedy AOS - Cape Kennedy 

End lunar stay End lunar stay 

Ascent engine ignition - Ascent engine ignition -
begin vertical rise begin vertical rise 

LM liftoff LM liftoff 

Begin rapid pitchover Begin rapid pitchover 
maneuver maneuver 

Lose LOS on LM landing Lose LOS on LM landing 
site site 

Ascen t engine shutdown Ascent engine shutdown 

Cross lunar terminator Cross lunar terminator 
rightward rightward 

Start of sunset Start of sunse t 

End of s unset End of sunset 

AOS - Elgin AOS - Elgin 

RCS ignition for concentric RCS ignition for concentric 
sequence initiation sequence initiation maneuver 
burn burn 

Star t of earthset Start of earthset 

End of earthset End of earlhsel 

RCS shutdown RCS sh utdown 

AOS - Corpus Christi AOS - Corpus Christi 

Start of s unri se Sta rt of s unri se 

End of sunris e End of s unris e 

Start of earthrise Start of earthris c 

End of earthris e End of earthris e 

RCS ignition for c ir culariza- RCS ignition for c irculariza-
lion maneuver burn tion maneuver burn 
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Table 3-1. Major Miss ion Events, O(•slgn Reference Mission 
Vers us Simulated Mission (cont) 

Design Reference Mission Simulated Reference Mission 

RCS shutdown RCS shutdown 

RG§ ignitionfor terminal RCS ignition for terminal 
phase initiation maneuver phase initiation maneuver 
burn burn 

RCS shutdown RCS shutdown 

Acquire LOS on LM Acquire LOS on LM 
landing site landing site 

RCS ignition for first mid- RCS ignition for first mid -
course correction course correction 

RCS shutdown RCS shutdown 

RCS ignition for second RCS ignition for second 
midcourse correction midcourse correction 

RCS shutdown RCS shutdown 

AOS - Guaymas AOS - Guaymas 

Lose LOS on LM landing site Lose LOS on LM landing site 

Bypass first rendezvous gate Bypass first rendezvous gate 

Cross lunar terminator Cross lunar terminator 
rightwarg_ rightward 

RCS ignition for second RCS ignition for second 
rendezvous gate rendezvous gate 

·-
RCS shutdown RCS shutdown 

Start of sunset Start of sunset 

End of sunset End of s unset 

RCS ignition for third RCS ignition for third 
rendezvous gate rendezvous gate 

RCS shutdown RCS shutdown 

RCS ignition for fourth RCS ignition for fourth 
rendezvous gate rendezvous gate 

RCS shutdown and begin RCS shutdown and begin docking 
docking maneuver maneuver 

Attain 500 - foot range to CSM Attain 500 - foot range to CSM 

Start of earthset Start of earthset 

LOS - Madrid LOS - Madrid 

End of earthset End of earthset 

Attain 50-foot range to CSM Attain 50-foot range to CSM 
at zero-f t/ sec range rate at zero-f t/ sec range rate 

Remarks 
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Table 3-1. Major Mission Events, Design Reference Mission 
Versus Simulated Mission (cont) 

Dcs ig11 Reference Mis sion Simulated Reference Mission 

Begin initial docking Begin initial docking 

Initial docking completed - Initial docking completed -
begin final docking begin final docking 

Final docking c ompleted - Final docking completed -
begin transfer of LM crew begin transfer of LM crew 
and equipm ent and equipment 

Remarks 
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