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INTRODUCTION

This handbook contains a detailed description of, and complete operating instructions for, the Lunar
Module (LM) Mission Simulator. The handbook comprises two volumes: volume I, LM Mission Simulator Des-
cription, and volume II, Simulator Operation. Volume I is intended to completely familiarize the instructor
with the LM Mission Simulator (LMS), the simulated subsystems, and the training activities to be performed.
Volume II is intended for use by the instructor as a workbook; it contains the information required to set up and
run training exercises.

Volume I contains three sections: Section 1, Simulator Description; Section 2, Subsystem Simulation; and
Section 3, Training Activities. Section 1 describes the LMS configuration and function. All simulator peculiar
controls and indicators are illustrated and described in detail. Section 2, familiarizes the instructor with the
methods used in the LMS to accomplish LM subsystem simulation. Section 3 presents the information required
by the instructor to set up a comprehensive series of LMS training exercises.

Volume II contains seven sections: Section 1, LMS Operation; Section 2, Malfunction Data; Section 3, Lunar
Landing Mission Procedures; Section 4, Interface Operations; Section 5, Instructor Material; Section 6, Script-
ing Data Sheets; and Section 7, Simulator Output Tables. Section 1 contains step-by-step procedures required
to bring the simulator up to a state of operational readiness. Section 2 presents a complete list of malfunctions
available for insertion in the training exercises. Section 3 contains detailed sequences of nominal and non-
nominal crew tasks performed during a lunar landing mission. Section 4 contains the setup procedures per-
formed by the instructor for LMS-AMS, LMS-MCC, or LMS-AMS-MCC integrated operation. Section 5
contains instructor reference material to be used in setting up training exercises. Section 6 contains the
primary materials used by the instructor to organize and conduct LMS training runs. Section 7 is a list of LMS
program symbols and their definitions.

Frequent reference is made, in the handbook, to Apollo Operations Handbook, LMA790-3-LM2. These
references direct the reader to detailed descriptions of the LM controls, indicators, and subsystems. LM
Abbreviation List, LLI 790-1, supplied as a supplement to the instructor's handbook, defines the abbreviations
used on the LM program, including those peculiar to the LMS.

xiii
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SECTION 1

SIMULATOR DESCRIPTION

1.1 PURPOSE AND SCOPE.

This section describes 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 herein; for detailed information, refer to
Apollo Operations Handbook, LMA790-3-LM 2.

1.2 GENERAL DESCRIPTION.

The LMS is a fixed-base training device 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:

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

e Typical mission - Training in solving typical mission problems, and accelerated-time performance
of a variety of complete training missions

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

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

e Subsystem procedures - Training as defined in encompassing 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 digital computer is used for all computations. The programs written for the computer
determine the completeness of simulation, dynamic response, and accuracy of results.

There are two complete LM simulators: one is at Manned Spacecraft Center (MSC), Houston, Texas;
another one, at Kennedy Space Center (KSC), Cape Kennedy, Florida. The configuration of both simulators is
essentially the same, the only significant difference is in facility layout.

Each LMS consists of a simulated LM cabin, instructor console, telemetry console, equipment cabinets,
and external visual display equipment (EVDE). The arrangement of the LMS at the sites is shown in figures 1-1
and 1-2. The equipment shown in figures 1-1 and 1-2 is identified by unit number and listed in table 1-1. Be-
cause the installations at the training sites are similar, the MSC installation (figure 1-1) is described; differences
in equipment layout at KSC are indicated.

The physical arrangement of the LMS provides direct lines of personnel communication, computer commu-
nication, and ease of maintcnance. The total available arca is used to provide a logical arrangement with
adequate provisions for training mission personnel and observers. The main entrance aisle provides access to
the instructor's console, which serves as the control center for the LMS. The instructors can monitor all
activities from this location, observing personnel at the LMS cabin, the status of the peripheral computing equip-
ment, and personnel entering the computer area.

The LMS cabin and EVDE are on a cement slab of the enclosure floor, which provides physical stability 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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djacent to the large access doors. The remaining equipment, located on computer-type flooring for ease of
‘nterconnection, is of modular construction and, therefore, can be rearranged 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 requirements 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 installation. Total power consumption, under normal conditions with all equipment turned on, is
approximately 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 sequence 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-online 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, eachsubsystemis 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:

e Control and monitor group
e Sensory group
e Data-processing group
e Ancillary group.
The functional equipment groups are described in detail in paragraphs 1.5 through 1. 8.
1.4.1 LMS FUNCTIONAL BLOCK DESCRIPTION.

All blocks shown in figure 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
software requirements (simulated LM subsystems and environments) are reflected. The purpose and perfor-
mance of each software block is discussed in its assigned paragraph, subordinate to the subsystems (software)
descriptions. To reduce interface complexity, hardware/software relationships are coded with large open
arrows to relate hardware signal/control interfaces; smaller flow lines show program interdependence.

Because figure 1-3 establishes the requirements for specific functional equipment categories and logically
develops the hardware/software relationship, it defines the simulation task. Therefore, the block diagram not
only provides an overall system concept, but permits correlation between simulation tasks and simulation

'nhj('clivvs.

—
1
3V




LMAT390-2-LMS

LINE 6F VIEW \( UTILITY POWER
INPUT [ !
ReTATE simée-Sine Bt XFMR T
—a ¢ otE RomaTes o0 -Botiom ; 22| |
\ 3 \ Y GFE A29 A4 A23 A20 5
+V - “~—— EVDE —— _ i
;__ ?/ ‘ FATERNAL Uil DAY CEQu T <’
AR
compl 2 A33 A40 ; cq}; 09& o
SIG AND POWER SQQ ()0""\;0‘
POWER DIST DIST \ e
! Al4
31 | 39 40 44 A26 ] thf;ED A Al3
Simutartions SCATS VISUAL VISUAL DWOD TV CAMERA GRETBOIRCS
J CHETK. 00T DRIVE 1 DRIVE 2 7@ ELECTRONICS 10
- Ao podons
L_I[ | TRAI VI G el IMAGE
Sy s rewh e ~ GENERATION
LALDIRG AkD Asector ’
CARD SNETIC TAPE U (T evENTl 0| S5 | & 169160 IMhGE GENeRATOR. IB
PUNCH il AU R LAY [XTXT 15 -—-n F-z= f
PRINTER CONSOLE B CONSOLE A MTU MTU o | L ! ' '
- . —— RECORDER ——— i
9 81 80 83 CORAFT
= CARD @ SHICHOEAFT
i — ‘wmd‘” 17 |:1(r3?clm?gk
CARD % TABLE m— STAIRWAY
f‘ 7o |LINE @ TABIE j READER AR 73 (050 140
( PRINTER Lo
Lol L |t » |2 alls | N/
TYPEWRITER CPU B nv IVt 2EBU S LMS A17 |
AﬁU oot € TABLE CABIN A18 [| A21, A22, A34
87 77 86 76 75 Ceew A19 [] OVERHEAD WINDOW
J = ‘ 18 sSinie 2 A AOT ; Ll
MAG TAPE CPU C c orﬁ e
STORAGE MAG = CONSO 29 /RN
INPUT/OUTPUT TAPE CONTROL e \
PIU C PIU B CONTROL 38 37 36 INSTRUCTOR kS
o8 - P CONSOLE A25, A27, A28
84 74 A2, A3, A9
o POWER ———— INTERFACE R oW el ey
PIU Rrnc ode
CARD . ARR ade avn WINDOW
FILE 32 33 /n/t;sgy,,-c,-,‘w
/ G710 D
52 48 49 47 46 45 43 42 /. COM AURAL CUE w7
N
TRAJECTORY D/A D/A  PCM DWOR 2.DWOR 1 DB DBO vidichier AND MIU M/ségv
141 <o
BUFFER SCS ovT T Qb’b')f r%_”;— na\u[ﬂ
51 —71 72 30 A5 AIR
VENT[ All A10 MEP | DUCT 9
DCE LLS LLS  DCE INTERFACE ] ARTD—CSM MODELS AND PROBE , CARRIAGE o
HENDELIpOS AND Dockipe, IMAGE CONTROL {
n
] N RENDEZVOUS AND DOCKING GENERATION - 1
o COOL AR i
/ | SUPPLY E
END OF LMS AREA T
Figure 1-1. LMS Equipment Arrangement MSC, ¥
Tl o U e e P e el = e




P

LMAT90-2-LMS

- - - - - - -—— - - - - 2
73 22 A40 A33 [A29| A4 |A23[A20| A26
CARD XFMR POWER SIG AND\M——EVDE—— TV CAMERA A13
PUNCH C DIST POWER ELECTRONICS L AND A
DIST ELECTRONICS
83 82 81 80
31 39 40 44 -
MTU MTU  CONSOLE CONSOLE
LINE B A SCATS VISUAL VISUAL DWOD ]
PRINTER DRIVE 1 DRIVE 2 Al4
L AND
PROBE
69 68 66
78 TABLE TABLE 10 ELECTRONICS
L AND A
IMAGE
15
CARD GENERATION
READER 16
RECORDERS
TYPEWRITER 17
e 65
INSTRUCTOR 1
77 86 76 75 GFE 66 POSITION
CONSOLE INDICATOR
CPU B ADU PIU CPU CONSOLE C
STAIRWAY
18 — f
INPUT/OUTPUT .
CONTROL PIU A 23 T/M 19 Lk
85 50 84 74 GFE CONSOLE INTERFACE caBIN || 21, A22, A34
U C 29 OVERHEAD WINDOW
RIL 8 MAGNETIC FIK E o
TAPE CONTROL > %
\\
46 45 43 42 GFE 38 37 36 / A25, A27, A28
RIGHT HAND A2, A3, A9 |
DWOR 2 DWOR 1 DBI DBO PIUC ~— POWER —— WINDOW LEFT HAND
A5 WINDOW
COM MEP
52 48 49 47 32 13
TRAJECTORY D/A D/A PCM
BUFFER SCS AURAL CUE COOL AR
AND MIU SUPPLY
51 7 72 30
A10| A1l
DCE LLS LLS  DCE INTERFACE n
PROBE AND RENDEZYOUS AND DOCKING GENERATION
. B __ ‘, CARRIAGE
CONTROL
LMS-1-14
Figure 1-2. LMS Equipment Arrangement, KSC, Cape Kennedy, Florida




e

LMAT90-2-LMS

Table 1-1.

LMS Equipment Arrangement

Unit No.
(Figures
1-1 and 1-2)

Nomenclature

Description

1

10

11

14

15, 16, 17,
18, 19

23

29, 30

Cabin crew station

Compressor cabinet

Landing and ascent image genera-

tion unit

Rendezvous and docking image

generation unit

Spacecraft position indicator

Instructor console

Autotransformer cabinet

Telemetry console

Interface cabinets

LLMS cabin simulates LM cabin area; controls and dis-
plays are mounted in same configuration as those in
LM. In addition, structure includes closely related
support equipment cabinet racks. Two suit pressur-
ization control panels are mounted on structure, be-
hind clear glass doors.

Compressor cabinet houses four motor-driven air
compressors and glass-lined, 30-gallon reserve supply
tank to supply compressed air for pressure suits.
(Building air may be used in place of compressed

air.) Filters, regulators, and plumbing associated
with compressed air supply are also in this cabinet.

This structure houses lunar model and three-axis
translational drive assemblies that provide visual
effects in simulation of landing and ascent. Image
generation unit consists of movable model of lunar
surface and optical probe device that forms lunar

image and distributes it to cabin windows.

This structure provides darkened environment for two
CSM models, which serve as rendezvous targets.
Models are observed by mobile camera, which travels
along track to simulate approach to docking. The

two models are of different size, to accommodate range
of focus field. Scale of CSM model used for docking

is 1:20; for rendezvous, 1:80.

This unit provides instructor with visual indication of
simulated spacecraft orbital position. It traces simu-
lated trajectory with moving spot of light over pro-
jected maplike display of earth or lunar surface.
During rendezvous, two spots (CSM and LM) are
traced.

This console has operating positions for Mission
Coordinator, Commander Instructor, Systems Engineer
Instructor, and Suit Technician. Console has re-
peaters of all LM cabin controls and readouts, and
subsystem controls for entire simulator complex.
Mounted on instructor console, but not part of it, are
two closed-circuit EVDE TV monitors.

This unit houses 125-kva autotransformer, which
selects and stabilizes main input power supply to LMS
complex.

This console provides controls and displays for
Telemetry Instructor to monitor any of approximately
500 analog telemetry data channels, and to malfunction
as many as 8 bilevel and 8 analog channels simulta-
neously.

These double-width cabinets contain cable terminatipn
taper pin jacks that are used for signal patching be-
tween digital conversion equipment and remainder of
LMS complex.

1-7
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Table 1-1.

LMS Equipment Arrangement (cont)

1-

Unit No.
(Figures
1 and 1-2)

Nomenclature

Description

31

32

33

36

37

38

39

40

42

43

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 drive cabinet No. 1

Visual drive cabinet No. 2

Digital bit output (DBO) cabinet

Digital bit input (DBI) cabinet

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

This cabinet houses audio and channel-switching equip-
ment required to simulate various voice and signal
transfers between LM, CSM, and earth tracking net-
works.

This cabinet houses the logic circuitry required to
interface with the malfunction insertion and display
units at instructor console, and some printed circuit
cards [or aural cue system. Cards include white

noise sources, voltage-controlled filters (VCF), and
voltage-controlled attenuators (VCA)to provide realistic
and synchronized acoustic environment within LMS cabin.

This cabinet houses main input power feed and master
breaker (1,000 amperes) for entire LMS complex, and
circuit breakers for each major 115-volt a-¢ power
bus (including life support, utility power, peripheral
power, data conversion equipment (DCE), computer
complex, EVDE, and 400- and 800-cycle gencrators).

This cabinet houses only circuit breakers and the +14-
-14-, and 26-volt d-c power supplies. Largest circuit
breaker is 300-ampere unit for EVDE 115-volt a-c
supply. 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 instrumentationto monitor
voltage, current, frequency, 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 houses 6 data receiver (D/R) converters
for EVDE driver, 22 isolation amplifiers that act as
buffer between computer complex analog-to-digital
(A/D) equipment and EVDE, and 42 electronic synchro
driver printed circuit cards with associated power
supply.

This cabinet houses 22 digital resolver converters
that convert digital data from adjoining DWOD unit
(No. 44) to a-c signals, appropriately scaled to drive
synchro resolvers of EVDE.

This cabinet houses DBO equipment capable of handling
488 channels (387 functional and 101 spare).

This cabinet houses printed circuit cards and equip-
ment to accommodate 576 channels (508 functional and
68 spare), with growth capability to accommodate as
many as 720 channels. Sharing cabinet space are 9
DWI channels (8 functionaland 1 spare), each accepting
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Table 1-1. LMS Equipment Arrangement (cont)

Unit No.
(Figures
1-1 and 1-2)

Nomenclature

Desceription

43 (cont)

44

45

46

47

48

49

50

51

Digital word output direct (DWOD)
cabinet No. 1

Digital word output relay (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/D)
cabinet

Input/output (I/0) control cabinet

Power unit

Trajectory buffer and stabilization
and control section (SCS) input
cabinet

24 discrete input lines; rack space is provided to add
another 12 channels.

This cabinet houses 30 direct digital output channels
with growth capacity to 64 lines. Discrete signals
from the DWOD are converted as inputs to EVDE
resolver drive circuits. Data registers to DWOD
are buffered with isolation amplifiers before tie-in
to EVDE.

This cabinet houses printed circuit cards and equip-
ment to process bilevel outputs from computer as
complete digital words, rather than on individual bit-
by-bit basis. Common applications require relay
buffering to assure continuity of signal during repeti-
tive digital computations.

This cabinet is similar to cabinet No. 1 (unit No. 45).
It houses DWOR printed circuit cards with maximum
total capacity of 128 channels.

This cabinet houses highly stable, temperature-
compensated oscillator that provides for necessary
synchronization of all elements of LMS complex.
External master sync signals are provided to LMS
when used in integrated mode. These signals integrate
all LMS elements to common chronological time base
and synchronize two computer processors.

This cabinet houses 320 channels of D/A conversion
printed circuit cards (with provision for maximum of
345 channels) that provide necessary conversion from
digital calculations of computers to variable level
analog signals required by LMS instrumentation.

There are 64 channels (27 functional and 37 spare) of
conversion equipment housed in this cabinet (with
additional card rack slots) for a maximum of 160
channels.

This cabinet houses commutation sequencing equip-
ment that controls loading of input and output data into
channels of digital data conversion equipment. All
conversion equipment devices are loaded under pro-
gram control from 170 routines stored in computer
complex.

This cabinet houses two D 'R converters for EVDE,
and individual circuit breakers to protect elements
of digital conversion equipment (DCE).

This double-bay cabinet houses timing circuits and
buffer registers to accept trajectory data from com-
puter complex (in bit parallel, serial word form), and
format it (serial bits) for transmission to MCC. The
SCS portion includes timing pulse generator and
counting registers to integrate short-duration signals
from LMS cabin hand controllers.
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Table 1-1.

LMS Equipment Arrangement (cont)

Unit No.
(Figures
1-1 and 1-2)

Nomenclature

Description

65, 66

68, 69

70

71

72

73

74, 85

76

X-T recorders

X-Y plotters

Event recorder and audio tape
recorder

Lunar landmass simulator (LLS)
computer cabinet

Lunar landmass simulator flying
spot scanner unit

Card punch units

Peripheral interface units (PIU)
A and B

Central processor unit A

Shared peripheral interface unit

LMS complex includes two Brush recorders, which plot
tracks of variable analog data (X) on {ixed time base
(T). Recording paper drive speed is selected to pro-
vide variable time base. X-plot is selected at differ-
ent scale factors. Recorder operation and parameter
selection are normally under program control through
punched cards.

Two dual-pen servo-driven plotting recorders perma-
nently record trace of bifunctional relationships.
Parameter pairs to be traced are selected by program
control at computer input devices.

Event recorder is 20-channel bilevel recorder, which
plots digital status on constant running time base.
(Speeds can be selected.) Dual-head audio tape re-
corder automatically transfers between two tape heads
to provide uninterrupted recording throughout training
mission.

This cabinet houses solid-state electronic circuits
for combining and processing video data derived from
flying spot scanner outputs. Multiplexing of these
signals and trigonometric transformation of elevation
data is accomplished with LLS computer cabinet.

This cabinet houses optical equipment for simulta-
neously scanning dual factored transparencies. These
photographic plates carry coded elevation 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 system and photomultiplier tube
for two transparency plates being scanned.

Both card punch units include their own power supply,
power control circuits, and logic signal conditioning
equipment.

Each cabinet houses identical equipment to provide
for fanning out of computer interface connections.
This is accomplished by diode gate cards terminating
in computer sense lines. Each PIU cabinet contains
interrupt line logic cards, direct memory access
assembly and control unit, and its own power supply.

Part of LMS computer complex (DDP-224 central
arithmetic processor). Central processor unit A has
core memory capacity of 40,960 words. Each central
processor executes its programmed instructions
independently of the other.

This cabinet houses several common channel devices
used by both computers. These include fully buffered
channel; real time clock; interface expansion logic

and its associated power supply: interface circuits for
card reader, card punch, and line printer; and two
time multiplexing units for card reader and card punch.
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Table 1-1. LMS Equipment Arrangement (cont)

Unit No.
(Figures
1-1 and 1-2)

Nomenclature

Description

K

78

79

80

81

82, 83

84

86

87

88

A2, A3,
A9

A4, A29

A5

Central processor unit B

Card reader unit

Line printer units

Console unit A

Console unit B

Magnetic tape units

Magnetic tape units control
cabinet

Shared access distribution unit

Central processor unit C

Peripheral interface unit (PIU) C

External visual display equipment
(EVDE), left-hand window unit

Left- and right-window EVDE star

display electronics cabinet

Mission effects projector unit

This unit is similar to central processor unit A (No.
75), except for larger core memory of 49,152 words.
Both share 8,192 words of common core memory,
for total of 98, 304.

Card reader unit includes internal power supply,
data handling logic, and switch panel to control its
functions.

Two high-speed line printer units provide programmed
printouts at 300 lines per minute. Paper supply
magazine may be loaded with multiple carbon to print
several copies at one pass.

This console unit houses basic controls for its associ-
ated DDP-224 computer. Console panel has indicators
for arithmetic and control registers. Typewriter is
mounted on writing surface.

This console unit is essentially identical with console
unit A (No. 80).

These two dual-magnetic-tape transport cabinets
house read-write control logic circuits and associated
electronic signal processing. One time multiplex
unit serves each half of dual units. Tape data may be
used to initialize simulation problem or to record
data during training mission.

This cabinet houses two tape control chassis; each
operates one dual tape transport unit and two line
multiplex units, permitting independent operation of
each dual transport.

This cabinet houses flip-flop registers and decoding
logic to establish joint core memory, shared by cen-
tral processor units A and B and fully buffered channel
equipment. Joint access of these devices to common
core is regulated by priority logic circuit within this
unit.

This DDP-224 computer is ISLGC. (Information will
be supplied at later date.)

Provides for fanning out of central processor unit C
(unit No. 87) interface connections.

This unit houses composite visual image-generating
equipment, essentially identical with right-hand dis-
play unit (No. A25, A27, A28).

This cabinet houses control chassis for individual
image generators of left and right display windows.
Controls for illuminators, celestial sphere, and
occulation mask are included.

This structure houses film-projecting equipment for
projecting visual displays of lunar and earth scenes,
which are picked up by closed-circuit TV for input to
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power cabinet

Table 1-1. LMS Equipment Arrangement (cont)
Unit No.
(Figures
1-1 and 1-2) Nomenclature Description
A5 (cont) optical system of EVDE. Indexing of appropriate film
slide to be viewed is under computer control.
Al0, Rendezvous and docking electronics | Twelve identical illuminator controllers are mounted
All unit in this unit. They provide high-current lamp intensity
modulation when driven by control signal outputs
from computer complex. Several illuminator power
supplies are also housed in this unit.

Al13 Landing and ascent control elec- This cabinet houses signal-processing circuitry and
tronics and lunar model and drive related camera and servo-controlled equipment.
electronics cabinet

Al4 Landing and ascent probe elec- This cabinet houses equipment to drive simulator and
tronics cabinet logic signals for landing/ascent probe.

Al7, A18, Alignment optical telescope (AOT) This unit houses servo-driven starfield simulation

A19 star display unit equipment, including illumination sources for realistic
celestial field and occultation equipment to duplicate
eclipse effects.

