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ABSTRACT
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simulator for training purposes. This volume provides an instructor
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FOREWORD

Paragraph 10. 6 of Exhibit I to Contract NAS9-150 specifies
that NAA shall provide a trainer instructor handbook that supports
NASA conducted training associated with the Apollo Mission Simu-
lator. This book is Volume I of a two-volume instructor handbook
in compliance with the exhibit, The contents of this handbook is
based on the Spacecraft 012 configuration established for simulator
design data purposes at the Simulator Preliminary Design Review of
August 19, 1965, Mission data used in preparing this handbook was
that provided for Apollo Mission 204A in MSC Internal Note 65-FM-58
of April 26, 1965, A previous and preliminary edition of the hand-
book was addressed to the simulator initial delivered configuration .
and Apollo Mission 204A as defined in MSC Internal Note 65-FM-16.
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VOLUME 1

INTRODUCTION

The purpose of this instructor handbook is to provide detailed instruc-
tions for using the Apollo Mission Simulator (AMS) to train flight crew
personnel for Apollo Mission 204A. The handbook is comprised of two
volumes. This volume (Volume I, Description and Utilization) describes |
the AMS and provides a recommended plan for using the AMS to train
Apollo flight crews. Volume II (Instructor Workbook) provides instruc-
tions for operating the simulator and contains the material for making up
a complete instructor-operator data package for each training session in
the syllabus. Volume II is loose-leaf bound to permit removal of contents
for copying.

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

Section 2 (Simulator Systems) contains illustrated descriptions of the
simulation of spacecraft dynamics, in-flight visuals, and each spacecraft
system. Each spacecraft system discussion is supported with a spacecraft
system flow diagram in which the simulated malfunctions and telemetry
points are depicted.

Section 3 (AMS Utilization) describes the nominal training mission
to be used as a training media for the AMS, explains the use of the Apollo
Operations Handbook (SM2A-03) in accomplishing the nominal mission,
and defines the recommended syllabus of training. The nominal training
mission is three orbits (with variations) that include situations and events
equivalent to all significant aspects of the planned Mission 204A. All
sessions in the syllabus are with direct respect to the nominal training
mission.

xxi /[ xxii
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SECTION I

DESCRIPTION

GENERAL DESCRIPTION.

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

The AMS is a fixed base training device capable of simulating the char-
acteristics of space vehicle systems performance, flight dynamics, and aural
and visual effects during flight. In addition to normal spacecraft operation, the
AMS is capable of simulating degraded or malfunctioned system performance.
The AMS provides training for flight crews in the operation of spacecraft
systems, space navigation, and crew procedures for mission operation.

Simulation is accomplished by means of solution of spacecraft math
model problems in three specially programed, general purpose, digital com-
puters. An illustration of the simulator, as installed at MSC, is provided in
figure 1-1. The computer area is shown at the right in the figure, the
instructor-operator station is in the center, and the left foreground shows the
command module and related visual simulation equipment.

Instructor observation and control are performed at the Instructor-
Operator Station (IOS) by means of repeater displays, controls, and recorders.
Monitoring and faulting of telemetry data prior to transmittal to Manned
Spacecraft Control Center (MSCC) is accomplished via a telemetry console.

The AMS has two operational modes, nonintegrated and integrated. The
nonintegrated mode provides flight crew training utilizing personnel at the IOS
acting as ground site and MSCC personnel in addition to their normal crew
monitor and control tasks. The integrated mode provides flight crew training
- coordinated with the operating personnel of the Manned Space Flight Network
and the Mission Control Center.

There are two complete simulators, AMS No. 1 located at MSC,
Clear Lake, Texas, and AMS No. 2 at KSC, Cape Kennedy, Florida. Con-
figuration of both simulators is essentially the same with the only significant
difference being in facility and equipment arrangement. AMS No. 2 does not
include the Waste Management Support assembly which contains storage tanks,
filters, blowers, etc., and associated plumbing required for waste
management control.
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Figure 1-1. Apollo Mission Simulator
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1.1.2.1

1.1:2.2

1.4.2:3

MAJOR UNITS AND SYSTEMS.