A20, A23 Overhead and alignment optical This cabinet houses equipment to provide control sig-
telescope electronics cabinets nals for displays that are visible through LMS cabin
overhead window.
A21, A22 External visual display equipment This unit houses visual display generator system

A34 overhead window unit similar to left- and right-hand window units, except
for lunar surface display.

A25, A27, External visual display equipment, This equipment (like left-hand EVDE) generates com-

A28 right-hand window unit posite visual display, which incorporates earth and
lunar images, celestial field, and projected television
view of CSM for rendezvous maneuvers. These images
are combined in lens-mirror system that yields visual
image display to crewmembers.

A26 TV camera control cabinet One bay of this cabinet houses seven duplicate camera
control units and four electronic special effects
chassis. Adjoining bay includes TV power distribution
controls, sync circuit chassis and monitor kinescope
unit.

A33 Signal and power distribution This dual-bay cabinet houses switching panel and

cabinet several independent signal distribution units.

A40 External visual display equipment This dual-bay cabinet houses main switches and moni-

toring instruments for power distribution within EVDE
and several individual power supply units.
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1.4.1.1 LMS Mission Phases.

The LMS is a complex of equipment that ¢nables astronauts and ground personnel to undergo training that
simulates manned carth-orbital, lunar-orbital, and lunar-landing missions. This training includes the follow-
ing mission phases, as required for cach type of mission:

e Translunar - LM subsystems checkout

e Circular lunar orbit - LM subsystem checkout and readiness
e Separation and descent orientation
e Coasting descent - tranfer orbit

e Powered descent to hover

e Hover and landing

e Postlanding checkout

e Lunar-stay preparations

e Lunar-stay activities within LM

e Preascent checkout

e Powered ascent

e Coasting ascent - transfer orbit

e Rendezvous

e Docking

e Circular and elliptical earth orbits
e Synchronous orbit

e Parking orbit.

1.4.1.2 LMS Modes of Operation.

Due to the commitment of LM, command module, and ground personnel training requirements (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 complete
control of LMS operation. With the MODE SELECTOR switch on the instructor console set to LMS ONLY,
switches on the PROBLEM CONTROL panel control operation of the LMSduring the various mission parameters.
Equations of motion for the CSM are computed within the LMS complex, transmission of telemetry data between
the LMS and MCC is halted, and simulated radio communication between LMS-AMS-MCC is terminated.

1.4.1.2.2 LMS-MCC Operation.

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 perform 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 reference are transmitted together with trajectory data to permit MCC to
evaluate and use the received trajectory data in real time. The LMS and MCC compute LM trajectory informa-
tion in parallel; computations in the LMS are used to determine trajectory during astronaut-initiated maneuvers;
computations at MCC are used to determine trajectory during ballistic flight. In the LMS, translation and
rotation are computed at high iteration rates (10/second and 20/second), and realistic simulations of the Main
Propulsion Subsystem; Guidance, Navigation, and Control Subsystem; and Reaction Control Subsystem are
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included. Thus, during the thrusting period, 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 can
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, required 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 required 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 flow
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 exercises, the AMS generates the trajectory
profile for all mission 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 EVDE 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, data acquisition sub-
system, and interface complex discussed in paragraphs 1.5.1 through 1.5.4.
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1.5.1 INSTRUCTOR CONSOLIL.

The LMS instructor console (figure 1-4) is a U-shaped structure designed to accommodate two instructors
and two support personnel. Il occupies approximately 22 feet end-to-end in the wrap-around configuration.
Each console section has independent fluorescent overhead lighting, and storage space under the desk area.

The console contains repeater displays of the instruments within the simulated LM cabin and additional controls
and displays to enable the instructors to effectively monitor and direct training situations.

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 record crew performance and
flight parameters. Television monitors for observing 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 Mission Coordinator, a Commander Instructor, a Systems
Engineer Instructor, and a Suit Technician. A Telemetry Instructor is at a separate console.

The Mission Coordinator monitors trainee power, selects the interface mode (LMS-AMS, LMS-MCC, etc),
sets the initial condition, and controls the running of the problem. In addition to these specific responsibilities,
he can monitor the overall problem (repeaters, malfunctions, communications, etc), as necessary, to enhance
efficient and effective training.

The Commander and Systems Engineer Instructors monitor their respective flight crew astronauts. For
this purpose, each has cabin repeater instruments and lights, switch position indicators, and the space flight
position indicator. The instructors also have control responsibilities. Each can insert malfunctions, time
events, and fail circuit breakers.

The Suit Technician monitors suit and cabin temperature, suit pressure, and suit airflow. He controls
suit pressure and the pressurization rate.

The Telemetry Instructor can monitor problem malfunctions, insert malfunctions, and monitor transmis-
sion status, bilevel groups, digital words, and analog channel malfunctions.

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

e A dual-head tape recorder provides a permanent record of Commander/Systems Engineer, and
flight crew/instructor, conversation. The instructor can selectively record continuously or only
during voice transmission.

e Two X-T recorders provide a record of variable quantities against a time base (chart speed).
Each X-T recorder has eight channels and two time channels. The Systems Engineer Instructor
can mark each X-T recorder by activating the appropriate switch on his RECORDERS panel.
These marks facilitate referencing the recorded data, especially if the instructor uses a coding
system for the marks. Typical variables programmed to be recorded are: total mass of the
vehicle, axis position of a hand controller, propellent quantity, and attitude with respect to a
specific reference system.

e Two X-Y plotters provides a record of one variable against another variable. There are two
X-channels and two Y-channels. This fact, coupled with a large paper size (11 x 17 inches)
results in an inherent recording accuracy much greater than that of the X-T recorders. The
following are representative of the variables that can be recorded: range vs. range rate, altitude
vs. distance to lunar landing site, altitude vs. altitude rate, and relative distance between the
simulated CSM and the LM during rendezvous.

e A 20-channel event recorder provides a record of discrete events against a time base. The event
recorder is particularly useful in recording specific procedures and sequences. For example,
the switch sequence for jettison during ascent staging could be recorded. Another example would
be the recording of crewmember reaction to a malfunction in a dual system (such as the Reaction
Control Subsystem); the sequence of switching to the alternate system would be recorded along
with the crewmember's reaction time.
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.1. 5.1.1.1 CSM AV Change Capability.

The instructor's AV controls are primarily intended to give the instructor the added capability of position-
ing the CSM (within certain limits) out of plane with the LM position before start by the rendezvous and docking
maneuvers. The controls are on the CSM CONTROL panel of the instructor console. Combined use of the AV
INSERT switches with the selectable TRANSLATION RATE X, Y, Z digiswitches on the CSM control panel
provides the translation rates necessary to accomplish CSM positioning.

CSM attitude control is governed by the attitude mode selected and the CSM attitude hand controller located
immediately in front of this panel. The three TRANSLATION RATE, X, Y, and Z switches on the CSM
CONTROL panel are used to alter the inertial velocity of the CSM along the respective axis in positive ov
negative directions. The reference axis is parallel to the inertial nonrotating moon or earth frame, depending
on the mission. These switches have a range of 0.00 to 9.99 feet per second in 0. 01-foot-per-second incre-
ments. One AV input, or all three simultaneously, may be inserted. FEach time the INSERT button is pressed,
an incremental velocity equivalent to the control setting is entered along the selected axis.

Attitude changes may be visually monitored at the TV monitors or at the FDAI on the flight control panel.
1.5.1.1.2 Spacecraft Position Indicator. (See figure 1-5.)

The spacecraft position indicator is not part of the instructor console, but is operated by the instructor in
conjunction with the console. The instructor can display the current position and mission mode of the CSM and
LM on the spacecraft position indicator screen. Manual controls enable power switching, automatic manual
mode switching, background selection, and spot position control. The controls and displays of the spacecraft
position indicator, and their function, are listed in table 1-2.

The spacecraft position indicator is a mechanical/optical projection system. Two spot projectors indicate

current position of the LM and CSM. A background projector provides the necessary mission reference infor-
mation.

The system consists of a display surface and projectors incorporated into a single unit mounted in its own
cabinet. This cabinet and a cabinel of associated electronic equipment constitute the total equipment required
for the spacecraft position indicator. It operates in automatic and manual modes. All input signals required
for the indicator in its automatic mode are provided by the LMS computer in analog form.

The manual control panel permits manual operation of the indicator for power switching, automatic/manual
mode switching, background selection, and spot position control. The panel is mounted below the projector
display area, under a cover that conceals the controls. Equipment status indicators, also below the projector
display area, are visible at all times.

The projection system consists of the following:

e Two spot projectors (servo-driven in X-axis and Y-axis)

® A background projector and slide magazine with a maximum capacity of 48 slides. (Magazine is
not loaded to capacity; currently, 21 slides are used.) Projector can select 29 slides automatical-
ly (by computer) or they can be selected manually.

e FElectronics for control and switching of the projectors

e A manual control panel

e Background slides

e FEquipment status indicators.

Each spot projection conforms to the following motion and tolerance requirements, as measured on the
display surtface for each axis ol spot motion.

Maximum linear tracking speed 3 inches per second

Maximum slew speed 15 inches per second
' Static accuracy 10.1 inch

Velocity constant 30/second
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Figure 1-4. LMS Instructor Console

. TRUE TRAINEE ENVIRONMENT PANEL
. CONSOLE LIGHTING PANEL

. EVDE TV MONITOR

. TV CONTROL PANEL

. POSITION INDICATOR

. POSITION INDICATOR CONTROL PANEL
. EVDE TV MONITOR

. TV CONTROL PANEL

. COMMUNICATIONS CONTROL PANEL
. COMMUNICATIONS CONTROL PANEL
. HAND CONTROLLER

LMS-1-1

1-19/1-20

Aol Su St e b e S ettt Bt aeiial oy SRl B de L ), o GO ab By SR S0l gl

S




LMAT790-2-LMS

27 ¢

D ¢
T

S Thpae =
oD um | e 5 A..2158
| nIDcmll !%"lﬁ'l 5
E o\es :
eass\\ -
\:} -
i\ 4‘1-

@

SYSTEM POWER STATUS EXTERNAL POWER [ PROJECTOR No. | ———] [———— PROJECTOR No.2 ——— [——— MAWUAL SLi€ uuc‘vﬁ*‘
2ov || _ v " VERT VERT
< 1ovoe +28voc | [-e3voc @ © ©

CONTROL 12ov
MODE 6o~

SPOTTING PROJECTOR NO.I  SPOTTING PROJECTOR WO. 2 ik eT woR

sLOWER | LamP BLOWER || LamMP
FAIL FAIL FaIL FAIL

© o 600

LMS-1-53

Figure 1-5. Spacecraft Position Indicator Control Panel
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Table 1-2. Spacecraft Position Indicator, Controls and Displays

Control or Display Function

SYSTEM POWER STATUS switches When illuminated, indicates presence of various voltages

120V 60 ~
-10 VDC
115V 400~
+28 VDC
-6.3 VDC

SPOTTING PROJECTOR NO. 1 Press-to-test switches; indicate blower or lamp failure

BLOWER FAIL switch
LAMP FAIL switch

SPOTTING PROJECTOR NO. 2 Press-to-test switches; indicate blower or lamp failure

BLOWER FAIL switch
LAMP FAIL switch

MANUAL CONTROL MODE switch When illuminated equipment can be operated manually
EXTERNAL POWER circuit breaker Apply external power

120V 6 ~

-10 VvDC
BACKGROUND PROJECTOR switch Turns on background projector
SPOTTING PROJECTOR NO. 1 Turns on spotting projector No. 1
switch
SPOTTING PROJECTOR NO. 2 Turns on spotting projector No. 2
switch
HORIZ knobs (two) Horizontal drive control for spotting projector No. 1 or 2
VERT knobs (two) Vertical drive control of spotting projector No. 1 or 2
QUIET MODE switches (two) Turns on QUIET MODE lights in each projector
I(VIAI\;UAL SLIDE SELECT knobs Manual controls for changing slides
two

Precision background slides for the display system are provided in the background projector carousel. To
assure repeatability and registration accuracy, it is recommended that these slides not be removed. If they
must be removed, check that they are returned to their original carousel locations and are not switched from
system to system. The slides are photographic reporductions on spectroscopic emulsion mounted on glass.

The spacecraft position indicator is in two cabinets. One cabinet contains all of the electronic equipment
associated with the display unit, the other contains the display unit. The electronic cabinet houses the electro-
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 supported by the electronics cabinet.

The electronics cabinet has doors on both sides to provide full access to the equipment and cabling. The
viewing screen is tilted forward at an angle to permit satisfactory viewing by an instructor seated at the con-
sole and an observer standing 15 feet from the display surface. For forced-air ventilation, the cabinet has
inlet grills and exhaust blowers to circulate conditioned room air through the unit. The cabinet is dust tight.
Heated exhaust air is externally expelled at the top. All intake and exhaust opening are filtered. The cabinet
has casters and leveling jacks; a reinforced metal base permits lifting from underneath by means of a forklift.
The cabinet is secured together and equipped with a grounding stud to prevent danger of electrical shock.
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The interface between the LMS and the spacecraft position indicator has the following electrical character-

‘ istics:

Command signals (analog) Variable between 0 and -10 volts dc; 0.025% accuracy;
1.5K-ohm source impedance. Load impedances are
equal to, or greater than, 50K ohms. Inline scale
adjustment is provided at load location.

Signal reference and grounds

Servo reference voltages -10 volts dc at 0.01% regulation
D-C signal return Single-wire return for system ground
Chassis ground Single wire for earth ground
Source power (primary a-c power) 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 equipment, 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
circuit is connected directly to the simulator utility power 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 required

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 bottom 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 (figure 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 display the resultant malfunctioned data, the true data, or the data with malfunction remov-
ed, as desired.

The telemetry data are transmitted by hard line to MCC with the same accuracy as the actual LM telemetry
system. The LMS can transmit 51, 200 or 1, 600 bits per second, in serial form, to MCC through line drivers.
The telemetry output (eight-bit words) is capable of, but not limited to, a rate of 6,400 telemetry values per
second, amounting to transmission of 51, 200 bits per second. A flow diagram of the telemetry signals is shown
in figure 1-8.

The telemetry console performs the following functions:

e Monitors all telemetry data before conversion to final PCM telemetry format
e Monitors LMS instrumentation control and switch positions that govern PCM rates and modes

e Inserts faults into the LMS telemetry system (except LGC)

Displays the fault-modified data
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(to be supplied)

Figure 1-6. TV Monitor, Control Panel

Table 1-3. TV Monitor, Controls

Control Function

(Information to be supplied when available)
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Table 1-4. Instructor Console Panels

Figure 1-4
Index No. Panel Function
1 Spare
2 Spare
3 CONSOLE LIGHTING Floodlighting and indicator lighting
controls (left portion of console)
4 CCS keyset Provides simulator audio selections
(position 520) and call alert (visual and aural)
5 EMERGENCY Emergency turn-off switches for
EVDE and LMS complex
6 Spare
7 SIMULATOR STATUS Indicates subsystem power and
computer status
8 Spare
9 AURAL CUE Controls audio level in cabin
10 INTERFACE CONTROL Establishes degree of integration
with AMS and 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 panel
15 AOT MARK ERROR Displays astronaut's sighting error
of two stars
16 AUDIO Switch-position repeaters of
Commander's AUDIO selection side
panel
17 Spare
18 Spare
19 DSKY Fully operational repeater of
Commander's DSKY panel; instructor
may set in, or read out, guidance
data just as astronauts do
20 MISSION TIMER Repeater of cabin MISSION TIMER
and controls
21 Spare
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Table 1-4. Instructor Console Panels (cont)

Figure 1-4
Index No. Panel Function

22 WARNING PANEL Repeaters of WARNING annuncia-
tor panel and Commander's
MASTER ALARM light

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

24 FLIGHT CONTROL Repeaters of Commander's flight
control instruments and related
switch positions; includes repeaters
of event timer 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 breakers.

26 EVDE VIDEO SELECT Selects astronaut's visual display
for viewing on left console TV
monitor

21 LEFT LAMP TEST All panel 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 keyset Provides simulator audio selections

(position 518) and call alert (visual and aural)

31 EVENT TIMER Resettable electric timer for
instructor's convenience

32 TIME DISPLAYS Numerical readouts of various
chronological mission parameters

33 MAIN PROPULSION Repeaters of cabin MAIN PRO-
PULSION panel switch position and
system instrumentation displays

34 PARAMETER Numerical readout of preselected

DISPLAY parameters in computer core
memory
35 ENVIRONMENTAL Repeaters of ECS instrumentation
CONTROL and control switch positions

36 ENGINE THRUST Repeaters of thrust control switches
CONTROL Commander's thrust indicators

37 REACTION CONTROI,

Repeaters of RCS switch position and
flags, as well as RCS instrumentation
displays
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Instructor Console Panels (cont)

Figure 1-4
Index No.

Panel

Function

38

39

40

41

42

43

44

45

46

417

48

49

51

52

CDR TRANSL CON-
TROLLER

TRUE INST READING

Spare

RADAR

STABILIZATION
CONTROL

HEATER CONTROL

SE TRANSL CON-
TROLLER

TRUE INST READING

Spare

MALFUNCTION
DISPLAY UNIT

MALFUNCTION
INSERTION UNIT

PARAMETER CON-
TROL

CAUTION

Spare

AUDIO

Position display lights that indicate
when Commander's hand controller
has been displaced from neutral in
any one of three axis

Alternate-action switch that com-
mands nonmalfunctioned (correct)
readings at all instrument displays
on left half of instructor console

Repeaters of radar control switch
positions, displays of the radar
component caution light, and signal
strength meter

Repeaters of switch positions on
LM stabilization control panel

Repeaters of heater system control
switches and related temperature
indicator

Position display lights that indicate
when Systems Engineer's hand con-
troller has been displayed from
neutral in any one of three axis

Alternate-action switch that com-
mands nonmalfunctioned (correct)
readings at all instrument displays
on right half of instructor console

Numerical readouts display as many
as 15 malfunction codes. Overflow
display indicates that more than 15
malfunctions are active or pending.
(maximum overflow display is 11.)

Multiplexed control group that per-
mits selection of manually initiated
malfunction routines

Selects display of as many as 12
preprogrammed parameter readouts

Repeaters of CAUTION annunciator
panel and Systems Engineer's
MASTER ALARM light

Repeater indicators of switch positions
selected at Systems Engineer's AUDIO
panel

N
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Table 1-4. Instructor Console Panels (cont)

Figure 1-4
Index No. Panel Function
53 ENGINE THRUST Repeaters of Systems Engineer's thrust
control switches and lunar contact
annunciator
54 ELECTRICAL POWER Repeaters of ECS flags. Instrument
CONTROL readouts, switch settings, and com-
ponent caution indicators
55 FLIGHT CONTROL Repeaters of Systems Engineer's
flight control instruments and re-
lated switch positions
56 SYSTEM ENGINEER Switch-light fixtures for all of Systems
CIRCUIT BREAKER Engineer's side panel circuit breakers.
STATUS CONTROL Illuminated switches fail any individual
breaker and show status of all
breakers
57 EVENT TIMER Resettable electric timer for
instructor's convenience
58 COMM INTERFERENCE Controls to introduce variable amounts
of noise and voice distortion in voice
communication channels
59 RECORDERS Instructor's control switches for the
two X-T recorders, one event re-
corder, two X-Y plotters, and voice
recorder
60 CCS keyset Provides simulator audio selection
(position 519) and call alert (visual and aural)
61 EVDE VIDEO SELECT Selects astronaut's visual displays for
viewing on right console TV monitor
62 RIGHT LAMP TEST Illuminates all panel display lights in
any of three zones on right half of
instructor console
63 COMMUNICATIONS Repeaters of switch positions and of
tape warning flag on Systems Engineer's
COMMUNICATIONS side console panel.
64 Spare
65 COMMUNICATIONS Repeaters of LM antenna panel indicators
ANTENNAS and of panel switch settings. Two
meters also indicate the control positions
for antenna directing knobs
66 LIGHTING Repeaters of switch positions selected
at Systems Engineer's LIGHTING
panel
67 ECS VALVE POSITION

INDICATORS

Lighted annunciators display manually
controlled valve positions of ECS.
Cabin and suit temperature control
settings are displayed
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Table 1-4. Instructor Console Panels (cont)

Figure 1-4
Index No.

Panel

Function

68

69

70
71

72

73

Spare

CSM CONTROL

Spare
Spare

DEDA

TRUE TRAINEE
ENVIRONMENT

CONSOLE LIGHTING

Communications
control

Hand controller

Digital and pushbutton switches to
maneuver and control simulated CSM
appearing in LMS training mission
(when session does not require
simulation integration with AMS)

Fully operational repeater of LM
DEDA panel; instructor may set in,
or read out, guidance data just as
astronauts do

Switches, regulators, and indicators
with which Suit Technician monitors
and controls astronaut's suit pres-
sure and temperature, as well as
cabin temperature

Floodlighting and indicator lighting
controls (right portion of console)

Permits instructors to tie into con-
sole communication system

Permits instructor to control attitude
of CSM model during rendezvous and
docking
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Figure 1-7. Telemetry and Simulated Real-World Subsystem, Block Diagram
e Accepts fault insertions into control modes, such as level change, fixed level substitution, drift
rate superposition, channel loss, and inhibit word
e Displays bilevel parameters on indicator lights
e Transmits data to MCC with frame and word rate identical with that of the LM
e Selects and displays digital and/or analog values

e Controls and displays all required normal and fault-inserted telemetry data (except LGC)

e Monitors MCC tie-in controls

e Indicates problem time.

k' The location of the telemetry console control and display panels is shown in figure 1-9. The panels are

identified, and their functions given, in table 1-5. The individual controls and indicators are described in
paragraph 1.10.
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Figure 1-8. Telemetry Signals and Measurements, Flow Diagram
Table 1-5. Telemetry Console Panels
Figure 1-9.
Index No. Panel Function
1 Spare
2 Spare
3 Spare
4 TIME DISPLAYS Shows same time readouts as displayed on instruc-
tor console
5 TRANSMISSION STATUS Selects type of biomedical data, and displays status
of telemetry and biomedical transmission mode
6 Spare
T MALFUNCTION Shows same numerical readouts of malfunction
DISPLAY UNIT codes as displayed on instructor console
8 Spare
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Table 1-5. Telemetry Console Panels (cont)

Figure 1-9.
Index No. Panel Function
9 BI-LEVEL GROUP & Has eight sets of controls to permit simultaneous
DIGITAL WORD simulation of onboard equipment malfunctions (64
MALFUNCTION bilevel groups or 8 digital words) to be transmitted
to MCC
10 ANALOG CHANNEL Has eight sets of controls to permit simultaneous
MALFUNCTION simulation of onboard equipment malfunctions
(eight analog data functions) to be transmitted to
MCC
11 ANALOG CHANNEL Has eight display and control sets to permit
MONITOR simultaneous monitoring of status of eight analog
data functions being transmitted to MCC
12 BI-LEVEL GROUP & Has eight display and control sets to permit
DIGITAL WORD simultaneous monitoring of status of eight bilevel
MONITOR groups or digital word functions being transmitted
to MCC
13 LAMP TEST Tests all indicator lamps on telemetry console
14 Console communication Provides simulator audio selection and call alert
system (CCS Keyset) (visual and aural)
(position 521)
15 Spare
16 EMERGENCY Turns off power to entire LMS, except 115-volt a-c
utility power
17 Spare
18 CONSOLE LIGHTING Adjusts intensity of all indicator lamps and
fluorescent flood lamps on telemetry console
19 Communications control 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 malfunctions and output monitor data,

through digital conversion equipment (DCE).

The five input/output devices used for these functions are as

follows:
e Input: Digital word input (DWI) equipment |
Analog-to-digital (A/D) converter
e Output: Digital bit output (DBO) equipment

Digital word output relay (DWOR) equipment
Digital-to-analog converter,

1.5.2.1.1 Digital Word Input.

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

e Bit 1 - This bit is not used.

e 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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VENO LA WN =

SPARE
SPARE
SPARE
TIME DISPLAYS PANEL

. TRANSMISSION STATUS PANEL

SPARE

. MALFUNCTION DISPLAY UNIT PANEL

SPARE

. BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION PANEL

ANALOG CHANNEL MALFUNCTION PANEL

. ANALOG CHANNEL MONITOR PANEL
. BI-LEVEL GROUP & DIGITAL WORD MONITOR PANEL

LAMP TEST PANEL

. CONSOLE COMMUNICATION SYSTEM PANEL

SPARE
EMERGENCY PANEL

. SPARE
. CONSOLE LIGHTING PANFI

COMMUNICATIONS CONTROL PANEL

Figure 1-9. Telemetry Console
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Bit 3 - This bit connects to three diodes, each of which connects to a different drift rate contact
of the eight FAULT MODE switches on the ANALOG CHANNEL MALFUNCTION panel. ‘

Bit 4 - This bit connects to eight DRIFT RATE V/SEC X. 001 contacts of the eight FAULT MODE

switches in parallel on the ANALOG CHANNEL MALFUNCTION panel, and to the most significant
bit (MSB) (22) contact of the eight BIT digiswitches in parallel on the BI-LEVEL GROUP & DIGITAL
WORD MALFUNCTION panel.

Bit 5 - This bit connects to eight DRIFT RATE V/SEC X. 01 contacts of the eight FAULT M?DE
switches in parallel on the ANALOG CHANNEL MALFUNCTION panel, and to the center (2%) con-
tact of eight BIT digiswitches in parallel on the BI-LEVEL GROUP & DIGITAL WORD MAL-
FUNCTION panel.

Bit 6 - This bit connects to eight DRIFT RATE V/SEC X.1 contacts of the eight FAULT MODE
switches in parallel on the ANALOG CHANNEL MALFUNCTION panel, and to the LSB (2°) contact
of the eight BIT digiswitches in parallel on the BI-LEVEL GROUP & DIGITAL WORD MALFUNC-
TION panel.

Bit 7 - This bit connects to eight OFFSET contacts of the eight FAULT MODE switches in parallel
on the ANALOG CHANNEL MALFUNCTION panel, and to the eight GROUP/BIT 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 corresponding contacts on the 32 GROUP digiswitches
in parallel 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 telemetry console control groups from left to right, starting with
the BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION MONITOR panel, followed by the Bl-
LEVEL GROUP & DIGITAL WORD MALFUNCTION panel, and, lastly, the ANALOG CHANNEL
MALFUNCTION panel.

1.5.2.1.2 Analog-to-Digital (A/D) Converter.

The eight A/D converters are connected to the eight RATE LEVEL potentiometers on the ANALOG CHAN-
NEL MALFUNCTION panel; the digital portions of the A/D converters are associated with the 13 most signifi-
cant bits of their respective computer words.

1.5.2.1.3 Digital Bit Output (DBO).

The 48 DBO's are connected to 48 switches, as listed below; their relay contacts are associated with the
LSB of the computer words.

e Sixteen DBO's are connected to 16 DISPLAY switches on the bilevel group and digital word and

and analog channel monitor panels.

Sixteen DBO's are connected to 16 FAULT switches on the bilevel group and digital word and ana-
log channel monitor panels.

Sixteen DBO's are connected to 16 ENTER and 16 CLEAR switches on the bilevel group and digital
word and analog channel malfunction panels.
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‘ 1.5.2.1.4 Digital Word Output Relay (DWOR).

Eight DWOR's consisting of eight relay contacts are connected to eight digital readout data strips consisting
of eight lamps each. The eight DWOR relay contacts arc associated with the eight most significant bits of their
respective computer word.

1.5.2.1.5 Digital-to-Analog (D/A) Converter.

The eight D/A converters are connected to the eight voltmeters on the ANALOG CHANNEL MONITOR
panel; the digital portions of these D/A converters are associated with the 13 most significant bits of their
respective computer words.

1.5.2.2 General Program Requirements.

For the telemetry console to operate properly, a number of program requirements must be met. These
are as follows:

1-36

Checks are made for improper control group identification number; that is, 0 or greater than 32.

Checks are made for improper channel number dialed up; that is, 0, greater than 317, or less
than 187.

Checks are made for improper group number dialed up; that is, 0 or greater than 186.

A DWI insertion of a 24-bit word containing all zeros indicates no information is being inserted
from the telemetry console.

A DWI insertion of a 24-bit word with bits 10 through 18 (channel or group number) zero indicate:s
that the previous malfunction or monitor control data is cleared and the CLEAR switch light is
illuminated in the case of a BI-LEVEL GROUP & DIGITAL WORD MALFUNCTION panel or
ANALOG CHANNEL MALFUNCTION panel insertion, or the DISPLAY switch light is extinguished
in the case of a BI-LEVEL GROUP & DIGITAL WORD MONITOR panel or ANALOG CHANNEL
MONITOR panel insertion.

A DWI insertion of a 24-bit word with bits 19 through 24 (control group identification number) zero
or greater than 32, or with bits 10 through 18 (channel or group number) greater than 317 or 186,
respectively, suggests an error of some Xkind.

A check is made indicating whether the malfunction previously entered on a certain control group
was cleared before another malfunction is entered. This check prevents entering a new malfunc-
tion if it indicated that the control group has not been cleared.

Although the BIT thumbwheel switch reads 1 through 8, it actually inserts an octal number 0
through 7, respectively, in binary form to the computer.

Although BIT is stamped over the right thumbwheel switch only, the GROUP as well as the BIT
thumbwheels must be dialed in order to malfunction a specific bit.

FAULT MODE - CHAN LOSS means replacing data with all zeros.

FAULT MODE - FIXED means replacing data scaled 5 volts equal to 254 x 2-8 by another word,
scaled 5 volts equal to all 1's, whose value is determined by the RATE/LEVEL pot. The replac-
ing word will not be negative or greater than +5 volts. This necessitates a check for negative.

FAULT MODE - OFFSET means modifying data scaled 5 volts equal to 254 x 2-8 by another word,
scaled 5 volts equal to all 1's, whose value is determined by the RATE/LEVEL pot. The modify-

ing word will not be greater than +5 volts. Also, the result shall not be negative or greater than

+9 volts.

FAULT MODE - DRIFT RATE means modifying data scaled 5 volts equal to 254 x 2-8 by a rate
(fixed change per iteration) scaled 5 volts equal to all 1's, whose value (or fixed change) is
determined by the RATE/LEVEL pot. The modifying word will not be greater than +5 volts. Also,
the result will not go negative or greater than 5 volts.

The multiplication factor of 0.1, 0.01, or 0.001 of the FAULT MODE - DRIFT RATE positions is
accomplished in the software before modification of the data.

o’
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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 rescaling is necessary.

Because the RATE/LEVEL pot output is inserted into the computer directly by means of

an A/D converter, it is not affected by the ENTER 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 received).

Although the voltmeter is connected to the computer by means of a D/A converter (which converts
to +10 volts), other equipment used in conjunction with the voltmeter makes the D/A converter
appear as if it converts to +5 volts. Therefore, the computer data, already scaled 5 volts equal
to all 1's, is rescaled.

The FAULT (PRESS FOR TRUE) switch light (when 1it), will be extinguished by the computer, and
will stay extinguished for the period during which the switch light is pressed. It will go on when

it is no longer pressed. Nothing will occur 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 subsystem 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 stored directly by the subsystem into the common core
in a prescribed position.

The data associated with the 24-bit AGS and 40-bit LGC digital word are packed in the telemetry
program before they are stored into the common core in a prescribed 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 variables) are packed in bit locations 2 through 9.

A check is made to determine whether a channel, an entire group, or only a single bit is mal-
functioned on a different control group, when malfunctioning a particular control group. When
this occurs, the latter will prevail. The malfunction and control data of the former control group
is cleared and its accompanying ENTER and CLEAR switch lights go off and go on, respectively.

The data information in bit locations 2 through 9 of the DWTI are discreted, stating conditions of
the telemetry console insertions to the computer. They are to be checked accordingly, depending
on which mode of operation the Telemetry Instructor has chosen.

All AGS data (discretes and variables) are packed in bit locations 2 through 9.
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1.5.2.3 Computer Program Requirements.

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:

BitNo. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
- . J J

A\

o~ NS
Channel or group Switch identification
identification number number
—{
O v
O O v
o O O a 0
&= oM x 8 0
5 w0 0 @ o ¢ S
S @ 8 8 8 PO~
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S H H 349 @ I
A TR VR T S X =
oA A AA A O

The switch identification number in bit locations 19 through 24 may be any number from 0 to 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 teleni-
etry console hardware malfunction. The channel/group identification number in bit locations 10 through 18
may be any number from 0 to 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, telemetry 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 following 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:

Bit No. 2 4,5, 6 7 8
Enter/Clear Bit No. Group/ Bit 1/0
State 1 Clear Bit number in Group/ Bit 1

binary notation

State 0 Enter Group/ Bit 0

Bit locations 10 through 18 identify channel or group number;
bit locations 19 through 24 identify switch number. The bit
identification number in bit locations 4 through 6 may be any
number between 0 and 7, inclusive, expressed in binary
notation, indicating bit 1 through 8 dialed up, respectively.
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.2.3.3 Digital Word Input (Analog Malfunction).

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

Bit No. 2 3 4 b 6 7 8 9
Enter/ Drift Drift Drift Drift Offset Fixed Channel loss
Clear rate rate rate rate

x 0.001 x 0.01 x 0.1

State 1 Clear Drift Drift Drift Drift Offset Fixed Channel loss
rate rate rate rate
x 0.001 x 0.01 x 0.1

State 0 Enter Drift Drift Drift Drift Offset Fixed Channel loss
rate rate rate rate
x 0.001 x 0.01 x 0.1

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.

.2.3.4 Digital Word Input (Bilevel Group and Digital Word Monitor).

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

Bit No. 2 10 through 18 19 through 24

Display/ Fault Channel or group identification number Switch identification number

State 1 Fault

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. 2 10 through 18 19 through 24
Display/ Fault Channel or group identification number Switch identification number
State 1 Fault
State 0 Display

.5.2.3.6 Analog-to-Digital (A/D) Converter.

The A/D converter inserts a 13-bit word into the computer. The data information is inserted into bits 1

through 13; bit 1 is the sign bit. The 13-bit word will equal +5 volts where all 1's equal 5 volts and all 0's
{ . equal zero volts. Mathematically, this may be expressed as 2-9x 5x2-3 x 4,096/5.
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.‘. 5.2.3.7 Digital Bit Output (DBO).

The DBO looks at the least significant bit (bit 24) of the 24-bit computer work for a 1 or a 0 and, then, con-
verts it to one of two relay contact positions.

1.5.2.3.8 Digital Word Output Relay (DWOR).

The DWOR looks at the 8 most significant bits (bits 2 through 9) of the 24-bit computer word (for the state

of each) and, then, converts each of them to one of two relay contact positions.

1.5.2.3.9 Digital-to-Analog (D/A) Converter.

The D/A converter looks at the 13 most significant bits (bits 1 through 13) of the 24-bit computer word; bit
1 is the sign bit. The 13-bit word will equal +5 volts where all 1's equal 5 volts and all 0's equal zero volts.
The 13-bit word from the computer will never be negative. Mathematically, this may be cxpressed as
2-9 x 5 x 2-3 x 4,096/5.

1.5.3 DATA ACQUISITION SUBSYSTEM.

The data acquisition subsystem (DAS) consists of magnetic tape units, X-Y plotters, X-T recorders, an
event recorder, and a dual-head audio tape recorder. These devices accurately record data related to the
performance of the LMS, for evaluation of training missions. The devices can operate continuously for the

duration of any training session.

1.5.3.1 Magnetic Tape Units. (See figure 1-10.)

The LMS computer complex contains two dual magnetic tape units (MTU's ) with integrated word transfer
capability and computer interface electronics. The MTU's are 75-inch-per-second units; each can be controlled
by either computer via its direct memory access unit, through the magnetic tape time multiplex unit. The
MTU's are controlled with an "output control pulse' (OCP) instruction and monitored by a ''skip if sense line not
set'" (SKS) instruction. Either computer can use either MTU; both computers can access separate MTU's at the
same time. The magnetic tape is a high-speed storage medium for recording and retaining data. Information

s read (detected) or written (stored) by passing the oxide side of the tape over read/write heads. Information
may be written on any one of seven independent tracks on the tape. During a write operation, seven recording
heads are placed vertically across the tape; seven bits may be recorded simultaneously, one bit on each track.
A seven-track nonreturn-to-zero recording scheme is used. In this system, magnetic particles on the tape are
aligned in the positive or negative direction. A binary 1 is recorded by reversing the polarity; no polarity re-
versal results in a 0. Thus, each track of the tape is fully magnetized and the polarity is reversed as each bit
is recorded. A line (or frame) of tape data consists of a six-bit character and a parity (check) bit. Tracks
No. 0 through 5 specify the character; track No. 6 holds the parity bit.

Data are recorded in one of two formats: binary or binary-coded decimal (BCD). Tape is binary if data
are recorded just as they are represented in core storage. In BCD format, digits, characters, and special
symbols are represented in core storage by six-bit binary numbers. The formats also differ in the selection
of parity bits. The parity bit in binary format is chosen so that the total number of bits in any line must be odd.
In BCD format, the total number of bits must be even. The format is selected by the control unit, which also
designates the correct parity bit that accompanies each character.

Data recorded on the tape are arranged in groups called records and files. A minimum of one line of in-
formation constitutes a record. Adjacent records are separated by a 3/4-inch unrecorded area (record gap).
A longitudinal parity bit is recorded in coded format, at the end of each record; the number of 1's in each
record track is made even. A file consists of groups of records. Adjacent files are separated by recording
an end-of-file mark after the last record in the file. The end-of-file mark consists of an octal 17 (BCD) and its
check character (also an octal 17).

During a read or write operation, tape is moved from the supply reel, past the read/write heads, to the
tukeup reel. Tape motion is provided by two fluted capstans that rotate continuously in opposite directions.
Tape is drawn against the drive capstan by vacuum and floated over the nondriving capstan by air pressure. If
the tape is moving from the supply reel to the takeup reel (forward motion), the left capstan drives the tape. If
tape motion is in the opposite (reverse) direction, the right capstan provides the drive. Tape motion is quickly
and smoothly stopped by means of a pneumatic brake port, using vacuum. Because pressure is applied to
both capstans during this period, neither capstan contacts (drives) the tape.

‘ The head assembly consists of individual read and write heads, an erase head, tape cleaners, and a
pneumatic pad. Each of the seven read/write heads used in the tape transport has two magnet gaps. One gap

is used for writing; the other, for reading. The gaps are arranged so that, during a write operation, the tape

first passes under the write gap to record the data;then under the read gap to check the writing. This allows each
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Figure 1-10. Magnetic Tape Unit, Control Panel

line of information to be examined and verified immediately after it is written on the tape. Thus, if any dis-
crepancy occurs during the write operation, it is immediately detected at the read head. The broadband erase
head, energized during write operations only, removes all information previously recorded on the tape. New
information is, therefore, recorded on electronically "clean' tape at all times during a write operation.

The two tape cleaners, one on either side of heads, pnecumatically remove foreign particles from the tape
surface during a read or write operation. A pneumatic pad maintains precise contact pressure between the
tape and head gaps. The contact pressure is provided by air pressure, which minimizes head and tape wear
by blowing the tape against the heads.

The transport can accelerate tape to high speed within 2. 7540, 5 milliseconds. Tape motion is completely

stopped within 2.25:0. 50 milliseconds. The transport uses a vacuum loops to minimize the tape mass that
must be accelerated during the 2.75-millisecond period. These loops separate the heavy tape reels 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
‘m 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 rcel 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 inthe 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 A

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

1.5.3.2 X-Y Plotters. (See figure 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 readily accessible for adjustment and observation. The plotters are mounted in standard

vertical racks, with vertical plotting surfaces and dual pens for versatility. The plotting surface is 11 by 17
inches.

The plot.tex.'s use a null-balance technique to record one variable voltage as a function of a second variable
v.oltage. This is accomplished by applying one voltage (designated X) to a servo system that controls the posi-
tion of the arm in the horizontal direction (abscissa). The second voltage (designated Y) is applied to another

grvo system that controls the motion of the recording pen along the arm (ordinate). The combined action of
se 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.
durves are plotted on standard paper held on the plotting surface by a vacuum blower system. A standby cir-
uit, which moves the pen and arm clear of the plotting surface, provides access to the surface to change paper,
compare 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 E1 (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 required position of the pen with respect
to the Y=0 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 respect to the Y=0 point.

The E1 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 difference in potential
between the two voltages produces an error signal E3. This error signal essentially indicates the direction 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 relationship between E1 and E2. This polarity determines 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 signal determines 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 to position the wiper on the pen mandrel. This changes the magnitude of E2 so that it approaches that
of E1 (after scaling). As E2 approaches E1, the error signal becomes smaller until E1 and E2 are equal and
E3 becomes zero. At this point the servo reaches a null condition and stops.

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 standby voltages are removed from the
servo and the external input signals are connected. In either of these two positions, the pen and arm follow the
input signal variations.

1.5.3.2.4 Arm Lock System,

The plotter features an arm lock system that prevents the arm from moving when primary power is re-
moved from the instrument. With the arm locked in position, the plotter is less susceptible to damage during
transit and some maintenance. The lock mechanism is not a positive-action lock; it only prevents rotation of
the arm tape drive pulley. This feature permits the tape to slip if a large force is inadvertently applied to the
arm and thus tends to prevent loss of arm squareness, or damage due to accidentally hitting the arm. The
drive arm tape should not be purposely forced to slip; this will damage the drive pulley system.

1.5.3.2.5 Controls.

‘ The X-Y plotters controls (figure 1-11) are listed, with their function, in table 1-7.
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Table 1-7. X-Y Plotter Controls

Control Function

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

SCALE FACTOR Enables attenuation of variable scale for plotted parameter

control

VARIABLE-FIXED Provides selection of scale factor control to either manu-

switch ally variable or fixed

External INPUT plugs Provide input connection and either chassis or floating
ground

RANGE control 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.

PEN ARM switch

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

UP-OPER Lifts pen from plotting surface and moves carriage in
response to input signals. Arm moves in response to
input signals.

PEN INTCHG switch

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

NORMAL Disables pen-arm interchange function

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

VAC PWR switch

OFF-OFF Removes primary power from all plotter and vacuum
systems

OFF-ON Energizes plotter circuitry, but vacuum systems remain
off

ON-ON 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. Rectilinear pen motion produces records on rectangular coordinate charts graduated in 50 divisions.
The recorder pens use pressurized fluid. The oscillograph 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 recorder is
operated with the computers or a remote system. Four pushbuttons (RESET, HOLD, RUN, and MARK) provide
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contact closures that enable the operator to control computer reset (initial conditions), hold, or run modes of
operation from the recorder. They are momentary switches; though labeled for analog computer use, they may
be used for any remote control operations in which such switch closures are needed. The attenuator buttons
are in the center of the panel, with ninc attenuator positions for each channel expressed in volts per chart line.
Fight pen position controls are at the bottom of the panel. These controls permit each pen to be positioned any-
where within the channel, and permit either edge of the channcl, 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-
ke 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 dc. It also supplies the drive
amplifier frame with +24 and -24 volts dc 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 panel, and +150 and -150 volts to the vacuum tubes of the pen
drive amplifiers.
1.5.3.3.9 Main Connector Panel and Harness Assembly.

This panel is used to interconnect the oscillograph 20-kc power supply, filament regulator, drive amplifier
frame, and d-c supplies to the main power source through the master power switch. It also brings out to more
convenient terminals the internal connections from the oscillograph.

1.5.3.3.10 Amplifiers.

Four specially designed dual-channel amplifiers 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 recorder controls and displays (figure 1-12) are listed, with their function, in table 1-8.
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Table 1-8. X-T Recorder Panels, Controls and Displays

Control or Display

Function

Atte

nuation and Control Panel

EXTERNAL FUNCTIONS
pushbuttons

RESET
HOLD

RUN
MARK
Attenuator pushbuttons

(64)

PEN POSITION
controls (8)

PEN POSITION
locking knob

INPUT SELECTOR
pushbutton

ATTEN STEP IDENT
pushbutton

25 LINE CAL CHECK
pushbutton

OPERATE pushbutton

SENSITIVITY control

Locking knob

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

@

INTERLOCK WARNING
lamp

CONTROL MODE push-
buttons
PARTIAL REMOTE

FULL REMOTE

LOCAL

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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Table 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:
e Dual tape deck recorder system permits unlimited recording of sound present.d to the LMS cabin.
e Portable playback system permits playback of recordings obtained from the recorder.

e 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 ccnsole.

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 recorder 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 the 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 the Systems Engineer has been recorded. The record 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 set to MANUAL to load tape reels. When the reels are loaded and
threaded, the selector switches are set to AUTOMATIC to permit the instructor to control operation. Upon
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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 reel, 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.