The physical arrangement of the AMS equipment at MSC and KSC is
depicted in figures 1-2 and 1-3. Table 1-1 identifies each unit and its function.
The AMS is comprised of the following systems which are described in further
details in subsequent paragraphs.

Simulated Command Module
Simulated Flight Environment
Instructor-Operator Station
Computer Complex
Peripheral Equipment

Data Conversion Equipment

FACILITIES AND UTILITIES.

The AMS accommodates an area of approximately 50 x 100 feet. The
maximum height of the AMS is approximately 28 feet when the telescope is
mounted on its structure. Subflooring is used in the instructor-operator and
pooled computer areas to accommodate cabling and also acts a plenum for
cooling air to the equipment.

Power Requirements.

The AMS operates from a 300-kva 60-cycle 3-phase 4-wire 120/208-volt
a-c source. In the event the input voltage level drops below 105 volts, the
computer complex enters a ""hold'" mode interrupting the training session.
The facility power is distributed into two groups, simulator power and utility
power.

Utility Power.

The utility power is completely independent from the simulator power
and provides the requirements for maintenance and testing. The utility power
available is 208-volt 60-cycle 3-phase; 115-volt 60-cycle 1-phase; and
+26 volts dc. This power is distributed to all convenience outlets in the AMS,
the cabinet overheat warning system, the SCM emergency lights, power
sequencing, the vertical insertion system, the power status light, and the
closed circuit television system.

Simulator Power.

The simulator power is routed through a main circuit breaker to six
main branches:

Life support
Motor-generator (400 cycle)
Computer complex

Data conversion equipment .
Peripheral
Visual
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Table 1-1. AMS Equipment Arrangement

Unit No.

Unit Name

Description

POOLED COMPUTER AREA

57

58

60

31

53

54

51

48

52

50

49

49B

59

55

50B

50A

49A

28

44

41

47

43

46

45

Line printer

Card reader

Card punch

Paper tape reader and punch
Magnetic tape units 1 and 2
Magnetic tape units 3 and 4
DDP 224 (system E)

Shared peripheral

Shared access distribution unit

DDP-224 (system D)
DDP-224 (system C)
Peripheral interface unit

Peripheral interface unit

Intercomputer communication unit

Time multiplex unit

Peripheral interface unit

Peripheral interface unit

Peripheral interface unit

Peripheral cabinet, data conversion
equipment (DCE)

Peripheral cabinet, malfunction inser-
tion unit (MIU)

Peripheral cabinet, digital bit input
Peripheral cabinet, integrated up-data
link (IUDL), computer-to-computer

buffer

Peripheral cabinet, control box A

Peripheral cabinet, control box B

Interface cabinet, data conversion
equipment

Contains two 4K common memories and fully buffered
channel.

Contains multiplexing equipment used to combine computer
memories into integrated multiprocessing system.

Contains 16K memory module.

Contains extended memory and direct memory access (DMA)
unit for computer E. :

Contains switching logic which provides means for intercom-
puter data transfer.

Contains switching logic which permits simultaneous commu-
nication between computers and peripheral devices.

Contains 8K memory module.

Contains extended memory and direct memory access (DMA)
unit for computer D.

Contains extended memory, direct memory access (DMA) unit,
and fully buffered channel for computer C.

Contains SCS hand control electronics providing hand control
inputs to computer and G&N word buffer which permits com-
puter interface with PCM-TM encoder.

Contains logic cards, relay cards, and power supplies which
provide entry of malfunction codes ‘to computer.

Contains logic cards and power supplies which provide for
entry of single-bit switch closures to computer.

Contains circuitry and equipment which provide data tie-in
with integrated mission control center (IMCC) and computer-

to-computer data transfer.

Contains circuitry and equipment which direct signals between
computers and all other data conversion units.

Same as .unit 43,

Contains cabling and connectors used as a patch panel between
data conversion equipment and remainder of simulator.
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Table 1-1. AMS Equipment Arrangement (Cont)
Unit No. Unit Name Description
81 Peripheral cabinet, digital word input Contains circuitry and equipment which provide for entry of
(DWI), central timing equipment (CTE) multi-bit words to computer and transfer of central timing
data.

42 Peripheral cabinet, digital bit output Contains circuitry and equipment which provide for output of

(DBO) single bits from computer to simulator.

82 Peripheral cabinet, digital bit output Same as unit 42.

(DBO).

65 Peripheral cabinet, digital word out- Contains circuitry and equipment which provide for outputs of

put, relay (DWOR) multi-bit words from computer to simulator.

66 Peripheral cabinet, digital word out- Same as unit 65.

put (DWO)

67 Peripheral cabinet, digital-to-analog Contains circuitry and equipmentused to convert digitalinfor-

converter mation to analog information for display use.

68 Peripheral cabinet, digital-to-analog Same as unit 67.

converter

75 Peripheral cabinet, digital-to-analog Same as unit 67.

converter

84 Peripheral equipment

94 Peripheral equipment

77 Peripheral cabinet, DCE Contains analog-to-digital (A/D) converters and digital-to-
analog (D/A-F) (fast) converters which are used to converter
analog signals to digital information and vice versa.

56 Peripheral cabinet, DCE Contains analog resolver (A/R) units which accept analog sig-
nals from digital-to-analog (D/A) converters and drive
synchro resolvers and control transformers, primarily in
instruments.

40 Switching cabinet (guidance and navi- Contains relay logic cards and circuitinterrupter cards. Unit

gation) drives digital displays in IOS. Unit contaihs relays that are
associated with command module, stabilization control system
(SCS), inertial measurement unit (IMU), Greenwich mean time
(GMT), and computer control system.
39 Switching cabinet (in-flight test sub- Contains amplifiers, filters, relays, and network cards. Unit
system and voice communications) simulates audio signals representative of radio frequency,
VHF/AM, S-band communication systems, interphone sys-
tem, astro loops (to GSE umbilical), and the emergency key.
34 Peripheral cabinet (up-data link tele- Contains relay cards, network cards, and 400-cycle inverter.
metry and simulation of digital Provides information for telemetry and 400-cycle power to
command system) data storage unit in C/M.

30 Telemetry cabinet 1 Contains line drivers, associated power supply, pulse code
modulation fault controls, attentuator, and monitor test shelf.
Unit accepts system faulting control signals from computer
and IOS to provide for systems faulting.

76 Peripheral cabinet, biomedical Contains GFE biomedical tape recorder used to supply bio-
medical signals to PCM telemetry system.

32 Power cabinet 1 Contains meters, switches, bus bars, contactors, motor
starters, circuit breakers, and main power control panel.
Provides power to complete simulator.

33 Power cabinet 2 Same as unit 32.

37 Power cabinet 3 Same as unit 32.
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Table 1-1. AMS Equipment Arrangement (Cont)

Unit No.

Unit Name

Description

36

35

38

80

63

TELEMET

Servo cabinet

Peripheral cabinet (switching)

Peripheral cabinet (aural simulation)

Switching cabinet

Peripheral cabinet, DCE

RY CONSOLE

29

Telemetry console

RECORDERS AND PLOTTERS

Contains servos, servo amplifiers, network cards, and power
supplies. Unit provides signalsto drive instruments and dis-
plays in C/M and IOS.

Contains crystal can relays, mercury relays, and power
relays. Unit provides information to magneline indicator in
I0S, sequence control group, emergency detection system,
and caution warning system (CWS).

Contains audio mixer preamplifier, power amplifier, noise
generator, voltage controlled attenuator, andfilter plus asso-
ciated power supplies. Simulates noise representing booster,
escape, and aerodynamic effects during launch and reentry.

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

Contains digital resolver units (D/R) which accept digital
words and provide output signals representing analog
functions that drive displays using 400-cps power as input
signals.