1.5.3.4.1 Portable Playback System.

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

The setting of the 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,
Qxe tape stops; in the automatic mode, the system is automatically placed into rewind and stopped when the tape

has been fully rewound. ~
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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 sét to
MANUAL, the tape to be played is mounted and threaded, and the STOP, fast forward, and rewind 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.

1.5.83.4.3 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 Function
TRACK 1 MONITOR
LISTEN jack Permits monitoring of signal being
recorded, using earphones or
auxiliary amplifier
TRACK 1 MONITOR Indicates VU level of signal being
VU LEVEL indicator recorded on track No. 1
LEVEL ADJUST x Permits adjustment of VU level
control recorded signal on track No. 1
OFF/MANUAL/AUTOMATIC Enables operator to select manual or
selector switch automatic recording and turn off
STOP pushbutton Stops takeup and supply reels when
pressed
PLAY pushbutton Places recorder in playback mode
Fast forward pushbutton Places recorder reel mechanism in
(arrow pointing to right) fast forward mode
Rewind pushbutton Places recorder reel mechanism in
(arrow pointing to left) rewind mode

Controls and displays for track No. 2 are similar to those
for track No. 1.

1-51




LMAT90-2-LMS

1.5.3.5 Event Recorder.

‘ A 20-channel event recorder is used in the LMS. It is a compact, precision measuring instrument that e
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-1 speed change.
The output shaft of the gear head powers the chart drive transmission. Because the chart transport 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 roller has a number of formed pins at cach
end, which engage marginal perforations in the paper and fced the chart under the writing element smoothly and
at a constant rate. A time-set knob for manually advancing the chart paper is provided on the right end of the
drive roller. An overrun clutch in the reroll assembly maintains proper tension 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 sections:
e Trajectory link
‘ e Telemetry link -
e Communication links
e Timing links
e 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 memory (5-microsecond cycle time) to facilitate
synchronization of the data interchange. The 24-bit word length of the LMS data is converted from parallel to
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 per second.

1.5.4.2 Telemetry Link.

To provide mission training for range support personnel, the LMS is equipped to supply telemetry data in
the same quantity and quality that would be transmitted during a normal flight. Thesc data are relayed to MCC
for distribution among the various support groups. A pulsc-code-modulation (PCM) buffer is required to handle
the data transfer. This assembly includes core memory, logic and timing circuits, and parallel-to-serial data
conversion equipment. These telemetry ties carry 255 parametric channels from the LMS to MCC. Each data
word is expressed as cight binary bits. The data synchronization and format controls, within the buffer assem-
bly, provide for two rates of transfer: 1,600 or 51,200 bits per second. These are the normal S-band and
backup VHF data transfer rates used in the LM subsystems.

1.5.4.3 Communication Links.

Sixteen independent audio loops are available with the LLMS interface. They provide simulated radio com-
munication channels, as well as several modes of intercommunication necessary for the functioning of the
ground training missions. In this latter category are intercom loops among the instructors, as well as those
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with the maintenance personnel and support staff. Particularly important among these audio connections are
the interface ties between the LMS, the AMS, and MCC. These integrate the two simulator complexes and
provide essential voice communications training for MCC and downrange personnel. The subordinate utility
loops (for example, the faculty intercom) 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 independent operation, the central timing equipment
(CTE) of the LMS provides the functions performed by the LM pulse-code-modulation and timing equipment

(PCMTE). In integrated operation, synchronization is essential for the transfer of data, much of which is in
serial form.

The basic timing standard to which all signals of the CTE are synchronized is timing signals transmitted
from the National Bureau of Standards, Washington, D.C. (station WWV). The timing equipment provides four
basic output signals in the form of -6-volt pulses, as follows:

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

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

e A 1-kc square-wave pulse train that serves as a timing signal input to the computer complex
e 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 electrocardiograph (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 transfer of this biomedical data over the
simulated S-band. They also control the channel 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 aural cue equipment, discussed in paragraphs 1.6.1 through 1.6. 4.

1.6.1 LUNAR LANDMASS SIMULATOR.

The lunar landmass simulator (LLS) simulates lunar terrain characteristics beneath the LM; it is used to
familiarlize, train, and increase the proficiency of, the flight crew in performing the lunar landing phase of the
LM mission. Basically, the LLS operates in conjunction with the simulated landing radar in the LMS computers
to generate a drive signal for the altitude range indicator located in the LMS cabin. The LLS is a special-
purpose hybrid computer that operates on-line in a real-time mode. It accepts data and control signals from the
LMS computers and feeds back internally generated analog and logic signals to the LMS computers. The LLS
determines the elevation of the lunar terrain with respect to a lunar datum plane. Elevation is measured 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 given in table 1-10.

The LLS continuously solves equations involving motion, geometric relationships, 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 require extreme accuracy and are solved digitally by
the LMS computer; the frequency response of the signal is restricted to a few cycles per second to permit
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Figure 1-14. Basic Lunar Landmass Simulator Elevation Signal Geometry

digital computation. The lunar terrain elevation signal is computed within the LLS to provide for adequate
random access to data storage and for a high rate of solution by use of the LLS high-speed analog computer.
See figure 1-15 for a block diagram of the LLS.

The radar return signal is simulated by scanning factored transparencies that represent lunar landmass,
with a moving beam of light, and converting the light (after it passes through the transparencies) to electrical
signals. The transmitivity (ability to pass light) of a particular area of the transparency may be measured by
light to produce electrical signals that represent the coarse and {ine elevation 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 scanner (FSS). From the CRT, the flying spot is transmitted into an optical assembly, where it is
split into three beams: two beams are transmitted through the two transparencies and detected by coarse and
fine photomultiplier tubes to provide an altitude range indication; the third beam is applied to the monitor read-
out channel photomultiplier tube for use as a scan monitor light stabilization signal. (See figure 1-16.)
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Figure 1-15. Lunar Landmass Simulator, Block Diagram

The LLS contains the following functional components and assemblies:

Photographic image transparencies (factored transparencies) that contain lunar elevation/landmass
(terrain contour levels) in the form of grey-level image densities

A CRT that originates a light source

Optical equipment required to project the light beam onto the photographic image transparencies

Computation equipment and CRT beam-splitting/deflection optics that permit the light beam to be
positioned upon, and swept over, the image transparencies (The command signals from the LMS

computer complex that position, orient, and initiate the light beam sweep are proportional to the
attitude and translation of the LM-transmitted radar ranging beam.)

Photoelectric and video-processing equipment (elevation signal selector computer) that extracts and
processes the information stored on the image transparencies and provides an output signal pro-
portional to lunar terrain elevation at a point intercepted by the centroid of the radar ranging beam.

The LLS generates video signals that represent coarse and fine elevation radar returns in synchronism with
positioning and firing of the simulated LMS radar antenna. The LLS computer outputs represent terrain eleva-

tion at the first radar intersection point. A constant-diameter spot on the CRT represents the radar beam at all
simulated altitudes.
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Table 1-10. LLS Geometry, Symbols and Definitions

Symbol Definition
8] Angle between lunar radii
e Lunar terrain elevation above lunar datum-specifically,

along a lunar radius vector containing the LM radar
intercept point

h Absolute altitude of LM

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

o Angle between local vertical and effective radar boresight vector
P Angle of azimuth of radar boresight relative to LM reference
azimuth
H Height of LM above lunar datum surface
RB Radar slant range from LM to lunar terrain intercept ground
range from LM nadir point to lunar terrain intercept;
W = R, sin
B
U, v Coordinates of LM nadir position on lunar surface
R Lunar radius
m
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Figure 1-16. Flying Spot Scanner, Simplified Schematic Diagram
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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 cortidor
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 hover 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 (EVDE).

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 spot 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 elements 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:

e 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.

e 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.

e H (LM height above datum): Input from the LMS computer as 12 bits, always positive. This is
converted to analog data in LLS D/A converter.

e » (angle between local vertical and effective radar boresight): Input from the LMS computer as
14 bits in the form log tan » . This is converted to analog data in the LLS D/A converter.

e o (azimuth angle of radar boresight): Input from the LMS computer in the form of two sets of four-
wire analog resolver data, representing the sine and cosine of p . Each set also inputs sign and
reference data for quadrant resolution and phase comparison, respectively. Conversion to pot
shaft angle in the LLS is accomplished by the resolver shaft-positioning servo.

e Sync signal (one-bit output from LMS computer): Direct use, no conversion in the LLS

e Landing/corridor area commands (one-bit output from LMS computer): Direct use, no conversion
in the LLS
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Figure 1-17. Lunar Landmass Simulator, Controls and Displays
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Table 1-11. Lunar Landmass Simulator, Controls and Displays

Control or Display

Function

POWER CONTROL Panel

POWER SUPPLIES indicators
+30V, -30V, -24V, +100V,
-100v, +50Vv, -30V, -18V,
+12V, -6V, -20V, -250V,
+30KV, +2KV, -2KV

DC DISTRIBUTION indicators
+30V, -30V, +100V, -100V,
+50V, -30V, -18V, +2V, -6V

OPERATING 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 circuit
breakers

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 operation (landing area or
corridor 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 primary 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 conjunction with step-type selector
switches during alignment procedures

Provide stepped levels (1, 2, 3, 4, and 5) of photo-
multiplier gain; used in conjunction with COARSE and
FINE ELEVATION vernier controls during alignment
procedures
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‘ Table 1-11. Lunar Landmass Simulator, Controls and Displays (cont)

Control or Display Function

CRT Alignment Control Panel

U POSITION R1 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 FOCUS R7
STATIC FOCUS RS
SPARE R9
SPARE R10

® e, (lunar terrain elevation above lunar datum): LLS clevation data. Analog output directly to LMS
computer: one-bit outputs (DBO) on status and/or confidence of e output

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

e DBI to the LMS computer, indicating that the LLS has not determined a value for e 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:

e 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.

e V (latitude portion 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 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.

e H (LM height above datum): A 12-bit digital word, proportional to the distance between the lunar
datum and the LM center of gravity, measured along a lunar radius. This signal reflects the
unique lunar datum for each landing site and landing corridor. The scaling is as follows:

Digital word 00----- 0 (12 bits)
Altitude, H = 0 feet (corridors and landing sites)
Digital word 11----- 1 (12 bits)

Altitude, H = 2, 048 feet (landing site)
Altitude, H = 65, 536 feet (corridor).

e Log tan u (log tangent of effective radar boresight angle): A 14-bit digital word, proportional to
the log tangent of the angle between the centroid vector of the radar ranging signal and a lunar
radius passing through the center of the radar beam source. The scaling is as follows:

. Digital word 00----- 0 (14 bitS)
Log tan » = -4
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Figure 1-18. LLS-LMS Interface, Signal Diagram

Digital word 11----- 1 (14 bits)

Log tan » = +3.

e Sin (sinp ), cos (sinp ): Two 400-cycle resolver source signals (14-bit conversion), proportional
to the sine of the radar boresight azimuth angle. This azimuth angle is transformed into the
coordinates that define each corridor and landing site, depending on their orientation on the
factored transparency. A number of turns of the simulated source resolver represent the load
range of sin p between 0 and 1.

e Sin (cos e ), (cosp): Two 400-cycle resolver source signals (14-bit conversion) proportional to
i . the cosine of the radar boresight azimuth angle. This azimuth angle is transformed into the co-
& ordinates that define each corridor and landing site, depending on their orientation on the factored
transparency. A number of turns of the simulated source resolver represent the load range of
cos p between 0 and 1.
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e Digital bit outputs (DBO's): Two Boolean signals (contact closures) that define the quadrant of
‘ the radar boresight azimuth angle (p). The relationship between binary code and quadrant is
dependent upon the orientation of the factored transparency.

e Digital bit output (DBO): A Boolean signal that informs the LLS that a scale change is necessary
during transition from a landing corridor to a landing site

e Sweep synchronizing signal: A signal thal initiates the flying spot sweep from the nadir position,
subsequent to a computer update of the required position and orientation command signals.

1.6.1.2.2 Translational and Rotational Velocity.
The translational velocity of the simulated LM is as follows:
e 600 feet/second at the landing site scale
e 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:

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

-10 volts dc is equal to 0 feet above the lunar datum
. +10 volts dc is equal to 512 feet above the lunar datum landing site
+10 volts dc is equal to 8,128 feet above the lunar datum landing corridor.

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

e An A/D input signal, proportional to the sine of the radar boresight angle (p). This signal
permits synchronization of a multiturn servomechanism in the LLS. The servomechanism, upon

receiving the analog signal, produces a computer output command signal that is proportional to
sinp .

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

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

| NOTE

This signal does not affect the operational continuity of the
LLS. Upon determination of an elevation value, the contact
closure is negated.

1.6.1.3 Power Distribution.

Actuation of the main a-c¢ power switch feeds 110-volt, 60-cycle power to the LLS. The a-c voltage is
distributed to modular power supplies that energize control relays. The +20-, -24-, and +6-volt supplies are
'routed directly to distribution. The -24-volt supply is the relay logic supply: a relay opens the -24-volt line
if a power supply fails or it its output drops. This relay action terminates distribution of power to the computer
cards and deenergizes the high-voltage power supply network. After the relays are energized 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 distribution panel. The -2- and +2-kilovolt supplies each have an internal 30-second time delay.' When
these supplies attain their respective voltages and all relays 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:

e Accepts input command data in the form of parallel digital words and four-wire synchro signals
e Synchronizes system operation to the 50-millisecond data update rate of the LMS computer

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

e Generates sawtooth ramp and gate signals for use in analog computation and CRT sweep
e Provides for geometric aspect distortion

e Provides for dynamic focus correction

e Stabilizes CRT spot intensity

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

e Presents coarse and fine nonstandardized elevation signals to the elevation signal generator for
further processing

e Provides the elevation signal generator with positive and negative sweeps
e 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 factored transparency and reads 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 1-186. ;

The luminous spot on the face 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-
ing constant spot brightness through suitable circuitry.

1.6.1.4.1 CRT Deflection Drive.

Deflection drive signals are generated in two different ways. First, to simulate the LM position directly
above the lunar surface, the digital inputs (U and V) are received and converted into scaled analog voltages in
the 14-bit D/A converter. A logic signal for sign accompanies each digital signal to invert the output of the
D/A converter, if required. After modification in the geometric aspect distortion corrector, the signals (U
and V) are directly applied to the deflection drivers in rectilinear coordinates. The second type of drive signal
is derived from translation of the ramp (W) through angle p , into rectilinear-coordinate drive signals U and V.
The sweep resolver servo is used to resolve the ramp through multiplication of the ramp by sin » and cos »
values. The deflection signals (U and V), after modification by the geometric aspect distortion corrector, are
summed with the other deflection drive signals (U and V) in the deflection drive circuits.

1.6.1.5 Lunar Landmass Simulator Computer.

The LLS computer contains the solid-state electronics used to generate control and logic signals for the
LLS and to process the FSS terrain elevation signals stored in two images on the factored transparency. The
LLS signal processing multiplexes and standardizes the coarse and fine terrain elevation information; it also
performs trigonometric computations to generate the proper composite lunar terrain elevation signal at the
point of intercept of the landing radar beam with the lunar surface. The computer is subdivided into two major
functional assemblies: the elevation-signal generator and the elevation signal selector computer.
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. 1.6.1.5.1 Elevation Signal Generator.

The elevation signal generator (ESG) consists of voltage discriminators and logic circuits that multiplex,
standardize, and generate a composite terrain elevation signal. The ESG performs the following functions:

e Provides unambiguous discrimination of one of nine coarse levels and one of the nine fine levels
presented as the output of the FSS

e Provides the complement of the detected even fine levels before adding the proper value of fine
data to coarse data

e Standardizes coarse and fine signal levels before multiplexing

e Sums coarse and fine terrain elevation signals to form a composite linear terrain elevation signal.
1.6.1.5.2 Elevation Signal Selector Computer.

The elevation signal selector computer translates and processes the FSS data for use as signal inputs to
the altitude range indicator in the LMS cabin. Basically, the elevation signal selector computer performs the
following functions:

e Generates standardized elevation data from the FSS and corrects for lunar curvature effects

e Computes the proper elevation signal, based upon elevation angle comparison techniques

e Samples and filters elevation data for continuous presentation to the LMS altitude range indicator
e Processes the required LMS computer input data for internal use and computation.

‘ Analog signals that correspond to variations in lunar terrain elevation are received from the FSS photo-
multiplier tubes and processed by the ESG, where a standardized terrain elevation signal is generated. The
value of the terrain elevation signal is further processed and corrected in the lunar curvature effects generator
because the spherical lunar datum surface cannot be directly simulated on the factored transparency. The
corrected value of the terrain elevation signal is then sent to the angle comparison computer and the sample and
hold circuit. The sample and hold circuit holds the value of the terrain elevation signal, as determined by the
angle comparison computer, until the next sync or updating command pulse is received from the LMS computer.
Thus, a steady sequence of lunar terrain elevation output signals is supplied.

The angle comparison computer receives values of height of the LM above the lunar datum surface and log
tan from the LMS computer (updated at the 42-millisecond sync rate) and all values of the terrain elevation
signal generated by the FSS. When the internally generated angle equals the angle received from the LMS com-
puter, the value of the terrain elevation signal being swept at that time is sampled and held as output data.

1.6.1.5.3 Lunar Curvature Effects Generator.

As the ground range increases from the local vertical, the effects of the spherical lunar datum must be
taken into account. Figure 1-19 depicts the geometry of lunar curvature effects. The lunar curvature effects
generator receives swept elevation data from the elevation signal generator and a ramp (W), corresponding to
ground range from the FSS ramp generator. Increments proportional to the ground range are subtracted from
the swept elevation data to compensate for the spherical lunar datum surface.

1.6.1.5.4 Ramp and Gate Generation,

Basic to the operation of the FSS and the elevation signal selector computer are synchronization of circuit
functions and generation of a sweep ramp (W) for use throughout the L1.S. Operation of the LLS is performed
at 42 milliscconds/scan. Generation of the + ramp (+W) and a flyback gate in the synchronizer and gate
generator is synchronized to the LMS computer sample-data rate of 50 milliseconds. This synchronization is

. accomplished through use of the syne signal, received from the LMS computer, which starts generation of the
ramp.
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1.6.1.6 Faclored Transparency.

The requirements for landmass simulation are imposed on the LLS from a knowledge of the LM mission
profile and the LM landing radar operating characteristics. Two landmass 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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Analog data storage in the form of a factored transparency provides the necessary landmass storage.

his type of factored transparency system is necessitated by real-time computing requirements and the need
for random access to any part of the landmass data. Lunar terrain is simulated by storing the features of the Seur
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 display equipment (EVDE) consists of four viewing subsystems: left window, right
window, overhead window, and telescope. Each viewing subsystem comprises a visual display section with
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
transmit them to the visual display section. There are seven image-generating sections (figure 1-21) as
follows:

e Three window star displays
e Telescope star display

e Rendezvous and docking

e Landing and ascent

e Mission effects projector.

The EVDE 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 displays. The interface junction section provides

‘the electrical interface between the LMS computer and EVDE.

The EVDE presents a realistic simulation of views expected to be seen by the flight crew astronauts through e
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:

o Realistic visual presentation of external environment during all flight phases
e Simulation of attitude orientation of Reaction Control Subsystem

e CSM acquisition for tracking, rendezvous, docking, and {lyby

e Lunar landing, including abort

e Lunar launch.

The external views through the LM windows and telescope are simulated by display of virtual images of the
stars, earth, moon, and the CSM. The image pattern, shape proportionate size, outline, and detail depend on
viewing range, orientation of object with respect to LM angular displacement, and visual perspective as com-
manded by the computer complex. Scenes are superimposed over a star background without noticeable blurring,
distortion, or bleed-through. Scenes are shifted without noticeable jitter. Shifts in scale are minimized: they
do not detract from training value.

The following exterior portions of the LM that are within the field of view are visible as masks:

e Reaction Control Subsystem jets
e Portion of the forward hatch
' e Front landing gear leg and pad.

These items are displayed as they would be seen from the viewing position. During the ascent phase, the

front landing gear leg mask is removed upon receipt of a signal from the computer. Relative velocity, accel-

eration, and positioning of the objects being viewed by the flight crew are obtained by the response of the image
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External Visual Display Equipment, Block Diagram
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rojector (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 lighF)
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.

.generators to reciprocal computer commands. Views of the lunar surface, generated by the mission effects

The following occultations are provided upon command from the LMS computer:
e Of the stars behind the moon (by occulter)
e Of the earth behind the moon (by occulter)
e Of the CSM behind the moon (computer control)
e Of the moon behind the CSM (by video insertion)

e Of the lunar surface by the LM shadow (by video insertion of CSM docking end view).

Table 1-12. EVDE Major Components

Designation Nomenclature
Al Left window display
A4 Left window display, electronics rack
‘ A5 Mission effects projector (MEP)
A5A1 MEP controls assembly
A5A2 MEP probe
Al0 Rendezvous and docking image generator
A10A5 Rendezvous and docking model controls assembly
A10A6 Rendezvous and docking model and probe electronics
rack
Al3 Landing and ascent image generator
A16 Telescope display
A20 Telescope display, electronics rack
A23 Overhead window display, electronics rack
A26 Closed-circuit TV, control rack
A29 Right window display, electronics rack
A32 Right window display
A33 Signal distribution, 1JS
A38 Overhead window display
. A40 Power distribution rack, IJS

N
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Figure 1-21. External Visual Display Equipment, Functional Schematic
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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:
e Lunar orbit
e Descent
Coasting descent transfer orbit
Powered descent
Initial powered descent
Final powered descent
Hover to landing
e Ascent
Powered ascent
Coasting ascent transfer orbit
Rendezvous
Docking
e 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.

Upon command from the computer, the display scene may be positioned to any position previously attained
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. Rota-
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 optics of the telescope with an accuracy of +1. 0 minute of arc with respect to their true interspatial
position. The remainder of the star background is sufficiently accurate to enable recognition of constellations
so that navigational stars can be identified.

The nadir position is accurate within 1. O(j{‘ of maximum scale altitude for each MEP altitude range.
Rendezvous and docking range are within 1.0 of range from 30, 000 to 10 feet, and within 10. 0" of range

from 10 to 4 feet. Landing altitude is accurate within 1. 0% of altitude from 1, 000 to 20 feet.