27 X-Y plotter
26 X-Y plotter
25 X-T recorder 3
24 X-T recorder 2
23 X-T recorder 1
73 Rendezvous window 4 equipment Contains electronics for celestial sphere, mission effects
cabinet projector, sun shafting, and associated power supplies. Unit
provides necessary signals for infinity image system display.
72 Rendezvous window 4 equipment cabinet Same as unit 73,
71 Landing window 5 equipment cabinet Same as unit 73,
70 Landing window 1 equipment cabinet Same as unit 73.
10 Telescope mission effects projector Contains electronics for MEP, celestial sphere, and associ-
(MEP) equipment cabinet ated power supplies. Unit provides signalsto simulate visual
display in conjunction with telescope.

9 Sextantandtelescope equipment cabinet Contains electronics for shaft and trunnion angle readout,
sextant, telescope, and associated power supplies.

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

7 Visual equipment cabinet Contains video monitor, video slide pickup, camera control

maintenance control panel, sync generator, and associated
power supplies. Unit controls TV pickup for rendezvous and
docking modelhouse, and video display presentation for G/M.
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Table 1-1. AMS Equipment Arrangement (Cont)

Unit No. Unit Name Description

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

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

11 Rendezvous and docking house Contains model of target vehicle, TV camera equipment, and
drive system for target vehicle. Provides C/M with visual
display of simulated target vehicle during rendezvous and
docking maneuver.

INSTRUCTOR STATION

14 IOS console 1
15 IOS console 2
16 IOS console 3
17 IOS console 4
18 IOS console 5
19 IOS console 6
20 IOS console 7
64 Camera control unit Contains controls andelectronics associated with cameras for
closed circuit television system.

3 Compressor cabinet Contains equipmentto furnish air supply forlife system equip-
ment in C/M.

4 Interface cabinet Contains connectors, jumper wires, and terminal boards used
for patching signals to SCM and IOS from other simulator
cabinets.

SIMULATED COMMAND MODULE
5 Window optical assembly Contains relay mirrors, lens, and other optical imaging

devices that form infinity imaging system for left-hand land-
ing window and window 1. MEP is included as part of
assembly.

89 MEP power supply Provides power for MEP associated with unit 5.

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

91 MEP power supply Provides power for unit 85.

85 Window optical assembly Same as unit 5, except for right-hand rendezvous and docking
window, and window 4.

92 MEP power supply Provides power for unit 86.

86 Window optical assembly Same as unit 5, except for right-hand landing window, and
window 5.

90 MEP power supply Provides power for unit 83.
88 MEP power supply Provides power for unit 13.

13 Telescope
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Table 1-1. AMS Equipment Arrangement (Cont)

Unit No. Unit Name Description
12 Sextant
1 Apollo mission simulator command
module
2 Command module base

EXTERNAL EQUIPMENT

69 400-cycle motor-generator Provides 400-cycle power for simulator.

87 Air compressor Provides air supply for cooling of MEPs.

1-8
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Figure 1-2. AMS Equipment Arrangement, MSC, Clear Lake, Texas
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AMS Equipment Arrangement, KSC, Cape Kennedy, Florida

Figure 1-3.
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Switching of power to these branches is accomplished by one of two
modes, sequential or manual. In the sequential mode, power is controlled by
two switch lights on the main power control panel which, when activated,
applies power immediately to the life support group and then to the other
branches in 10-second intervals. In the manual mode, power is controlled by
individual system switch lights.

A 20-kva, 400-cycle motor generator powered by the 120/208-volt
60-cycle a-c source provides the 400-cycle single-phase power requirements
for the AMS. The motor generators are located externally to the immediate
AMS complex area.

1.1.2.4 Air Conditioning.

Filtered conditioned air at a temperature of 68+5°F at relative humidity
is supplied by the facility. Each cabinet unit, excluding the computers, the
IOS, and portions of the visual equipment, is equipped with temperature sensors
which alert the operating personnel when excessive temperature exists in one
or more units. Warning horns located at the IOS and in cabinet 34, an overheat
warning light at the IOS simulator status panel, and warning lights at the
affected cabinet are activated when an overheat condition occurs.