1.6.2.1 Overhead Window Display.

The overhead window projects a composite of separately generated images through the simulated LM cabin
window. One image is of an occulted celestial starfield. Superimposed upon this image, is an image composed
of inserted images generated by the MEP, and A or R and D TV inputs. The overhead window display subsystem
includes the following assemblies:

e [yepiece beamsplitter
e Lyepiece mirror
e Aspheric corrector lens and beamsplitter

‘ e Celestial sphere beamsplitter

e C(‘clestial sphere mirror
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e TV beamsplitter
e TV mirror.

The optical elements are mechanically mounted; they provide an 8-inch circular pupil and a 45" x 65° field
of view. The overhead window display is stationary; it has no moving parts.

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 depicts 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 window
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 steel balls of various
diameters, accurately placed on the outer surface of the celestial sphere. A single occulting mechanism, in
the collimated portion of the light path, provides lunar occultation. This occultation system comprises a
variable-diameter disk effectively subject to two-dimensional placement in two orthogonal directions. The disk
diameter is a function of the solid angle subtended by the object to be occulted, as seen from the LMS cabin.

CELESTIAL SPHERE
DISPLAY UNIT

CELESTIAL SPHERE
RELAY MIRROR

BEAMSPLITTERS

OCCULTER/

CORRECTION ILLUMINATOR

LENS

OPTICAL
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TV RELAY
MIRROR
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COMPRESSOR ~ MIRROR
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Figure 1-22. Right Window Display, Functional Diagram




i anc o o sk i i e et e e e e L D

LMAT90-2-1L.MS

During actual space flight, the view of the celestial sphere shows changes that correspond to the position
and attitude of the LM and to its roll, pitch, and yaw motions. This changing view of the celestial sphere is
simulated by mounting the celestial sphere in a gimbal system that provides rotation of the celestial sphere
about three orthogonal axes which are related by transformations to roll, pitch, and yaw. The celestial sphere
is rotated 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 telescope with a simulated starfield display and means for
occultation of this field. The telescope star display, in conjunction with the telescope display subsection,
presents an infinite image starfield that is displayed at the entrance pupil of the LMS telescope. The illumina-
tion system for this display provides the means for lighting and controlling the image size of the simulated
stars. The illumination source is collimated by the condensing lens of the projector lamp assembly, projected
through the occulter assembly, and refocused by the projection lens assembly onto the subminiature relay
mirror that is cemented to the celestial sphere beamsplitter mirror. This secondary image serves as the
source for illuminating the celestial sphere. The balls, illuminated by this light source, form an image of the
light source at their focal surface. This image is minified by the ratio of the distance from the bhall to the
source and the focal distance of the ball. The resultant image, viewed by the telescope, is subliminal (less
than 1 minute of arc).

Motion of the LM relative to the moon and stars is simulated in the telescope star display by motion of the
celestial sphere and lunar occulter in response to computer-derived commands. For this purpose, the
gimbaled celestial sphere (containing the starfield) has three degrees of freedon.

The illumination-occultation assemblies are A18, A19, and A20, figure 1-22. A high pressure mercury
arc lamp and a collimating lens are housed in the projection lamp assembly. The collimated beam of light is
projected through the lunar occulter assembly, and a servo-driven occulting disk is focused on the surface of
the celestial sphere by the projection lens assembly. The optical axis of this system is coincident with the
telescope line of sight; the X-axis of the occulter is contained in the X, Z plane: its Y-axis is aligned parallel
to the Y-axis of the simulated LM cabin. The diameter of the occulling disk is varied by signals from the
computer, to correspond with the distance of the LM from the moon.

1.6.2.4 Rendezvous and Docking Section.

The rendezvous and docking section (figure 1-23) visually simulates the rendezvous and docking maneuver,
with models of the CSM and TV probes, in a space of approximately 30 feet. The rendezvous and docking
section consists of the following subsystems:

e CSM models and probe carriage

e Rendezvous and docking probe

e Closed-circuit TV

e Right window focusing CRT

o Left window focusing CRT

e Overhead window focusing CRT,
1.6.2.4.1 CSM Models and Probe Carriage.

This subsystem simulates the view of the CSM and the range between the CSM and the LM. The initial
phase of rendezvous. from 20 nautical miles to 14, 000 feet. is represented by a blinking beacon light located
in the nose of the rendezvous model. During the second phase of rendezvous, between 14, 000 and 8, 000 feet,
the CSM is represented as an object by the illuminated model. During these two phases, the probe carriage is
25 feet from the rendezvous model. The intensity of the blinking beacon light and the illumination of the model
is video attenuated to approximate the change of range. The third phase of rendezvous. from 8, 000 feet to 530
feet, is simulated by motion of the carriage toward the rendezvous model, from 25 feet to 18.8 inches. At the
530-foot range. the view from the probe is reversed. by removal of the dissolve mirror, placing the carriage
26.5 feel from the docking model. Closing the range from 530 feet to the docking point is simulated by travel
of the carriage toward the docking model. The illumination subassembly of both models consists of fixed banks
of lights arranged in rings surrounding the models. Lighting of the models simulates solar illumination by
selective switching of the proper quadrant of light banks. The electronics section receives comimand sivnals
and transmits power {o effect all previously described drives and switching.
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Ficure 1-23. Rendezvous and Docking Image Generator

1.6.2.4.2 Rendezvous and Docking Probe.

The docking probe assembly simulates the views from the LM in its various attitudes with respect to the
CSM. The prime component of the assembly is the articulated twin probe, whose optical systems transfer the
images of the CSM onto the faces of two stationary TV camera tubes. Servo-controlled lenses focus the images
as a function of range. The optical system is capable of unlimited rotation of the lines of sight in azimuth and
elevation. The third rotational degree of freedom, roll of the LM about the image axis between the LM and CSM.
is taken care of by differential model roll.

Arimuth and elevation motions are transmitted to an optical scanning head assembly, which contains a dif-
ferential drive to sort out pure azimuth and elevation motor and data-element rotations. A shaft that combines
azimuth and elevation rotations drives the derotation prisms in the optical derotation and focus subassembly.
The tocusing lens drive requires a nonlinear command signal as a function of model range to move the lens
over a total distance of 0. 060 inch.

I'he basic optical probe design places the entrance pupils at a separation and displacement (from the center
of rotation) at 120 scale of the teft and right window viewpoints of the two astronauts, corresponding to the 1720
scale of the docking model, thus assuring proper perspective and angular orientation during the docking phase.
The 25-foot model distance. corresponding to the 8, 000-foot range at the start of the final rendezvous phase,
requires a 1 320 scale reduction of probe and model. By interposition of a 4X power telescope between the 120
scale probe and the 180 scale rendezvous model, size and perspective are properly scaled by optical methods.
A smooth transition from rendezvous and docking model view is performed by withdrawal of a dissolve mirror
At the 530-foot transition range. After dissolve mirror withdrawal, the entire telescope assembly is moved
»ehind the articulated probe to avoid interference with the illumination subassembly during the terminal docking
phase. In addition to the left and right window view presentation, the probe is used to present exclusive views
through the overhead window or through the telescope in its three discrete directional settings. To assure
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proper image orientation and line-of-sight direction, corresponding coordinate transformations must be fed
into the computer.

1.6.2.4.3 Closed-Circuit TV.

The closed-circuit TV electronics section controls the cameras, produces the sync signals, and contains
a video switching unit for selection of the proper CRT display for left or right window, overhead window, or
telescope view. It also contains the beacon light attenuator to approximate the change of range, and video
insertion units to insert the image of the CSM (whose shadow is illuminated sufficiently to effect switching) into
the image received from the MEP.

1.6.2.4.4 Window Focusing CRT.

The CRT focusing assembly makes the presentation of the docking maneuver as realistic as possible.  As
the CSM approaches the LM, the virtual image of the CRT face (which appears normally at infinity) is placed al
the proper range by a forward focusing motion of the CRT with respect to the window optical systems. By
placing the image at the actual CSM range, the realism of the display is enhanced by both parallax and cyc
accommodation of the observer. Computer signals, based on a nonlinear function of CSM range, position the
CRT carriage through a servo-driven ball-screw and nut arrangement.

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
of the LM. The landing and ascent section comprises the following subsections:

e Lunar model and three-axis translational drive
e Horizon rings
e Illumination
e Optical probe
e Main frame.
1.6.2.5.1 Lunar Model and Three-axis Translational Drive Subsection.

The lunar model and three-axis translational drive subsection comprises a movable carriage in the X-plane
and Y-plane, a movable model of the lunar surface in the Z-plane, an optical probe, a control console, an
illumination system, and mechanical supporting components.

The lunar surface is represented by a three-dimensional scale model; approximately 357 of its surface is
suitable for simulation of landing. The optical probe is movable in three rotational axes (roll, pitch, and vaw).
When combined with the three translational axes (X, Y, and Z) of the simulator, the visual display realistically
portrays the lunar surface to the astronauts. The lunar surface is divided into three types of terrain to permit
landing practice to be accomplished on boulder-strewn, crater-filled, and low-hilled or hummock-filled
terrain. The computer positions the optical probe in the X-axis and Y-axis to simulate translational motian
and positions the lunar surface closer or farther from the optical probe to simulate ascent or descent. :

Shadows caused by the sun are painted on the model for a nominal elevation angle of 45°. The shadows are
rendered as black, with approximately 0. 10 reflectivity. Specular reflectivity is minimized by use of a textured
surface. The overall surface of the model is white, providing good light diffusion. The ratio of total reflected
light to total incident light is greater than 0.5. Specular light reflections are minimized to prevent mirror
effects.

The 16-foot-diameter lunar surface contains three 120° segments that simulate the different detailed lunar
features. One segment contains hummocks (rough conical shapes) that range from 0. 02 inch high with 15°
sloping sides to 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 (rough spherical shapes) that range
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 feet (0. 003 to 0.3 foot, model
dimensions) in diameter, with depths from 1 to 100 feet (0. 001 to 0.1 foot, model dimensions), respectively.
The craters have rounded corners.
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1.6.2.5.2 Horizon Rings Subsection.

The horizon rings subsection comprises three equal 120° segments; each segment provides a continuous
view of its associated lunar-surface area. In addition, terrain features on the horizon 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 enable complete simulation of environment even when the optical probe is
tilted. The image on the ring is artistically rendered; the simulated horizon line is placed to provide the
required horizon-line effect. The light reflectivity values of the lunar-surface model serve as a guide for the
relectivity values used on the horizon ring subsection.

1.6.2.5.3 Ilumination Subsection.

The lunar model is illuminated by a fluorescent lighting system that provides a level of brightness. over the
entire surface, that is representative of the falloff of light as a result of viewing angle. A total of 145 lamps arc
used. Twelve 30° sections face the model; they tilt away from the outer edge of model at 18" to form a cone-
shaped lichting dish. Each section contains twelve 23-inch-long, 20-watts lamps. A high-intensity fluorescent
lamp, wound in a spiral, surrounds the optical probe; its light is cast straight down over the nadir point. This
lamp receives 2,500 volts ac from a step-up transformer mounted on the Y-axis carriage.

1.6.2.5.4 Optical Probe.

The optical probe scans a 3-dimensional lunar model scaled 1,000 to 1. The scanning angle is the angle
(with respect to the nadir) observed by the astronaut during actual lunar landing or ascent. The entrance pupil
of the system is within the elevation prism, with an instantancous field of view of 110°. The pupil can be posi-
tioned 0.25 to 18.00 inches away from the lunar model, which, at 1,000 to 1 scale, is equivalent to 21 to 1,500
feet.

The objective prism. which is statically mounted to the objective assembly, deviates the line of sight from
the elevation prism to permit an arrangement whereby the lower conjugate distance can be varied to compensate
for changes of the object distance. The lower [ocusing assembly contains the two Porro mirrors, which, by
trombone action, dynamically vary the conjugate distance by a factor of two. As the object distance changes,
the two field lenses are positioned with respect to each other and the objective lens to compensate for change in
focus.

For the lower section of the optical system, the movable optics compensate for variations of the object
distance and focus. Additional corrections and dynamic motions of the remaining portion of the optical system
are required. Due to the inherent characteristics of the scanning system, rotation of the elevation prism
produces a one-speed rotation of the image, which requires a derotating device and rotation of the relay lens
in the system. Additionally, the relay lens is tilted to return the slanted image normal to the optical axis.

Dynamic variations of the upper conjugate are similar to those of the lower conjugate, except that a penta-
prism is incorporated in the system to provide an unequal number of reflecting surfaces; by the unique arrange-
ment of a mirror, Porro prism, and pentaprism, a derotator is incorporated into the system. Byv trombone
action of the Porro prism, dynamic variations of the upper conjugate are obtained.

The camera, mounted directly above the pentaprism, contains the vidicon upon which the image is focused
and then transmitted to the TV receiver in the window display.

1.6.2.5.5 Main Frame Subsection.

X-Carriage. The X-carriage is composed of four steel box beams, welded together to form a 22- by
7-1 2-foot rectangular frame. The X-carriage is positioned in relation to the lunar model by the X-drive
wheel assemblies, it is driven by torquer amplifiers that respond to command error signals. The Y-carriage
is mounted on the two long beams of the X-carriage. A liquid spring and a limit switch, which stops the
carriage at the extreme limits of travel, extend from each corner of the X-carriage.

Y-Carriage. The Y-carriage is a welded aluminum channel structure, which supports the optical probe
and the illumination section. It is composed of a 62-inch-diameter inner rolled channel (to provide attachment
to the optical probe), and four straight sections, which form an outer box. The Y-carriage is positioned in
relation to the lunar model by torquer amplifiers, which respond to command error signals. Liquid springs
and limit switches to bring the Y-carriage to a halt when the extreme limits of travel are reached.

X-Y Track System. Two types of tracks are used in transporting the X-carriage and Y-carriage. Fach
carriage has one track of each type to provide maximum accuracy in carriage positioning. The firsttype is a
flat piece of hardened steel that is fastened to a machined surface on the track support. The second type is a
cylindrical piece of hardened steel that rests in a V-grooved bar bolted to a machined area on the track surface.
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Terrain and Horizon Rings.  To simulate the distant lunar terrain and the horizon o an astronaut, a series
of terrain and horizon rings arc used. “Fach of these five rings consists of eight circular sections of two pieces
of aluminum bonded together and filled with expanded foam. They are suspended from the Z-drive by a series
of eight supports 45 apart. The terrain rings arc painted to resemble distant lunar features and are cut along
the hottom surfaces according (o (he terrain portrayed. Lach successive

ssive ring, from the center, is representa-
o . ST —— e Y % 3 " A
tive of further terra The fixed horizon ring includes some black sky, as well as distant terrain.

Drive System. The X-carriage and Y-carriage are driven by torque-powered friction drive wheels at each
end of the carriage. By locating a drive assembly at each corner of the carriage, extremely linear servo
operation and response is possible. In addition, driving each end of the carriage eliminates the rotational
effects of the carriage while positioning.

1.6.2.6 Mission Effects Projector.  (See figure 1-25.)

[Lunar views from 200 nautical miles down {0 300 feet are generated for the LMS by the mission effects
projector (MEP). The MEP uses two 50-foot film strips to projeet lunar scenes onto four circular screens
which are viewed by four TV cameras (one each for the right, left, and overhead window, and one for the
telescope.) Spacecraft attitude motion is simulated by an articulated optical probe in front of the TV camecra.
Spacecraft translational motion (along orbit or across orbit) is simulated by either moving the film lengthwise
(from one tilm spool to the other) or sideways (by moving the entire cassette). A filin set consists of two
cassettes (A and B) each containing 50 feet of film. Film A contains film scales 1, 3 and 5; film B contains
film scales 2, 4, and 6. The specific film scales cover the following altitudes:

Maximum Minimum
Film _S_ca_le- A_Ii]&d_e Altitude

A 1 192 nm 14.5 nm
B 2 14.5 nm 5.4 nm
A 3 34, 776 feet 9,107 feet
B 4 9,107 feet 2,380 feet
A 5 2. 380 feet 1, 240 feet
B 6 1,240 feet 314 feet

Altitude changes on any given film scales are accomplished by varying varifocal settings, which are simi-
lar to zoom lenses used in commercial TV.

Scales 1 and 2 cover full lunar orbits. For example, to simulate an 80-nautical-nile circular lunar orbit,
scale 1 would be used at all times and would be slewed back to its beginning when orbiting over the dark portion
of the lunar surface is simulated. A similar method is used for film scale 2 when the simulated orbit altitude
is in scale 2 range. Scale 3 covers one-quarter of the lunar orbit, specifically, il covers the area where the
ten landing sites are located. Scales 4 and 5 cover the landing site with its corridor. All ten landing sites
contained on one film set. To allow for three different sun angles, the film set is divided into three sections,
cach containing a different mission. For mission A (first section), scales 4 and 5 depict landing sites I, 11,
[ and IV. For mission B (second section), scales 4 and 5 depict landing sites V, VI, VII. The third section
contains mission C on which scales 4 and 5 depict landing sites VIII, IX and X. Before starting a training
session, the instructor has to determine which mission is to be flown depending on Linding site and,/or sun angle
selection.

Filin scale 6 depicts an area of approximately 8 by 6 nautical miles which represents the landing site below
1,240 feet.  This view is fed to the right window while the Commander receives the landing and ascent image
in the left window. The view presented by film scale 6 does not go all the way to touchdown:; however the instruc-
tor can transpose the left and right window views by means of the L' A IMAGE switch (on the PROBLEM CON-
UROL panel) at the instructor console. On scales 4. 5 and 6 the center of each film strip represents the
particular landing site.

To achieve proper perspective, the MEP contains distortion lenses that automatically gives the proper
curvature to the lunar (on earth) scene.

‘ During descent to the lunar surface, the spacecraft goes through the various film scales in the MEP. At

ach erossover point in film scales, the MEP will be driven so that the [ilm in the cassette not being viewed
will be made ready for a dissolve. This Dissolve is accomplished by a dissolve mirror so that very little
discontinuity is observed in the final image.
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Earth views are generated in a similar manner. as lunar views except for the following differences. There
is only one altitude scale required (100 NM to 300 NM) for earth views, and variation of varifocal settings can
easily cover this range. FEach film strip contains eight full earth orbits. These orbits range from 60° N
latitude to 60° S latitude which adequately covers the range used for manned earth orbits. Each orbit depicts
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 same as in cassette
B except for a 180° shift in the longitude start and end points. A dissolve to cassette B is not required until
eight orbits are completed. so that 16 orbils are available to move the terminator through 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 be set automatically at reset by the non-
real time (NRT) program.

1.6.2.7 Interface Junction Section. (See figure 1-22.)

The interface junction section consists of the following:
e C(losed-circuit TV system, including control rack A26
e Power distribution rack A40 and signal distribution rack A33
e Interconnecting cables.
1.6.2.7.1 Closed-circuit TV system.

The closed-circuit TV (CCTV) system provides control and flexibility of presentation to a greater degree
than would be possible with an optical-mechanical system.

The CCTV system consists of the following equipment:
e Seven precision TV camera chains
e Onmne dual rack assembly
e Three large spherical remote TV units
e One small flat-faced remote TV unit
e Two 17-inch instructor monitors.
By use of computer controlled articulated optical probes the various cameras receive images from the MEP
film, the CSM, and the lunar surface of the landing and ascent section. These images are then electronically
acted upon and fed to the three window displays and telescope via special CRT's.
1.6.2.7.2 Power Distribution Rack A40.

The power distribution rack contains the main a-¢ power distribution units: switching: fuses: and overload
safety, phase failure safety, and pilot light indicators. 1In addition, the rack contains two d-c¢ power supplies:
+12 and 28 volts.
1.6.2.7.3 Signal Distribution Rack A33.

The signal distribution rack functions as the prime distribution center for all signals (command informa-
tion) between the LMS computer and the subsections of the KFVDE. In addition, the rack contains a 500-watt,
400-cycle power amplifier; a 1, 500-watt, 400-cycle power amplifier; and a +10-volt d-¢ dual power amplifier.

1.6.2.7.4 Interconnecting Cables.

The interconnecting cables connect the various parts of the EVDE electrically. These cables are func-
tionally divided into two main categories: CCTV, and power and signal distribution.

The interconnecting cables transmit power from, and signals to and from. - the LMS computer via the inter-
face junction section to the various parts of the FVDFE. The cables provide adequate flexibility and mechanical
strength, minimize voltage drop, provide shielding against radiation, and accommodate changes in operational
requirements by use of spare conductors and connector terminals.
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1.6.3 SIMULATED LM CABIN

. The 1.MS cabin mects the functional needs of the simulator while retamning the characteristics ot the T.N .
The interior of the LMS cabin is an authentic replica of the LM interior: the external configuration 1s coordina-
ted with the visual equipment (o provide an integrated training device. The base unit contains components for
simulation of I.M air-conditioning, water, and oxyeen for the pressure suil equipment It also contains elec -
trical test and patch panels.  The components within the base structure are readily acecsaable for maintenance,
via removable panels on the exterior of the structure.

The erew area contains instruments, displays, controls, a telescope and navigational cad, and tood storape
and preparation facilities, as found in the LM. The mstruments. controls, and displays (fipure 1-26) are
mounted in the same contiguration as those in the M. Refer to Apollo Operations Handbook, LMAT90-3-1.M 2,
for detailed descriptions of cabin controls and displays.  Units not required for simulation are present in
physical appearance only; altempted activation of these units has no effect on the simulator.  All controls in the
LLMS cabin operate in a manner identical with that in the TM.  Conlrol functions approximate the LM pertor
mance curves; the controls are instrumented to provide the necessary output siygmals to the computer.  Instru
mentation does not mar the appearance of the controls nor is it obvious to the astronauts.  Some cquipment in
the interior can be maintained in-thight. Therefore, to maintain the authenticity of the cabin, the arcas behind
the affected panels, doors, and or modules are also authentic replicas of the actual arca containing such
equipment.
1.6.3.1 Structure.

I'he cabin shell is construcied of Tightweight sheet - metal sections suitably veinforced to hold the reqguired
contours. 1t is lined on the interior with fiberglass blanket material of sufficient thickness to provide thermal
and acoustical insulation.  All sections are attached to the structure on neoprenc-insulated surfaces with
quick-opening (quarter-turn) fasteners and are hinged to provide maxinium accessibility to the back of the sim
ulated LM equipment. as well as to the support equipment.  All cabin units arce accessible through the shell
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panels, for inspection, testing, alignment, replacement, or modification, without interference with other units.
This complete accessibility, the ability to separate the cabin into fore and aft sections, and the modular
mounting of cabin components facilitates updating the cabin to conform with subsequent LM configurations.

1.6.3.2 Visual 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 display. The displays consist of presentations of lunar and starfield areas,
rendezvous and docking with the CSM, lunar surface in LM descent configuration, and rendezvous and docking
with the CSM in LM ascent configuration. The window displays are synchronized to provide the proper scene
at each window; the astronaut views a realistic presentation from any position within the exit pupil. Below
1, 300-fool elevation, two-dimensional views of the lunar surface are presented at the left or right window as
selected on the instructor console. Views in the remaining windows are two-dimensional; they are satisfactory
for altitude and velocity cues only. The visual equipment provides presentations that appear to vary in distance
from zero feet (the docking presentations) to infinity (the starfield presentations).

The telescope has visual equipment for the required views of the lunar surface or the 57 navigation stars.
The telescope, capable of X 1 magnification, is used for general surface scanning or star locating. The navi-
gational aid position, slaved to the telescope, is used to provide navigational measurements of lunar landmarks
or limbs and of navigational stars. The scenes presented in the telescope are synchronized with the other
visual displays.

1.6.3.3 Cabin Environment.

Cabin illumination and temperature are controlled by the astronaut to the same extent as in the LLM. The
cabin is air-conditioned; the system controls temperature and humidity. Conditioned air is ducted into the cabin
through grilles and auxiliary points to provide uniform, draft-free distribution. The temperature and quantity
of air supplied to the astronauts' pressure suits are also variable through astronaut controls. The simulated
pressure suit system is designed so that no danger exists to the astronauts either because of complete loss of
ventilating air or overpressurization. The pressure suit system uses room air suitably compressed in an oil-
free breathing air compressor and filtered for water condensate, microparticles, and odors; or building air.

1.6.3.4 Ingress and Egress.

The cabin is aligned with the Z-axis horizontal. Normal access to the cabin is provided by a door in the
rear bulkhead. This door opens outward to an exterior platform and stairs. The bulkhead equipment in this
region (tape recorder, simulated guidance computer, and simulated power servo assembly) is attached to the
door. The door is essentially indiscernible from the inside; it has an inconspicious handle. Both hatches
(top and forward), on the interior, are authentic replicas of the LM hatches; they require an identical release
procedure to unlatch and open them.

1.6.3.5 Cabling.

The right side area adjacent to the cabin houses the interconnection junction panel. All units, modules,
and panels in the cabin are wired with single-headed cables directly to the interconnection junction panel. In
a similar manner, all cables from the instructor console, computers, and EVDE that connect to the cabin
are wired with single-headed connectors from the equipment cabinets to the interconnection junction panel. The
cables are arranged on the panel so that each may be removed and replaced without difficulty. In addition to
serving as the major interconnection point, the interconnect junction panel serves as the main checking point
for all signals in the cabin. Updating is easily accomplished through interconnection repatching and without
cable revision.

1.,‘ 6.3.6 Suit Maintenance Panels.

The LMS cabin structure includes two suit maintenance panels, one for each pressure suit system. The
panels are identical, except that SUIT MAINTENANCE PANEL NO. 1 has additional control switch lights for
the life support power and a master switch for the suit supply air compressors. The air compressors are
actuated when pressurized air is selected instead of ambient building air.

Each suit maintenance panel contains a manual primary pressure regulator and a primary pressure gage.
Downstream of each regulator, a flowmeter is included for each suit. (It is mounted on the respective suit
maintenance panel.) Gages on each maintenance panel monitor the actual suit inlet pressure, the suit outlet
pressure, and the pressure differential across the suit.

The LMS scheme of suit pressurization, functioning in an unpressurized cabin, is based on the ratio of

theoretical cabin pressure versus theoretical suit pressure. In normal operation, the Suit Technician adjusts
the pressure of the two suits to be proportional to the theoretical relative pressure difference between suit and
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cabin pressures. This differential is calculated within the computer complex and displayed on the SIM a P
indicator on the TRUE TRAINEE ENVIRONMENT panel on the instructor console. If desired, the suit 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 ENVIRONMENT panel goes on to warn that suit pressure regulation ia 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 maintenance 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 indicator on the TRUE TRAINEE ENVIRONMENT panel to warn that cabin temperature is being reg-
ulated at the suit maintenance panel.

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

1.6.4 AURAL CUE EQUIPMENT.

Audible cues are presented whenever applicable, during the training exercise. Thése cues are sounds
produced by the firing of reaction jets, by the descent and ascent engines; by landing, or a mechanical noise
that is considered an aural cue for flight crew control of the LMS. In addition, noise levels 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:

e Ascent and descent engine operation
e RCS jet firing

e Cabin decompression

e Background

e Explosive devices

e LM-CSM docking

e Landing gear extension

e Ambient noise (400 cps)

e Lunar landing.

The aural cues (except the lunar landing cue) are generated independently at a given instant and are summed
in a summing amplifier. The signal output (simulated aural cue) of the summing amplifier is fed to a voltage-
controlled attenuator (VCA) that is controlled by a manually adjusted decibel control potentiometer (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 be a function of a simulated
reduced air density caused by cabin decompression.

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 solenoid is controlled by a digital
output (DBO) signal determined by the aural cue simulation program.

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.

1.MS790-2-1.MS

Suit Maintenance Panels, Controls and Displays

Control or Display

Function

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 temperature gage

SE °F temperature gage

LO-HI temperature control
CABIN OUTLET TEMP

CABIN TEMP MANUAL
switch light

°F tomperatu'ro gage meter

LO-HI temperature control
SUIT PRESSURE

INCREASE switch light

DFCREASE switch light

HOLD switch light

MAINT IN PROGRESS switch
light

SUIT TECH CONTROL switch
light

PILOT REGULATOR PRESSURE
indicator

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

Turns off life support power

Turns four air compressors on and off. Light goes on
when switch is pressed. Compressors operate as
function of power (life support) being available.

In sequence mode, life support power failure
results in compressor No. 1 switching auto-
matically to utility power. Manual mode is
for maintenance and does not require auto-
matic switchover.

Enable monitoring and control of suit temperature.
Temperature control is active only in manual mode.
Normal mode for training is computer control mode.
This mode is selected by deactivating SUIT TEMP
MANUAL switch light. In manual mode, a time lag
exists between setting LO-HI control and achieving
desired temperature.

Enables monitoring and control of cabin temperature.
Temperature control is active only in manual mode.
Normal mode for training is computer control mode.

Transfer control of pressurization and depressurization
to Suit Technician at instructor console (TRUL TRAINEE
ENVIRONMENT panel). Pressure is transferred in
HOLD status to whichever panel has control. HOLD
light will go on.

Turns off life support power. When sequence mode is
selected at main power panel, second activation of
MAINT IN PROGRESS switch turns life support power
back on. When manual mode is selected at main power
panel, second activation of MAINT IN PROGRESS switch
permits manual control of life support power.

Transfers control of suit pressure regulation to
appropriate maintenance panel

Indicates pressure after adjustment by SUIT PRESSURE
control on TRUE TRAINEE ENVIRONMENT panel
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Table 1-13. Suit Maintenance Panels, Controls and Displays (cont)

Control or Display Function
PRIMARY PRESSURE REGULATOR Controls inlet pressure into appropriate pressure
control suit
PRIMARY REGULATOR PRESSURE Indicates pressure after adjustment by PRIMARY
indicator PRESSURE REGULATOR
FLOWMETER Indicates flow rate into appropriate pressure
suit
SUIT INLET PRESSURE Indicates inlet pressure into appropriate pressure
indicator suit
SUIT OUTLET PRESSURE Indicates outlet pressure from appropriate
indicator pressure suit
SUIT A P indicator Indicates difference between suit inlet and outlet
pressures
The MAINT IN PROGRESS, LIFE SUPPORT PWR ON, and
LIFE SUPPORT PWR OFF switch lights are on the main
power panel and on SUIT MAINTENANCE PANEL NO. 1.
Functions are identical at both panels.

1.6.4.3 RCS Jet Aural Cue Generation.

White voice is fed into a VCF that has its cutoff frequency 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 DA signal determined by
the aural cue simulation program. The VCA output is summed with other aural cues in the summing amplifier.

1.6.4.4 Cabin Decompression Aural Cue Generation.

Cabin decompression sound simulation is initiated by a DBO signal determined by the aural cue simulation
program. Approximately 2 seconds after the DBO is received, a capacitor discharges into a VCA that is con-
nected between the VCA controlled by the decibel control potentiometer on the instructor console and the power
amplifier. The capacitor discharge causes all aural cues to attentuate as a function of simulated cabin decom-
pression. The DBO also actuates a relay that enables white noise to be fed into a VCF that has its cutoff
frequency controlled by a potentiometer mounted on the VCF. The VCF output is fed to the summing amplifier.

1.6.4.5 Background Aural Cue Generation.

White noise is fed into the summing amplifier via a potentiometer that varies the signal amplitude. Back-
ground noise is not controlled separately: it is varied, with the other aural cues, by the decibel 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 the
aural cue simulation program, actuates a relay and, in turn, the reverberator. The output of the reverberator
is fed into the summing amplifier.

1.6.4.7 LM-CSM Docking Aural Cue Generation.

‘ A low-frequency reverberator generates the LM-CSM docking aural cue. A DBO signal, determined by the
aural cue simulation program, actuates a relay and, in turn, the reverberator. The output of the reverberator
is fed into the summing amplifier.
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Figure 1-28. SUIT MAINTENANCE PANEL NO. 2

1.6.4.8 Landing Gear Extension Aural Cue Generation.

A low-frequency reverberator 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-
ator 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 inverters, 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“ier via a transformer. »
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Figure 1-30. Random Noise Generator, Control Panel SMDP-i58

1.6.4.10 Random Noise Generator.

The random noise generator provides a high level of electrical noise; it is used to introduce squelch and
simulated atmospheric noise into the intercom system. The generator uses a gas-discharge tube as its noise
source. A transverse magnetic field is applied.to the tube to eliminate oscillations and to increase the noise
level at high frequencies. The noise output from the gas tube is amplified in a two-stage amplifier. Between
the two stages, the noise spectrum is shaped in one of three different ways, depending on the setting of the
generator RANGE switch. In the 20 KC position, a low-pass filter is inserted; it has a gradual roll-off above
30 k¢, with the audio range to 20 kc uniform in spectrum level. In the 500 KC position, a low-pass filter which
has a roll-off above 500 ke, isinserted. In the 5 MC position, a peaking network compensates for the drop in
noise output from the gas tube at high frequencies, so that a spectrum is obtainable to 5 mc. The random noise
generator controls and displays (figure 1-30) are listed, with their functions, in table 1-14.

1.6.4.11 Intercom Power Amplifier.

The intercom power amplifier provides audio.power amplification for the aural cue system and for voice
. communications throughout the simulator complex. It is a high-powered, solid-state device, capable of pro-
viding 50 watts of audio power output (40 watts rms) with minimal distortion and phase shift.

Table 1-14. Random Noise Generator, Controls and Displays

Control or Display Function
OUTPUT control Varies output voltage
|
POWER switch Energizes generator
RANGE selector switch Selects network used for shaping noise spectrum
MULTIP LY BY selector Attenuates output voltage
switch
OuUTPUT VOLTS indicator Indicates rms value of noise at generator output termi-
nals
LOW, HIGH switch In LOW position, introduces a 10:1 resistance pad after
gas-tube noise source to reduce effect of amplitude
limitations of amplifier and to reduce noise field
|
L —— .
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1.7 DATA-PROCLSSING GROUP.

‘ The data-processing group is subdivided into two major sections for discussion purposes: computer complex
and data conversion equipment.  The data-processing group controls the training missions in accordance with
the programs it is instructed to use.  Faithful simulation of LM dynamics over the entire flight regime is pro-

vided; motion with six degrees of freedom takes into account LM moments of inertia, location of the center of
gravity, propulsion subsystems used, RCS jets selected, cte. 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 trajectory data with IMCC and/or the AMS.

1.7.1 COMPUTER COMPLEX.

The LMS computer complex consists of three basic gencral-purposc digital computers with optional cquip-
ment and associated peripheral equipment.

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
from the LMS cabin, instructor console, and other units. The complex also executes a predetermined sequence
of events; drives displays and indicators through data conversion units; and inserts, and responds to, simulated
subsystem 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 major 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 intercomputer communication, during normal operation, is
through the common 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 devices will simultaneously request access. Computation time lost for reasons of intercomputer commu-
nication may be attributed only to the time lost while waiting to gain access to the common memory; this lost
time is less than 10 memory cycles (19 microseconds) per 50-millisccond computing period (worst case) in each
computer.

A major feature of the basic system is that high-speed repetitive data transfers between either or both of
the LMS computers and external points such as the AMS, input/output (I/0) conversion equipment, and the data
acquisition system (DAS). Data is transferred in blocks from the common memory through a fully buffered
channel, or from the private memory of each computer through its respective direct memory access channel.

In this manner, for transfer of data to the I/O conversion equipment and AMS interface, data blocks being trans-
ferred out of the computer complex can be filled up directly by both computers. Due to the electronic character-
istics of the FBC, a computer sacrifices time to this external communication problem only if the other computer
or the FBC has previously requested access to the common memory. The lost-time figure (19 microseconds/
50-millisccond period) accounts for time lost to internal (intercomputer), as well as external (I/0, AMS, DAS),

.(-ommun ications.
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Figure 1-31. Dual Computer Interface, Simplified Block Diagram

For transfer of data to the DAS magnetic tape unit, block transfer of data from each computer is in parallel
with the FBC. Separate paths from the private memory of cach computer are provided, using direct memory
access channels and switching units so that each computer, in turn, can record its DAS data on a single magncetic
tape. The direct memory access channels (DMA's) differ from the FBC in that they are cycle-stealing and inter-
rupt the computer program only if both require memory access at the same instant. For a "worst case' of DAS
output of 500 words every 50 milliseconds (about the limit of magnetic tape units, running at 75 ips), an access
would be required every 100 microseconds. Because this access requires only 1.9 microseconds, this amounts
to approximately 2. 0% of the time. However, if the computer program does not require an access at this time,
no time will be lost, because the DMA is simply filling in a "hole" in the program.

A highly significant feature of the system is that the DMA and the FBC may be communicating with the com-
puters and shared memory simultaneously. Thus, the I/0 control, magnetic tape unit No. 1 or 2, magnetic tape
unit No. 3 or 4, the card punch, and the card reader may be operating simultancously. The virtue of this arrange -
ment is that multipath communication possibilities are available without computer intervention, so that input/
output capabilily is flexible. Also, future system requirements may be met without hardware modification. Dur-
ing normal operation, the FBC handles all communication with the AMS link and the I/0 conversion control unit;
the two DMA's communicate only with the DAS magnetic tape units and line printer to read in changes to the com-
puter program from the second magnetic tape unit (MTU) (on an "on-line' basis).

The LMS computer complex, operating in conjunction with the instructor console, can:

e Start with known initial conditions to permit initiation of a training mission from a minimum of
24 points without programming

e Stop and restart at any point in a mission
e Reset to any one of the 24 sets of initial conditions from stored parameters in less than 2 minutes

® Run in accelerated time (32 times real time) during coasting phases of a mission, without loss ot
accuracy in the computation of trajectory and,’'or quantities of expendables
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Figure 1-32. LMS Computer Complex, Block Diagram

e Be manually reset to initial conditions during reset or hold periods

e Operate either as master or slaved to the AMS for control of the LMS operating modes (operate,
stop, reset freeze, and accelerate).

1.7.1.1 Digital Computers. (Sec ligure 1-33.)

The LMS computer complex uses three digital computers. (Refer to note in paragraph 1.7.1.) These are
24-bit word, parallel-binary, single-address, stored-program computers, with indexing and indirect addressing
features.  They are of modular design, which provides a high degree of flexibility and permits expansion of the
computing system in specd, memory, and input/output capabilities. Solid-state circuitswith a coincident-current
magnetic core memory, which stores program instructions and data, arce used throughout the computers.  The
computer is an integral unit that consists of a three-bay cabinet and a control and maintenance console. The
console contains the switches, indicators, and controls required to start, stop, and manually control computer
operation. The computer controls and indicators (figure 1-33) are listed, with their function, in table 1-15.

The maintenance section of the console, located under a panel cover, provides indicators that can be used as an
aid in localizing computer malfunctions, and controls to facilitate computer maintenance.

The logical units of each computer may be combined into four primary functional subdivisions: arithmetic,

mtrol, memory, and input ‘output. Control and data flow within the primary functional subdivisions is shown in
rure 1-34.  Figure 1-35 is a block diagram of the computer.
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For a digital computer to perform computations, all the data pertinent to the problem and the moethod o
solution (instructions) must be stored in the computer before it attempts the actual solution. Similarly, for
spacecraft simulation, all the information relative to the spacecraft and the sequence of events must be stored
in the computer before starting a training mission. This information is in two types of digital words: a data
word and an instruction word. A series of instruction words makes up the computer program. The memorv
unit is the device in which these words are stored.

A magnetic core unit is the basic memory of each computer. In the LMS, each computer has a different
number of internal memory locations (40, 960 for computer A, and 49, 152 for computer B), as well as access to
a common core unit of 8, 192 locations. The expanded memory of each computer is built with standard core
units that can store 4, 096 24-bit words. A memory address register (MAR) and memory information regisie:
(MIR) are considered part of each memory. The MAR locates the word that is to be put into, or taken out of
the memory; the MIR furnishes temporary storage while the words are being transferred into, or cut of, the
memory. Each memory module contains its own power supplies, and controls for testing the modules with
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Figure 1-33. Computer Panel




Table 1-15.
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Computer Control Panel, Controls and Displays

o

Control or Display

Function

START/OI1'-LINE switch

CONT/ PULSED switch
STOP CODE switch
PUNCH POWER switch
TAPE FFED switch
TAPE LOW indicator
FILL selector switch
PAPFR TAPE

CARD RDR HOL

CARD RDR BINARY

FILL switch

Input/output function
selector switch
START switch
STOP switch
POWER switch

RUN MODE - PROG
HALT switch

Program halt address
register thumbwheels
INPUT PARITY indicator

1/0 HOIL.D indicator

INTERRUPT indicator

OVERFLOW indicator

IMP DIVIDE indicator

HALT indicator

Starts operation enabled by input/output function selector
switch

Not used
Not usecd
Not used
Not used
Not used
Selects type of data to be loaded into computer
Not used

Enables card reader to load Hollerith data from
punched cards into computer memory

Enables card reader to load binary data from punched
cards into computer memory

Loads computer memory from device sclected by
FILL selector switch

Not used

Starts computer operation
Stops computer operation

Turns computer and auxiliary equipment power
on and off

RUN MODE position inhibits program halt address
register. PROG HALT position controls effect of
program halt address register.

Select address at which program will halt

Detects errors while reading character information

Indicates that computer is holding input/output until
device is ready

Indicates execution of interrupt subroutine

Indicates that overflow fault has occurred in
computation

Indicates that improper divide has occurred or that
improper binary-to-DCD conversion has been attempted

Indicates that halt flip-flop is set and that no operations,
except interrupts, can take place
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Table 1-15. Computer Control Panci, («ntrols and Displays (cont)

Control or Display

Function

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

Halts computer; resets all registers, control clock
unit, ready and enable {lip-flops of input/output
channels, interrupt enable, input parity, overflow,
and improper divide flip-flops; stops all peripheral
devices

Causes computer to execute command stored in
memory location indicated by program register

Causes computer to execute fetch cycle only

Causes computer to execute command set in
OP-code register

Indicates contents of A, B, Z, program and index
registers and allow bit-by-bit entry

Enable each register to be cleared to zero

Indicate contents of OP-code register and allows
bit-by-bit entry

Clears OP-code register, index bits, and indirect
addressing bit to zero

i
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. Figure 1-34. Digital Computer, Primary Functional Subdivisions
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Figure 1-35. Digital Computer, Block Diagram

voltages and current set al margins. Information read from each module is transferred to the control and
arithmetic sections of the computer as amplified logic levels (in volts), rather than as low-level pulses, either
directly from magnetic cores (in millivolts) or from sense amplifiers. All transfer operations are implemented
in parallel. Although the memory is designed to operate at 1. 75 microseconds, it is conscervatively run at a

L. 9-microsccond cycle time.  Access time is 0.8 microsecond. Thus, instructions that do not access memory
for an operand, such as TAX (transfer A to index), take one cycle, or 1.9 microseconds; instructions that
require an access for an operand, such as LDA (load A), take two cycles, or 3.8 microscconds.

1.7.1. 1.2 Input Output Unit.

The input section provides the means of inserting the program into the memory {rom peripheral devices
(tvpewriter, magnetie tape units, ete).  The output section is used to connect data-recording devices, such as the
card or tape punches and magnetic tape units, to the computer.  The input/output (I/0) unit also enables transfer
of information between the data conversion units and the computers.  The 'O unit of cach computer includes
parallel input output channels, input/output character channels, and sense lines and interrupt control, and gen-
crates command signals as follows:

e The parallel input/output channels are gating devices that are used in conjunction with the FBRC's
and DMA's to transfer data between the memory and the peripheral equipment and data conversion
cquipment

e ‘'I'he input output character channels are gating devices that are usced to conneet the computers with
the typewriter

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

‘ e The generated commund signals are used to control external equipment such as the typewriter.
Signals generated in the I, O unit are also used to establish ADU priorities and to select upper or

lower sections of the memory bank.
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I'he direct memory access channels (DMA's) are sinubar to the FBC o desapn and oporation, They ars
uscd to transfer data between the peripheral equipment (magnetic tape units, card reader and punch, line printer,
and typewriter) and the computers.

1.7.1. 1.4 Control Unit.

A computer program consists of a series of instruction words, which are stored in the memory unit.  The
control unit "fetches' each instruction word, in sequence, from memory, translates the word, and issues com-
mands to other parts of the computer that will execute the task defined by the instruction word. Exccution of the
instruction word depends on timing pulses and control signals that are generated in the control unit.  The control
unit of cach computer contains an operation code register, an operation code matrix, a program register, index
registers, shift counters (S-registers), a control unit clock, and a clock matrix.

OP-Code Register. The OP-code register contains the six-bit operation code for the instruction being per-
formed, two index bits, and the indirect address bit. It is displayed and manually controlled on the computer
control panel.

OP-Code Matrix, This is a gating structure that decodes the six-bit operation code into control signals.