1.1.2.5 Compressed Air.

Two sources of compressed air are available for the AMS. A 25-hp
compressor located externally to the simulator area provides cooling air to
the mission effect projector (MEP) units.

Unit 3 houses four air compressors, which provide air at a pressure of
between 25 and 35 psig for the pressure suit system, the water system, and
for the operation of the main hatch mechanism.

1.1.2.6 Water.

Water supplied by the facility at a rate of 3.5 gallons per minute at a
temperature of 60£10°F is required for the cooling of the 25-hp air compres-
sor. In addition, water for the simulated waste and potable water system is
supplied from the standard-type faucet located near the SCM.




SMéT-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

.2,

1

SIMULATED COMMAND MODULE (SCM).

The interior of the SCM is a replica of the spacecraft interior modified to
meet the 1-g training requirements. The exterior of the SCM does not dupli-
cate the exterior of the spacecraft because of the required configuration of the
visual system display equipment.

CREW COMPARTMENT.

The interior of the simulated command module, as illustrated in
figures 1-4 and 1-5, closely resembles that of Spacecraft 012. The equipment
arrangement, controls and displays, crew couches, and other characteristics
of the crew compartment are authentically duplicated for purposes of providing
the flight crew with an apparent spacecraft environment.

Tables 1-2 and 1-3 identify the extent of simulation panels, assemblies,
compartments, and storage areas. Those panels that duplicate their counter-
part in both appearance and operation are listed as ''"functional'' in the tables.
Those panels which duplicate their spacecraft counterpart in appearance but
are not functional are listed as '"'dummied'' in the tables.

All storage areas in the LEB are functional, with the exception of storage
areas '""B'" and '""C", which are covered by blank panels. Blank panels also
cover the area where the inverters, batteries, battery charger and junction
box are housed in the spacecraft.

All storage areas and attenuator panels located at the left-hand equipment
bay (LHEB) are authentic replicas of those in the spacecraft; however, the
visible plumbing is not functional. Blank panels cover the areas where the
battery vent, ECS steam direct heater, electrical power system equipment,
and uprighting systemcircuitbreaker panels are normally installed at the right-
hand equipment bay (RHEB). The aft equipment bay provides CO2 absorbers
and storage boxes and space-suit storage areas as shown in figure 1-5.

The crew couch assembly and restraints are identical in appearance and
operation to that of the spacecraft with only structural changes made to meet
the 1-g training conditions. The SCM is not equipped with a sleep/rest station
under the left couch as in the spacecraft. The outer configuration of the SCM
is entirely functional within the simulator configuration and is not intended to
approximate that of the spacecraft. (See figure 1-6.)

Egress from, and ingress to, the SCM is through the main entry hatch,
or through the tunnel hatch at the apex of the SCM. An entrance ladder, hinged
at the bottom to provide contact with the floor in any vertical SCM position,
provides access to the main entry hatch. The main hatch mechanism operates
on an automatic counterbalance system through air cylinders and valves and
requires only minor manual pressure to open or close the hatch.
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The tunnel hatch connects to a walkway above the SCM with a spiral
stairway providing access to the ground level. To facilitate movement through
the tunnel, a ladder internal to the tunnel structure is provided. Upon being
unlatched by placing a foot into the lower toe hold, the ladder drops 24 inches
into the SCM. Friction brakes insure that the ladder falls at a safe rate. The
ladder is not visible when it is raised manually to its normally raised position.
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SCM LH, Forward, Lower, and Aft Equipment Bays
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Table 1-2. SCM LH, Forward, Lower, and Aft Equipment Bays