Program Register. The program register (P-register) is also a counter; it contains the memory location of
the next instruction to be performed. Normally, its contents are incremented by a 1 each time a new command
is "fetched" from the memory. In case of a jump, the program counter is loaded with the memory location to
which the program is to jump. The P-register contains 15 bits, is displayed, and can be manually controlled on
the computer control panel.

Index Registers. Three index registers arc contained on each LMS computer.  When the 15-bit index regis-
ter is specified by an instruction, its contents are added to the address of the instruction; the result becomés a
new address. A few instructions, such as scale and normalize, use the index register for control and counting.
Display and manual control is provided on the control pancl.

Shift Counter. The low-order six bits of shift counters (S-registers) are used with instructions that require
shifting. The shift counter is also used for temporary storage of cxponents during floating-point operations. It
contains 15 bits that are displayed on the maintcnance panel. The shift counter cannot be manually controlled
directly, although the SINGLE STEP pushbutton on the maintenance panel will cause stepping of the shift counter
during execution of shift functions.

Control Unit Clock. The control unit clock generates the timing pulses needed for the various operation
sequences of command executions. Contents are displayed on the maintenance panel. When the CLOCK switch
is set to OFF, the clock pulses can be manually controlled with the SINGLE STEP pushbutton switch. Both
switches are on the maintenance pancl.

Clock Matrix. In the clock matrix, the control unit clock signals are gated with the outputs from the OP-code
matrix, to provide the correct sequence of pulses for cach command to be executed.

1.7.1. 1.5 Arithmetic Unit.

The arithmetic unit performs computations when commanded by the instruction word. The arithmetic unit
contains all the arithmetic registers in the computer. The contents of the arithmetic registers are displayed on
the control panel; each bit content may be set to a 1 by pressing the pushbutton at the associated bit position on
the control panel. Fach register may be completely reset by pressing the RESET pushbutton adjacent to the
register display. When the program HALT light is on, all arithmetic registers may be manually loaded.

A-Register. This is a 24-bit register that is the primary arithmetic and logic register of the computer.

B-Register. This is a 24-bit register that is an extension of the A-register for certainoperations, including
multiplication, division, and certain shifting operations.

Z-Register. This is a 24-bit register that receives its information from the memory. After a "fetch"
command, its 15 least significant bits contain the operand address before modification or, in some cases, the
operand. The nine most significant bits contain one indirect address bit, two index bits, and six operation-code
bits. After an operand "fetch, ' the Z-register may contain the operand; it then operates as part of the arith-
metic unit (AU).
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AU and Transfer Bus. The AU and transter bus e cating struciares to which the computer registers are
connected, both as to source and destination. In this w oy, information can be transferred from one register 16
ther by simultancous gating of the proper paths {rom one register to the hus and from the bus to the other

.istor.
Adder and Multiply (MPY) Adder. These are 1o ical structures (00 are used inexecutingarithmetic instruc-
tions. The MPY adder serves as a special "carry--uve adder' to e witiplication instructions.

1.7.1. 1.6 Word Format.

Two types of digital words are used in the computer program: instruction words and data words. Both are
binary words that contain 24 bits. The format of the instruction and data words is shown in figure 1-36.

The instruction word consists of an operation code, an address, index bits, and the indirect addressing bit.
The operation code consists of six bits that specify what command is to be exccuted. The address is a binary
number that specifies the memory address of the data that is to be used in the operation. The index bits specily
that an index register will be used with the operation. The indirect addressing bit indicates that an indirect
address will be used.

The cata word is represented by a 23-bit b nary number, plus a sign bit. The sign bit indicates the polarity
ol the number: a 1 indicates a negative number; a 0, a positive number. The 23 bits indicate the magnitude of

the number

1.7.1.2 Fully Buffered Channel.

A fully buffered channel (FBC) contains a data register and a control section. Once set up from an external
source, the FBC can transfer data directly from, or to, memory, independernt of the computer main trame. The
FRC is used to transfer data between the data conversion units and the computers, without interfering with the
computer program. If the FBC and the computer program address the same memory location simultaneously,
the FBC takes priority.

1.3 Access Distribution Unit,

‘ The uccess distribution unit (ADU) provide s priority contzoi for the shar. d core memory block (8, 192 words)
he computer complex. The central processor of either computer, as weli as the FBC, may gain access to
this greup of core addresses.

The ADU can handle data inputs from as many as three computers and can connect them with as many as
eight magnetic core memory modules. In the .MS, three input devices are used: the two computers and the
"BC. The shared memory of the LMS is a duz ! ferrite coincident-current ccre assembly that consists of two
modules, ewch having a storage capacity of 4, (36 words.

COMMAND WGORD
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igure 1-36. Computer Word Format
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1.7.1.4 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 arrays of 30- x 18-mil ferrite
cores, are selected with conventional four-wire coincident-current techniques. The switching time of the cores
and the frequency characteristics of the logic and driving circuitry permit a full-cycle repetition rate of 1. 80
microseconds and an access time of 0.70 microsecond.

Figure 1-37 is a block diagram of the memory organization. Data supplied to the memory are inserted in
the information register and, then, transferred to the core stack at a locationdetermined by the address register.
Regenerative information is retrieved by driving all cores at a selected address and setting information register
stages corresponding to amplified outputs of switched cores. The data are then available at memory output
terminals during simultaneous reinsertion (via inhibit drivers) into the core stack. Addressed cores are
sclected through successive decoding levels, the first-of which occurs at selection switch and synchronized in-
puts. Selection switch and synchronized outputs intersect within the X and Y diode matrix (mounted in the stack
assembly). This leads to final address selection at the intersection of X-lines and Y-lines within the core stack.
Timing and control logic coordinates memory functions, decodes input commands, and provides signal outputs.

1.7.1.5 Peripheral Equipment.

The following peripheral equipment is used with the computers as input-output devices for inserting, or
reading out, computer data:

e Line printer
e Card punch
e Card reader

e Typewriters (2).

INFORMATION OUTPUTS

MIR! - MIR24
CYCLE-INITIATEC) o
READ-REGENERATE(RR) o—p{ TIMING INPUT/ OUTPUT INFORMATION REGISTER
STORE ADDRESS (AD  o—p coﬁ#,&’m
STORE OP CODE (OP) o—
Y
ADDRESS AND INHIBIT DRIVERS SENSE AMPLIFIERS
INFORMATION _

INPUTS . !
Mil-MI24 INHIBIT SENSE LINES
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- X-ROW X- X-ROW
L 28 | X" 3 DIODE MATRIXAND g
Swienes [LINES| MEMORY CORE ARRAY oy
ADDRESS
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DRIVER
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SELECTION SWITCHES
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Figure 1-37. Common Core Memory, Block Diagram
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1.7.1.5. 1 Line Printer. (Sce figure 1-38.)

The buffered line printer acceepts coded signals from the computer and produces printed copy at a rate ol
300 lines per minute on all standard media. The printer is capable of a speed of 360 lines per minute, printing
numeric characters only; it is shared between the computers through the line printer time multiplex unit.  Each
computer transfers data from its memory to the line printer via its input/output bus.

Printing is accomplished with a rotating character drum and a bank of linear motion print hammers,  The
: character drum contains 62 characters, including capital letters and standard symbols commonly used for
| business and mathematical formulas. FEach symbol is repeated 120 times (lengthwise) across the character
; drum to accommodate the line printer capacity of 210 characters per linc.

The character drum rotates at 360 rpm, moving the 62 different characters past cach of the 120 line print
positions. For each character on the drum there is an associated print hammer. At the proper times during
cach line-printing cycle, the seclected hammers impact the paper against a printing ribbon and onto the appropri-
ate character on the drum, thus printing one complete line of the page.

The line printer supplies the interface with control, timing, and character code signals that identify the
character approaching the print position. The interface scans the printer buffer that contains the characters to
be printed, and compares each character with the approaching character code supplied by the printer. Each time
a match occurs, a signal is sent to the corresponding hammer address and the selected hammers are pulsed,
causing the approaching drum character to be printed at the selected positions. This sequence is repeated for
each character until the 120 column locations are printed.

The line printer is connected to the computers through a parallel output channel via a time multiplex unit.
Data transfer occurs with either OTM, OTA, or DMB instructions. The line printer controls and displays
(figure 1-38) are listed, with their functions, in table 1-16.

1.7.1.5.2 Card Punch. (Sce figure 1-39.)

The card punch is connected to the character buffered I/0 channels ol the computers through a time multi-
plex unit.  The card punch can process up to 100 cards per minute, or one card every 600 milliseconds. It is
\iared between the computers by means of the card punch time multiplex unit and is connected to each computer
.iu that computer's character buffer and channel.

The punching operation is divided into four cycles, as follows:

e Feeding. Alter the POWER ON and START switches are pressed, a card is fed into the ready
station and is held there by the die card lever.

e Punching. Upon receipt of a feed and punch command, a card movement mechuanism passes the
card (12th row first, face down) under the line of 80 punches, stopping the card momentarily under
ecach of the 12 rows. At the proper column positions, as determined by the punch code received
from the computer, the card is punched. When a card in the ready station starts its movement for
punching, a second card is fed into the ready station.

o Checking. During the third cycele, the card is fed through the postpunch check brushes and checked
for errors.

Table 1-16.  Line Printer Control Panel, Controls and Displays

Control or Display Function
POWER pushbutton switch Controls main power to printer unit
STAND BY pushbutton switch Places printer in print inhibit mode
SKIP FEED pushbutton switch Advances paper position at fast rate
TOP OF FORM pushbutton switch Positions paper to top of form
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Figure 1-38. Line Printer
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e Stacking. The card is placed on the output stack. After the START button is pressed, the punch
is under control of the computer program; then an OCP "card punch select' signal can enable the
card punch. Computer punch character code transfer is accomplished serially, one row at a time.
For example, the 80 digits in row No. 12 are coded by shifting the code in, column by column,
until the last column contains a "punch' or "no punch' signal. This requires 80 shifts before the
punch strobe for that row. This process is repeated cach time a new row is positioned under the
punches, until all 12 rows have been punched. The computer uses three sense lines from the punch
to monitor its operation, as follows:

SKS 22500 (punch busy) - Present from the time a card is clutched, until approximately
4.0 milliseconds after the last row has been punched

SKS 22501 (ready to punch next row) - Present while punching cach row (approximately
820 microseconds)

SKS 22502 (invalid punch) - Present after every punching error.

The card punch controls and displays (figure 1-39) are listed, with their function, in table 1-17.

Table 1-17. Card Punch Control Pancl, Controls and Displays

Control or Display Function
POWER ON pushbutton Applies line power to internal supplies; lights
switch NOT READY indicator lamp
NOT READY indicator Indicates unit is not ready for operation; lights

when any of following conditions exist:
e Power-on sequence incomplete
e No cards in hopper
e START switch not pressed
e Stacker full

e STOP switch pressed

PUNCH CHECK indicator Indicates card has not been punched

FEED CHECK indicator Indicates failure in card feed, or empty hopper

START pushbutton switch Causes card to be fed into ready station

STOP pushbutton switch Stops operation of unit; lights NOT READY indicator
lamp

RESET pushbutton switch Resets punch and feed-check circuitry; lights

NOT READY indicator lamp

PUNCH CHECK ON Indicates that punch-check circuitry is operating
indicator
RUNOUT pushbutton switch Causes last punched card to be fed to stacker;

clears cards from feed

POWER OFF pushbutton Removes line power from unit
switch
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1.7.1.5.3 Card Reader. (See figure 1-40.)

The card reader is a photoelectric card-reading device 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 circuitry
is monitored automatically between card cycles. Invalid characters are detected during card reading under
operator control. The reader is connected to the I/O 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 reads the 12-bit
character and feeds the code through an alphanumeric decoder. The decoder produces a six-bit coded character,
which is encoded by the interface to a computer-compatible six-bit code. The alphanumeric system permits a
maximum of 80 characters on a card; each card uses 80 computer memory locations. In the binary mode, each
of the 80 card columns contains two 6-bit characters. The reader strobes each column twice: first it extracts
the lowermost six bits of the column (rows No. 9, 8, 7, 6, 5, 4) and sends them to the interface; then the upper-
most six bits are read and transmitted to the interface. This action is repeated for each column. Decoding is
neither required nor performed. A maximum of forty 24-bit computer words can be accommodated on one card.

Two timing modes are also available: continuous and pulsed. In the continuous mode, an OCP signal causcs
the cards to be read until any one of three conditions exists: (1) the end of the file is reached (card hopper is
empty), (2) a fault occurs in the card reader, or (3) a stop code on a card is read. In the pulsed mode, an OCP
"read one card' signal must be received each time a read operation is to take place. The card reader controls
and displays (figure 1-40) are listed, with their function, in table 1-18.

Table 1-18. Card Reader Control Panel, Controls and Displays

Control or Display Function
POWER ON pushbutton switch Initiates power-on sequence and lights NOT
READY indicator lamp
‘ NOT READY indicator Goes$ on when one of following conditions exists:

e Power-on sequence incomplete
e No cards in hopper
e Stacker full
e Read or validity check in progress
e Feed-check in progress
e STOP switch enabled

FEED CHECK indicator Goes on if card is not fed

VALIDITY CHECK indicator Indicates invalid character is sensecd

END OF FILE pushbutton switch Enables processing of cards after last card is

fed from hopper

START pushbutton switch Puts card reader in ready condition and extin-
guishes NOT READY indicator lamp

STOP pushbutton switch Places card reader in not ready condition
RESET pushbutton switch Extinguishes VALIDITY CHECK, READ
CHECK and FEED CHECK light
VALIDITY ON pushbutton switch Causes validity check of each card character
READ CHECK indicator Indicates failure of exciter lamp or circuitry
‘ POWER OFF pushbutton switch Removes power from power supply and
extinguishes POWER ON indicator
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Figure 1-40. Card Reader
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P Bty . . Pt v vk ovorpdue Vav typewrie s oo 1o ccharavier -per -secona revolving -ball
. i ine thal vses o bype head and kKeyboard arrangement intended for use with cach computer.  The typewriter
bas a 15 -inch carriage, with a i3-mch writing line.  The lypewriter ribbon and spool are in a snap-in cartridge
to facilitate replacement.

The typewriter contains machine functions (lop, space, uppercase, backspace, cte.), and coded characters
similar to a standard typewriter.  Communication with the computer uses the binary-coded-decimal format.
The typewriter is connected to the computer via the typewriter interface logic and input/output character
channel. The typewriter interface logic converts the characters into a form suitable for use by the computer
and functions in reversec for data transmitted to the typewriter. Operation of the typewriter is controlled and
monitored by OCP commands and sense lines. Interlock controls inhibit typewriter use, except when selected.
To assist the instructor, the typewriter can:

e Change the variable being recorded on the X-Y plotters or X-T recorders during the freeze mode
e Interrogate and print out contents of any memory location during the freeze mode

e Notify that an error has been found

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

e Print out spccial messages; ¢. g., notify the instructor that the magnetic tape unit requires a new
reel of tape.

The typewriter controls are listed, with their function, in table 1-19.
1.7.2 DATA CONVERSION EQUIPMENT.

The data conversion equipment (DCE) accepts signals transterred between the computer complex and other
LLMS devices and converts them into a form suitable for use in each arca. Input signals from the other LMS
devices are in one of three forms: analog, digital bits, or digital words. Outputs {rom the computers are in
.word-serial, 24-bit parallel words.

Flow of information from the digital computers via the control unit, and to and from individual conversion
devices, is shown in figure 1-42. Data are transferred between the computers and the control unit via the FBC.
Transfer of data is under control of the real-time input/output program, which is initiated 20 times per sccond.

RO R
e W S
W W B

. SMDP - *

Figure 1-41. Sclectric Typewriter
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Table 1-19. Typewriter Controls

Control

Function

Platen control

Line space lever

Paper release lever

Tab control pushbutton
MARGIN RELEASE pushbutton
Tab pushbutton

Keyboard pushbuttons

BACKSPACE pushbutton
INDEX pushbutton

CARRIER RETURN pushbutton
Motor control

Space bar

SHIFT key

SHIFT LOCK

Rotates platen freely in either dircetion
Selects single or double spacing
Enables positioning or removal of paper
Enables clearing or sctting of tabs
Releases right and left margins

Moves carriage to tab setting

Enable typing of standard and special
characters

Moves carriage toward left margin
Permits vertical spacing

Returns carriage to left margin
Activates typewriter

Advances carriage toward right margin
Shifts type to uppercase lettering

Locks shift key in position

The DCE consists of the following:
e Input/output control unit
e Digital bit output equipment
e Digital word output (direct) equipment
e Digital word output (relay) equipment
e Digital bit and digital word input equipment
e Stabilization and control subsystem converter
e Digital-to-analog converter
e Analog-to-digital converter
e Digital-to-resolver converter.

1.7.2.1 Input Output Control Unit.

The input output (I'O) control unit controls the flow of all data between the (DCE) and the computer central
processors. This unit accepts inputs via the 17 lines from cach compuier octal scnse matrix, on which any of
30 combinations of device codes may be transmitied. An OSM register decodes this input by reading the last five
bits of the OSM. A discrete device command is then put on the common DCE control lines.

The decoding and register circuitry of the I/O control unit is initialized at the start of cach problem. Ail
gating logic timing pulscs required for I/0 data transfers are generated within the I/0 control unit. A 1-mc
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Figure 1-42. Data Conversion Equipment, Block Diagram

cryvstal oscillator provides the basic timing pulses to a data sequencer.  Control logic circuitry gates the signals
to the T'O intertace and holding registers. Inpul and output registers hold the data being exchanged, until the
device receiving the data s free to aceept it Output gates are then enabled to pass the data.

When a device s interrogated, a relay counter i the 1O control unit begins to increment a time span inte-
erator. If a “"device ready' reply is not received within 100 microscconds, the pending data transfer is skipped
and an SKS pulse is returned to the computer that originally requested use of the input or output device.  The
170 control unit supplics interrupt signals to the computers when the DCE has successfully completed a data
transfer, indicating to the computers that the next request for data transfer can be honored.

1.7.2.2 Digital Bit Output Fquipment.

’ The digital bit output (DBO) equipment provides 388 tunctional and 101 spare discrete output channels between
he computer complex and the other elements of the LMS.  Data flow (figure 1-43) is made available through con-
tact closures of mercury -wetted relavs,
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Figure 1-43. Digital Bit Output Equipment, Flow Diagram

The digital data output trom the computer is packed as the least significant bit (LSB) in a given data word
stored in the computer core memory. These data words are transferred from the shared memory, through the
FBC, to the IO control cabinet. Though only the LSB is used, the entire word is transmitted over the 24-line
data loop that ties together each of the DCE devices.

The sequence of the DBO equipment (repeated with each subsequent updating) is initiated by a function control
pulse from the I/0 control unit of cabinet No. 50. Receiving a "device ready' pulse in return, the computer out-
put data is fed to the DBO equipment. The LSB is unpacked as each word is received, and scrially loaded into a
shift register. When an internal shift counter reaches 12, the 12 data bits are loaded into a flip-flop storage
register. The data output from the computer is loaded into these serial buffer memories until all discrete sig-
nals have been stored. An address counter then triggers transfer pulses to each of the buffer data stores, trans-
mitting all bits to the individual output relays. This serial loading, storing, and outputting of the digital data is
controlled by a programmed logic device integral with the DBO equipment.

1.7.2.3 Digital Word Output (Direct) Equipment.

The LMS digital word output (direct) (DWOD) equipment provides a data interface between the computer com-
plex and the visual display drive circuitry. There are 32 groups of data, each comprising 16 individual bits. The
digital information is stored in thirty-two 16-bit flip-flop registers. The state of each is sensed by an inverting
amplifier that serves as a buffer with the adjoining visual equipment cabinet. Figure 1-44 is a flow diagram of
the DWOD equipment.

The data control pulse initiates the update sequence by resetting an address counter to channel the incoming
data to the first of 32 registers. The DWOD equipment then sends a ''device ready'' pulse back to the I/O control
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Figurce 1-44, Digital Word Output (Direct) Equipnient, Flow Diagram

miet, The data are strobed to the DWOD equipment in 16-bit parallel bursts, each of which results in a con-
firmation pulse being sent back to the I/0O control unit to initiate the next data flow. As each 16-bit register

is filled, the address counter is incremented by one, to strobe the next data burst into the subsequent register.
The input data are received by the DWOD equipment via the 24-bit common data loop that connects all elements
of the DCE. Logic control circuitry included in the DWOD equipment assures correct sequencing of the data
flow within this output device,

1.7.2.4 Digital Word Output (Relay) Equipment.

The digital word output (relay) (DWOR) equipment is similar to the DBO equipment. The DWOR equipment
differs principally in that the data output from the computer is densely packed, providing 24 signal lines from
each word read out of the core memory. A total of 1,344 channels are available for outputting digital data

. through the DWOR equipment.
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After requesting access to the DWOR equipment (via the I/O control unit) and receiving a "device ready"
confirmation pulse, the computer outputs a series of 56 data words, each 24 bits long, to the DWOR equipment.
To buffer the high data output of the computer with the much slower (5 milliseconds) latching time for each of
the DWOR equipment output relays, a core memory device is used to temporarily hold the digital data. Figure
1-45 is a flow diagram of the DWOR equipment.

A programmer circuit is signaled by the 1/O control unit to reset the address counters and begin accep-
tance of 24-bit data words from the common data bus. These incoming data are gated into the 56 sequential
word addresses (cach 24 bits long) of the ferrite core memory in the DWOR device. When the high-speed data
transfer from the computer to the DWOR core memory is completed, the address counter is reset and the stored
data are sequentially read out to the mercury relays, which are latched up from that point until the next up-
dating sequence.

1.7.2.5 Digital Bit and Digital Word Input Equipment.

This equipment provides an interface between the discrete switch closures of the simulator complex and
the computed simulation programs. Figure 1-46 is a flow diagram of the digital bit and digital word input
equipment. Data are handled in single bit processing (digital bit input), and in data packing of 24 bits handled
in common as a single digital word input (DWI). A total of 576 (508 functional and 68 spare) channels of digital
bit input (DBI) equipment and 8 (7 functional and 1 spare) DWI units are provided. A common control unit
regulates both types of inputs.

A selection register sequences through the input AND gates when the input interrogation command is re-
ceived from the I/0 control unit. Each input bit is serially sensed, and loaded onto the common data loop,
being gated into the least significant bit line. This sequential processing makes it possible to tie the output of
all input gates together through an OR gate delta matrix that terminates in a single signal line (the LSB line).

The DWI equipment is also sequenced; however, in this equipment, strobe pulses enable 24 AND gates
simultaneously, transferring 24 bits to the common data loop as a single word. In processing this section, the
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Figure 1-45,

Digital Word Output (Relay) Equipment, Flow Diagram
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Figure 1-46. Digital Bit and Digital Word Input Equipment, Flow Diagram

bits of similar magnitude in each of the groups are tied together by OR pates, terminating at 1 of the 24 common
data loop lines.

1.7.2.6 Stabilization and Control Subsystem Converter

A special digital processing converter handles the momentary switching status data of the SCS hand con-
trollers. Figure 1-47 is a flow diagram of this converter. Manual translation inputs from the crew are scnsed
by a cet of 12 microswitches. Negative and positive displacement groups are provided for the 2.5° and 10°
positions in each of three axes (pitch, roll, and yaw). For realistic simulation, the hand controller outputs ire
sampled at a higher rate than the normal 50-millisecond cycle time common to the LMS computer complex.

A series of 12 counters, each of six-bit capacity, is tied directly to the 12 hand controller microswitches.
The counters are pulsed by a 1-ke signal generator when a controller switch is closed. In this way, the state
of the counter is analogous to the time integral of the controller inputs. Use of a 1-kc¢ oscillator results in a
control input resolution of 1 millisecond.

I'he hand controller status is made available to the computer complex as discrete switch closures and as
the integrating counter outputs. The discrete switch contacts are also tied to controller position displays at
the instructor console. When the discrete switch status is interrogated by the computer, the I/0 control unit
sends a function pulse followed by a series of data strobes that sequentially gate each of the 12 switch lines

<

‘h. the 24th bit of the common data loop bus.
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Figure 1-47. Stabilization and Control Subsystem Converter, Flow Diagram

When the status of the 12 integrating counters is to be accessed, the 1/O control unit outputs gating pulses
that dump the six bits of each counter onto lines No. 19 through 24 of the common data loop. The channel
counter then advances to the next six-bit register and dumps its contents onto two data loop lines. 1In this way,
all 12 counters are read out during the normal 50-millisecond machine computation cycle.

1.7.2.7 Digital-to-Analog Converter.

The basic concept of D/A conversion in the LMS computer complex is a scheme of averaging pulse-width-
modulated signals. The digital data drives a flip-flop power switch back and forth between +10 and -10 volts.
The gating is done on a time-weighted basis, the most significant bits holding the output voltage in one or the
other state longer than the less significant bits. The algebraic sum of these plus and minus voltage excursions
results in a time-integrated total voltage output that remains as the final output signal. Figure 1-48 is a flow
diagram of the digital-to-analog converter.

The digital data is fed to the DCE on the 24-line common data bus. On.command from the I/O control unit,
320 data words are sequentially gated onto the D/A conversion bus; they latch up a transfer register. Only 11
bits, plus the sign bit, are transferred from the common data bus. A core memory storage device holds the
320 data words while they are processed through the conversion equipment, because the computer output data
must be transferred at a very high rate to clear the DCE data buses for other 1/0 operations.

Before loading into the buffer core memory of the D/A converter, the input data is examined and the trans-
fer register outputs are set up to accomplish the following data transformations

e The sign bit is inverted.

e If the sign bit is negative, the complement of each data bit is gated from the transfer register
into the buffer core.
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Figure 1-48. Digital-to-Analog Converter, Flow Diagram

e Three of the transfer register {lip-flops (sign bit and two MSB) are each gated into pairs of cores
in the buffer memory.

The logical control circuitry then gates the transformed 12 bits of digital data into the buffer core. This
core memory is an off-the-shelf unit with a capacity of 512 words, each 15 bits long. Three of the 12 data bits
are repeated. The updating data from the I/O control unit consists of 320 words transmitted in a rapid serial
sequence. When the buffer has accepted all 320 words in the output data burst, a readout cycle is begun, at a
much slower rate, to transfer the digital data into a special-purpose, dual-aperture, ferrite-core storage
device that includes a nondestructive memory feature.

The buffer core data are loaded into the dual-aperture core in a sequence of 320 words; the 15 bits of each

.Wm'd are gated in parallel. The dual-aperture core consists of dual 256 word units (15 bits per word) of which
only 320 words are used. The dual-aperture design of each ferrite-core makes it possible to pulse the core

and read out the data without completely destroying its magnetic state. A half-current repriming pulse brings
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cach readout bit previously set to a 1 back to its saturated state; previously 0 cores do not react Lo this hali
normal drive current.

The sequence in which the data are read out from the dual-aperture core is given in table 1-20. The control
logic unloads the core data in a bit-sequential, word-parallel mode. The sign bit of all 320 words is gated out
simullaneously. The initial enable pulse for this bit lasts for 1,024 microseconds. Thereafter, each of the
less significant bits are read out, being gated for descendingly shorter spans; each bit is enabled for only one
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 word again.

The digital output of the dual-aperture core is carried on parallel signal lines to 320 sense amplifiers that
drive an equal number of bilevel, flip-flop voltage sources. This level-switching circuitry swings between
+10 and -10 volts. The output of the bilevel voltage source is conducted through an averaging filter network.
The signals fed to the D/A output networks are in the form of a continuous pulse-width-modulated data train.
The most significant bits in each digital word converted appear as long pulses (+10 or -10 volts de) followed by
descendingly shorter pulse widths for each less significant bit., As each digital word read sequence is com-
pleted (4 milliseconds), the cycle is repeated; a continuous data stream is fed to the averaging filters. The
time constant of these filters yiclds a smooth output signal on each of the 320 (241 functional and 79 spares)
D/A channels, free of iterative fluctuations.

Table 1-20. Digital-to-Analog Serial Data Bit Read Sequence

Pulse Width Cycle Time
Bit Position (usee) (usec)

+20 1,024 1,024
21 512 1,536
2-2 256 1,792
oR 2 1,794
2-10 2 1,796
59 4 1,800
3 8 1,808
271 16 1,824
2-6 32 1,856
57° 64 1,920
9~4 128 2,048
2-3 256 2,304
9~2 256 2,560
2! 512 , 3, 082
«20 1,024 4,096

* = Sign bit

R = Roundolf bit.
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‘1. 7.2.8 Analog-to-Digital Converter.

There are 64 channels of analog-to-digital (A/D) conversion equipment in the LMS, with a growth potential
to 160 channels. The conversion scheme is based on a comparative process in which an internally generated
voltage is compared with the incoming analog signal. The internal signal is adjusted, digitally, until the two
voltages are alike, at which time the digital word required to generate the matching internal voltage is gated to
the computer complex. Figure 1-49 is a [low diagram of the A/D converier,

After an input command signal is sent from the I/0 control unit and a4 confirmation pulse is returned from
the A/D converter, an address counter is reset to initiate input signal gating to a multiplexer. This unit
sequentially selects each of the 64 input lines and connects it to a holding amplifier. The signal level of the
input line is captured by the amplifier. The amplifier output provides a stable voltage source for the comparator
circuit during the conversion process.

The comparison circuit includes an internal ladder network voltage source, excited by a very stable power
supply. This ladder is lalched up sequentially 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 captured by the holding amplifier. As each ladder "'rung' is switched, the
output of a comparator (differential amplifier) is sensed and the switch is reset or left latched, depending upon
the relative magnitude of the two signals.

When the last bit (LSB) of the ladder network has been sampled by the comparator, a gating pulse dumps
the contents of the ladder network latching register on the 11 most significant lines of the common data bus.
The sign bit as sensed 1n the converter, is also gated out the 24-line data bus at this time. A pulse is then
sent to advance the multiplexer address counter and thus initiate another conversion cycle by sampling another
input analog siginnal line.

1.7.2.9 Digital-to-Resolver Converter.

The digital-to-resolver (D/R) converter is a self-contained, solid-state, modular, rack-mounted device.
It accepts binary angle data from the computers and converts it to resolver form. The converter can drive a
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Figure 1-49. Analog-to-Digital Converter, Flow Diagram
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resolver at 11.8 or 22.4 volts, line-to-line, with a static accuracy of 1.32 minutes of arc. Fivure 1-530 i€
block diagram of the D/R converter.

The 14 (12 functional and 2 spares) lines of input data from the computer are delivered to inverters that
create complements and actl as buffers that drive the following circuitry, Inverter outputs for the first two bits
of information and their complements are fed to the quadrant selector. The quadrant sclector computes the
quadrant in which the angle is located, by determining the polarity of the sine, cosine, and interpolation refer
ence potentials. The output of the quadrant selector is fed to the transformer switches, which switch the in-
verting section of the analog transformers.

The inverter output for the second through fifth bits, and their complements, are fed to the sector selector.
The sector selector changes the data from binary form to a 16-count form (0 to 15). The output of the sector
selector is fed to the trigonometric translator. This section converts the data received from the sector selector
to a form compatible with the transformer taps being switched. These data are fed to the level converter, which
distributes them to the transformer switches. These switches select the trigonometric analog transformer tap
required for the analog programmed.

The inverter outputs for the last nine bits of information, and their complements, are fed to the least
significant digit (LSD) translator section. This section changes the binary data to a four-count form (0, 1, 2,
and 3) by using successive pairs of binary bits. The outputs of the LSD translator are then fed directly to the
solid-state transformer switches, which program the interpolation section of the analog transformers to the

desired setting.
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' Ihe ancillary funectional group consists of the LMS power equipment, air-conditioning, and cabiing, dis-
cussed in the paragraphs 1.8.1 through 1.8, 3.

1.8.1 LMS POWER.

The LMS is designed for connection to 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 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 LLMS main power supplies and associated 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 system, the 1,000-ampere master circuit breaker, the circuit breakers for
each major 115-volt a-c power bus, and the 400-cycle motor-generator set. Power cabinet No. 2 (37) houses
only circuit breakers, among them the 300-ampere circuit breaker unit (100 amperes per phase) for the 115-
volt a-c visual system supply and circuit breakers for branch lines off the main power buses. Power unit (51)
contains two digital 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 monitoring instruments for power distribution within the EVDE subsystem. Power cabinet No. 3
(38) is used to apply and monitor power to the LMS. It contains the switch lights for the major subsystem
circuit breakers, running-time meters to monitor the operating 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 800-cycle power, and an autosequencer that delays startup of each sub-
system to avoid current surge and to ensure dependable power interlock. The power cabinets are centrally
located within the LMS complex to minimize voltage drop, reduce electromagnetic pickup and radiation, and
maintain good d-c voltage regulation. Figure 1-51 is a block diagram of the LMS power system.

LMS power requirements for individual major subsystems are listed in table 1-21. The total power con-
sumption, with the LMS operating under normal spaceflight conditions and with all equipment turned on, is
254. 7 kva; the current per leg is given in table 1-22,

. Table 1-21. LMS Power Requirements -
External visual display equipment 100 kva
Computer complex 43 kva
Digital conversion equipment 25 kva
400-cycle motor-generator 30 kva
Life support equipment 25 kva
Utility 15 kva
Peripheral equipment 16.7 kva
E Data recorders 3,500 va
Tape Recorder 100 va
Floodlight 600 va
Synchro resolver/driver 2,000 va
Landmass simulator 3,000 va
D-C power supplies 7,500 va
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Table 1-22. Estimated Loads Per Phase

Phase 1 Phasc 2 Phase 3

Equipment (amperes) | (amperes) (amperes)
Peripheral 40 40 40
Life support 26.5 28.2 26. 4
Digital conversion equipment 43 43 43
400-cps motor-generator set 38 38 38
Computer complex 95 95 95

Total 242.5 244.2 242. 4

° The EVDE will have a balanced load of 100 kva.

° Two compressors will maintain pressure to life
support equipment.

e The 400-cps motor-generator set is considered 50%
efficient.

When properly connected, LMS performance is satisfactory over a nominal +8% range at 120 and 208 volts
ac without changing transformer taps. Performance is satisfactory with a steady frequency of 60+1.8 cps with
a voltage and cycle recovery rate of 3 seconds. With the simulator in normal operation, the load on each phase
is balanced as closely as possible, with an unbalanced current on any one leg not greater that 15% of the average
of the three-leg currents.

The power factor is not less than 85% and has the same value in each leg. The maximum power required
does not exceed the design capacity of the power supply rating. All power sources, except the 400-cycle supply
and certain self-contained integral assembly supplies, are solid state. All supplies are continuously monitored
automatically for overvoltage and overcurrent; all circuits are adequately protected by circuit breakers to
avoid line or subsystem failures.

1.8.1.1 Controls and Displays.

The LMS main power panel controls and displays (figure 1-52) are listed, with their function, in table 1-23.
The controls are used to apply or remove power or to increase or decrease power to the LMS subsystems.

1.8.1.2 Power Distribution.

The LMS power is divided into two independent distribution systems: simulator power and utility power.
1.8.1.2.1 Simulator Power.

Simulator power, supplied via the main circuit breaker, can be turned on or off with the breaker. The
secondary side of the breaker supplies the main power buses. From the main power buses, power is distrib-
uted to six groups of bus bars; each group supplies power to a subsystem within the LMS. These subsystems
provide a logical distribution of simulator power. A circuit breaker between the main buses and each sub-
system bus provides system protection; a contactor enables individual subsystem turn-on via the sequencing
control circuits.

1.8.1.2.2 Utility Power.

The utility power system is independent of the main circuit breaker used to supply simulator power. The
utility buses have a separate circuit breaker, making them totally independent of the rest of the system. Power
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Figure 1-52. LMS Main Power Panel

SMDP-161

1-123




LMAT790-2-LMS

Table 1-23. Main Power Panel, Controls and Displays

P

Control or Display

Function

°

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

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 400-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.

1.8.1.3 Power Sequencing.

o 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
equipment. 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 instructor 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. -

1.8.1.5 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 (FDAI'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 equipment 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 circuit 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
broken down as follows:

e Primary input

e Reference supply

e Preregulator

e Series regulator

e Comparator and error amplifier

e Overvoltage protection.

Input power is obtained through transformers, enabling the supply to operate with 120- or 208-volt a-c
power sources, depending on jumper connections. The input circuit provides stepped-down ac for rectification.

The reference 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.

REFERENCE
GENERATOR COMPARATOR
AC
AC
INPUT| POWER
INPUT AND o
RECTIFIERS ahnon
SERIES )
PREREGULAT o-c
ULATOR REGULATOR OUTPUT
SHORT-CIRCUIT OVERVOLTAGE
L »
PROTECTION PROTECTION

‘ SMDP-162

Figure 1-53. Typical Transistorized Power Supply, Block Diagram
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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 accomplish
this, silicon controlled 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 resistor in parallel with the series pass transistors dissipates
power within the series pass circuit under no-load conditions.

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, caused 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
controlled 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, air-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 is fed to the top of circuit breaker CB2. From this point, the utility power is fed to fuses and circuit
breaker CB1; 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: TBI,
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 is described for one system only; routing is identical for the remaining three. A
cable fed from each bus (TB1, TB2, and TB3 in unit No. 36) is routed across the bay to the top of circuit
breaker CB1. These cables are then routed from the bottom of CB1 to contactor K1. From K1, the cables,
along with a neutral cable, are routed 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 TB1, TB2, TB3, and TB4. From
there, cables are routed to peripheral equipment.

1.9 INSTRUCTOR CONSOLE - CONTROLS AND DISPLAYS. (See figure 1-4.)

The general layout of the controls and displays maximizes instructor capability to control and monitor.

The repeater controls and displays are in the center console, directly in front of the instructors. The
guidance computer keyboard display is in the same relative position as in the LM. The time displays are in
the upper corners of the center console, within each instructor's line of sight. The corner segments of the con-
sole house the malfunction controls and displays. A malfunction insertion unit (MIU) is provided; separate
circuit breaker failure panels are located to simulate the location of the actual circuit breaker panels in the LM.
Controls that are used infrequently are on the left and right outboard consoles. The position indicator-recorder
unit and the EVDE monitors are mounted on top of the center console; they are tilted forward to provide a
viewing area perpendicular to the instructor's line of sight.

An instrument malfunction indicator light adjacent to each repeater instrument goes on when the related
instrument fails. A TRUE READING switch in each functional group of instruments enables the instructor to
read the true value of a failed parameter. The repeater indicators and displays are identical 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:

e Master controls

e Data acquisition system controls
e True trainee environment controls
e 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 EVDE VIDEO SELECT panels permit
selection of the astronaut's EVDE-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, respectively. 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 repeater is also provided at the telemetry console to keep the Telemetry Instructor informed as to mal-
function status.

. The 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 OVHD.
1.9.1 CONSOLE LIGHTING PANELS. (See figure 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.

1.9.2 CONSOLE COMMUNICATION SYSTEM (CCS KEYSET) PANELS. (See figure 1-55.)
The console communication system provides voice communication for the simulator complex, as follows:
e Conference capability among operational positions of the simulator complex
e Communication between flight crew station and instructors

e Communication between the simulator complex, Mission Control Center (MCC), and other
locations via interface with existing communications systems

. e Communication between the LMS and the AMS

e Communications between instructors and support personnel
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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 on all keys associated with the loop and 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 yellow 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 COMMUNICATIONS 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 System (CCS Keyset) Commander's
Instructor and Systems Engineer's Instructor Panels, Controls (cont)

Control

Function

LMS INT-C talk/listen and
monitor keys

LMS USB talk/listen and
monitor keys

LMS ASTRO-1 talk/listen and
monitor keys

LMS ASTRO-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

M. A. key

BUZZER CUT-OFF key

RING key

RELEASE key

Provide conference capability via simulated LM
intercommunications loop between LMS personnel,
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 between telemetry
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 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, and monitoring of loop

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 after appropriate talk/

listen key is pressed

Releases established talk/listen key
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Table 1-26. Console Communications System (CCS Keyset) Mission

Coordinator's Panel, Controls

Control

Function

.

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

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
communication s 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 personnel (communications
loop 2)

Provides conference capability via simulator
telemetry communications loop between Telemetry
Instructor and simulator control area (SCA)
personnel, and monitoring of loop

Provide conference capability via simulator coordi-
nator communications 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

M. A, key

BUZZER CUT-OFF key

RING key

RELEASE key

Provides conference capability via transfer loop 3
between LMS instructors, LMS Mission Coordinator,
and AMS instructors

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 after appropriate talk/

listen key is pressed

Releases established talk/listen key

Table

1-27, Communications Control Panels, Controls

Control

Function

TALK/LISTEN 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)

Accepts plug-in headset/microphone combination
Acepts plug-in monitor headset

Adjusts volume of sound in headset

Selects CCS or monitor loop

Selects astronaut No. 1 loop, astronaut No. 2 loop,
or both astronaut-monitoring loops

Selects CCS or backup loop

Adjusts volume in backup loop

The EMERGENCY panel enables removal of primary power from the EVDE and LMS complex.
of the EMERGENCY panel are listed, with their function, in table 1-28.

Table 1-28.

1.9.4 EMERGENCY PANEL. (See figure 1-57.)

EMERGENCY Panel, Controls

Control

Function

EMER STOP switch

EVDE STOP switch

Pressing switch removes primary power, except 115-
volt, 60-cps utility power, from trainer.

Pressing switch removes primary power from EVDE.

The controls
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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
VOLUME control Control varies level 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 figure 1-58.)
The SIMULATOR STATUS panel displays major subsystem power status, EVDE power and probe limits,

and computer status. The displays of the SIMULATOR STATUS panel are listed, with their function, in table
1-30.

. A
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Figure 1-58. SIMULATOR STATUS Panel

Table 1-30. SIMULATOR STATUS Panel, Displays

Display Function

MAINT indicator When illuminated, indicates primary power is off and
maintenance is in progress

POWER indicators

UTILITY OUTLETS When illuminated, indicate primary (60-cps) power
available to major subsystems of LMS

LIFE SUPPORT
400 ~ MG
COMPUTER
DCE

PERIPH

EVDE

400 ~ LOAD
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Table 1-30, SIMULATOR STATUS Panel, Displays (cont)

Display

Function

EVDE indicators

SUBSYSTEM POWER OFF

PROBE LIMIT

COMPUTER indicators

LOADING

READY

FAULT

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)

Illuminated when R/D or L/A optical probes actuate any
of their limit switches

When illuminated, indicates that computer peripheral
equipment (magnetic tape units, card reader, etc) is
being used to load computers; goes out when loading is
complete

Illuminated when computer is not being loaded (LOADING
indicator light is off) and DCE is connected to computer

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.)

The INTERFACE CONTROL panel provides the capability of interface operation 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

1.9.8 PROBLEM CONTROL PANEL.

(See figure 1-59.)

The PROBLEM CONTROL panel is used to establish operational phases in the running of a mission program

and to select and display initial conditions.
listed, with their function, in table 1-32.

The controls and displays of the PROBLEM CONTROL panel are

Table 1-32. PROBLEM CONTROL Panel, Controls and Displays

Control or Display

Function

READY/RUN light
switch

Pressing pushbutton causes computer to go into run
mode. READY light goes on when switch is actuated.
RUN light goes on when next minute pulse is received.
Problem begins at value of existing condition. For ex-
ample, after pressing FREEZE pushbutton, instructor
can use READY/RUN switch to "thaw' problem.
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Table 1-32. PROBLEM CONTROL Panel, Controls and Displays (cont)

Control or Display Function

Problem then continues from conditions that exist at

time of freeze. However, if instructor wishes to resume
value of INITIAL COND thumbwheel setting, he can do

so by pressing RESET switch before READY/RUN switch.

FREEZE light switch Causes computer to enter freeze mode. In freeze mode,
integration and time-varying functions are held constant.

FAST TIME light switch Causes computer to go into speed 32 times real time.

(step ahead) Switch permits instructor to hasten routine parts of
mission.

CMPTR STORE light switch Causes computer to store initial-condition type of data

that exist when switch is actuated. Initial conditions are
stored in computer core.

L/A IMAGE LEFT/RIGHT Permits switching landing and ascent image from left
light switch window to right window. (MEP is switched at same
time, providing image for opposite window. )

INITIAL CONDITIONS light Establishes one of several available initial conditions to
switch 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.

RESET light switch Enters initial condition requirement into computer. When
actuated, RESET light and FREEZE light go on simulta-
neously. After initial conditions are transferred from
magnetic 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 resets recorder modes, initial
conditions, malfunctions, etc, as appropriate. Expend-
able items such as tape cartridges are replenished, as
necessary.

1.9.9 LIGHTING PANELS. (See figure 1-60.)

Two LIGHTING panels (one for the Commander; the other, for the Systems Engineer) contain repeater
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 electroluminesc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>