Item No. Nomenclature AMS Status Remarks
1 Lighting fixtures Functional
2 CCTV camera Functional
3 Girth frame shelf ECS controls Functional
4 Demand pressure and relief selector valve Functional | Mounted behind removable attenuator
panel.
5 Glycol accumulator shutoff valve Functional | Mounted behind attenuator panel.
6 Left-hand side console (panel 24) Functional
7 COp-odor absorber diverters Functional | Mounted behind removable attenuator
panel.
8 Oxygen control panel Functional
9 Translation controller panel Functional
10 Food storage bin Functional
11 Clothing storage bin Functional
12 Left suit connector Functional
13 Water delivery system Functional | Water service shutoff valve located at
underside of panel.
14 Right suit connector Functional
15 Center suit connector Functional
16 Cabin temperature control valve Functional
17 Cabin air recirculating grill Functional
18 CCTV camera Functional
19 Food reconstitution device Functional
20 Clock and event timer panel Functional
21 Lighting control panel Functi'onal
22 Food storage compartment Functional
23 Optical storage compartment Functional | Located at underside of event and
timer panel.
24 Food storage compartments Functional
25 G&N annunciator panel Functional
26 IMU-CDU panel Functional
27 Sextant-telescope shroud Functional
28 Rate gyro package Dummied
29 Computer control panel and DSKY Functional
30 Gyro and accelerometer package (AGAP) Dummied
31 G&N control panel Functional
32 Medical supplies compartment Functional
33 Workshelf Functional
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Table 1-2. SCM LH, Forward, Lower, and Aft Equipment Bays (Cont) .
Item No. Nomenclature AMS Status Remarks

34 Power servo amplifier tray Dummied

35 Data storage equipment compartment Functional

36 Medical supplies compartment Functional

37 Signal conditioner Functional | Contains modules for communications
and data system.

38 Map and manual set compartment Functional

39 AGC computer Dummied AGC power switch functional.

40 PCM unit 1 Functional [Same as 37.

41 PCM unit 2 Functional

42 Workshelf storage compartment Functional

43 Storage area C Blank panel

RS VHEF multiplexer Functional |Same as 37

45 Premodulation processor Functional |Same as 37.

46 VHF /AM transmitter and VHF recovery beacon Functional |Same as 37.

47 Audio center Functional |Same as 37.

48 VHF/AM transmitter and HF transceiver Functional |Same as 37. .

49 Central timing equipment Dummied

50 Pyro battery panel Functional

51 S-band power amplifier Functional |Same as 37.

52 C-band transponder Functional |Same as 37.

53 Unified S-band equipment Functional |Same as 37.

54 Up-data link Dummied

55 Roll ECA Dummied

56 Storage area B Blank panel

57 Display ECA Dummied

58 Fecal canister and relief tube Functional | In position.

59 Yaw ECA Dummied

60 Pitch ECA Dummied

61 Auxiliary ECA Dummied

62 CO, absorber containers Functional | End containers missing for SE-012.

63 Space suit storage Functional Collapsible unit

64 Open area Gas chromatograph, storage area A
and flight recorder occupy this space
in S/C. ‘

.65 Water control panel Functional

66 CO2 canister diverter valve Functional

67 Coolant control panel Functional

1-18
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. Table 1-2. SCM LH, Forward, Lower, and Aft Equipment Bays (Cont)
Item No. Nomenclature AMS Status Remarks
68 Glycol pressure relief panel Functional
69 Suit circuit return air manual valve Functional | Behind removable attenuator panel.
70 Surge tank Dummied
71 Midcourse couch support panel
72 Debris trap Dummied
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Table 1-3. SCM RH, Forward, and Aft Equipment Bays
Item No. Nomenclature AMS Status Remarks
1 Battery vent panel Blank
2 Shock attenuator panel
3 Waste management panel Functional
s Vacuum cleaner compartment Functional Not functional in AMS No. 2
5 Sanitary supplies compartment Functional
6 Window shade storage compartment Functional
7 In-flight test panel Functional
8 Survival provisions storage compartment Functional Three separate compartments.
9 Food storage compartment Functional
10 Inlet to waste storage
11 Personal hygiene supplies compartment Functional
12 Right-hand console bus switch panel Functional
13 Right-hand circuit breaker panel Functional
14 CCTV camera Functional
15 Lighting fixture Functional
16 PLSS CO; absorber storage area Functional
17 Electrical power circuit breaker panel Functional
18 Shock attenuator panel Speaker panel | Instrument power control, uprighting,
system, and ECS steam duct. Heating
panels occupy this space in S/C.
19 Shock attenuator panels
20 CO, absorber storage containers Functional Third container missing in SC-012.
21 TV zoom lens storage container Container missing in SE-012.
22 Fecal canister and relief tube Functional Stowed position.
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Figure 1-6. SCM Exterior
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‘ 1.2.2 SCM CONTROLS AND DISPLAYS.

Figure I-7 illustrates the controls and displays of the SCM main display
panel and the left and right side panels. The appearance of the controls and
displays are indiscernible from those of the spacecraft. Operation of the
controls produces a realistic reaction of the corresponding displays and
appropriate operational effects.

The function of, and instructor visibility to the status of, each control
and indicator are described in tabular format in later paragraphs.

1-23/1-24
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VISUAL SIMULATION MECHANISMS.

The visual systems of the AMS provide realistic exterior scenes for
viewing through the landing and docking windows, the telescope, and the sextant.
Views simulated by the visual systems include the following:

e Earth and lunar scenes
e Celestial star fields and specific navigational stars

e Solar simulation including sunshafting, sunrise, sunset, and day-night
termination

e Moving cloud cover
e S-IVB separation and transposition
e Reentry and landing scenes

The equipment and its arrangement used to generate and present the
aforementioned scenes are illustrated in figure 1-1. Figure 1-8 identifies the
components of the visual system with respect to the SCM. The major com-
ponents that comprise the visual simulation are the mission effects projectors,
the star field displays, the rendezvous and docking system, and the infinity
image system. (See figure 1-8.)

The mission effects projectors provide the earth, moon, cloud cover,
and reentry scenes in addition to solar simulation. In the AMS there are five
MEPs which project these scenes to each of the windows and to the telescope
display. There is no hatch window simulation in the SE-012 AMS.

The star field display presents the celestial background for each of the
four windows and the telescope display.

The rendezvous and docking system provides the visual scenes during the
separation and transposition maneuvers with the S-IVB. These scenes are
only provided to the docking windows and are superimposed on the images
provided by the MEP and the star fields. The equipment used to implement
this simulation includes a scaled S-IVB model and a TV pickup system, which
are housed in the R&D model house, and a CRT display system.

The infinity image system is the optical unit which combines the images
from the MEPs, the star field displays, and the rendezvous and docking sys-
tems and projects them as one composite image to each of the windows and
the telescope.

s
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STRUCTURES AND VERTICAL INSERTION.

The SCM consists of two major equipment items, the command module
itself and the base assembly, which supports and positions the command module.
In the assembly are the components for the following subsystems:

SCM air conditioning

Smoke generation

Waste management (deleted for AMS No. 2)
Water supply

The base assembly includes air conditioning equipment (excluding
compressors), smoke generator and liquid smoke storage tank, potable water
tank, waste management components and storage units, and the control panels,
circuitry, transducers, and ducting and plumbing necessary for the above
systems operation. Also, housed in the base assembly are the horizontal and
vertical drive mechanisms and controls.

The SCM is capable of both horizontal and vertical movement under
electrical or manual power. For horizontal movement, the base is equipped
with V-grooved wheels which ride upon inverted angle tracks extending out
approximately 14-1/2 feet from under the center of the visual equipment. (See
figure 1-1.) The only connections to the moving unit are the electrical cables
and the compressed air line for the oxygen pressure suit system. The cables
and compressed air line are supported by a boom assembly that pivots as the
SCM is withdrawn horizontally. The boom assembly is supported by a support
bar, which is equipped with a wheel to facilitate movement. A detachable tow
bar connects the support bar to the SCM for the flexibility required during
movement. Horizontal drive is accomplished through two forward wheels and
a clutch mechanism on the SCM base. (See figure 1-9.)

Vertical motion is accomplished by four lead screw jacks capable of pro-
viding a maximum of 27 inches of vertical travel. When no power is available,
hand cranks located on the right-hand side of the SCM base may be used to
manually move the SCM horizontally and/or vertically. The crank mechanism
is interlocked to assure that horizontal motion is not possible until the vertical
motion is complete (as is the case during powered movement). Detailed
operational procedures for the mechanism are defined in section I of Volume II.

As illustrated in figure 1-1, a walkway is provided which affords access
to the visual equipment and to the tunnel hatch and tunnel. The walkway also
provides structural support for the sextant and telescope shroud and the G&N
annunciator panel and a rigid mounting for two auxiliary hoists used for
servicing the rendezvous display units. The walkway is 16-1/2 feet above the
floor and is equipped with a 42-inch handrailing. Access to the walkway is
provided by a spiral stairway equipped with a 36-inch handrailing.




0€=T

LOCKING PINS

Figure 1-9.

INTERLOCK & |y
SWITCH
=

Vertical and Horizontal Insertion Mechanism

SM-6T-2-02-255A

AOOIANVH YO LONYLSNI YO LVINWIS NOISSIW OT10dV

¢0-C-19WS



SMéT-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

INSTRUCTOR-OPERATOR STATION.

The instructor-operator station (IOS) is the control center from which
the simulator complex is operated. Simulator control and monitor functions
accomplished from the IOS include:

Control and monitor simulator operation.

Record training evaluation parameters.

Select and control simulated malfunctions.

Control and monitor computer operation.
Communicate with flight crew and support personnel.
Monitor and control trainer support systems.

Figure 1-10 is an illustration of the AMS instructor-operator console.
The console is a wraparound design to provide maximum visibility to all
controls and displays from the master (center) station. Each console section
has independent fluorescent overhead lighting and storage space under the
console counter. The IOS contains repeater indicators of those controls and
displays within the simulated command module (SCM) and additional controls
and displays as required to enable the instructor-operator(s) to effectively
control the simulation, direct the training situation, and monitor crew activ-
ities taking place within the SCM. Figure 1-11 and table 1-4 are provided to
illustrate the overall instructor-operator console controls and displays layout
and identify each panel by name and explain its function. The identity and
function of each control and indicator is defined in figures and tables provided
later in this section of the handbook.
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SCM SWITCH

10S SWITCH POSITION IND

10S SWITCH POSITION INDICATOR FUNCTIONAL DESCRIPTION

A) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 1
B) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2

C) [ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 3

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

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

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

A) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 1
B) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2

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

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

B) INDICATES CENTER AS NORMAL POSITION OF SCM SWITCH

NORMAL (DOES NOT ILLUMINATE)
2 C) ILLUMINATES WHEN SWITCH IN SCM IS SET TO POSITION 2
A) ILLUMINATES WHEN SELECTOR SWITCH IN SCM SET TO
3 POSITION 1
{ B C
B) ILLUMINATES WHEN SELECTOR SWITCH IN SCM SET TO
POSITION 2
s - A 6 C) ILLUMINATES WHEN SELECTOR SWITCH IN SCM SET TO
POSITION 3
O O D) ILLUMINATES WHEN SELECTOR SWITCH IN SCM IS SET TO
E POSITION 4
E) WHEN DEPRESSED, CHECKS LAMPS OF IOS SELECTOR SWITCH
POSITION INDICATOR
3 A) ILLUMINATED WHEN SELECTOR SWITCH IN SCM IS SET TO
/ 8 C POSITION 1, OR WHEN NOT ILLUMINATED INSTRUCTOR MAY
DEPRESS TO MONITOR THAT FUNCTION ON 10S DISPLAY
B) SAME AS A
1— —4 A D

@

SAME AS A
D) SAME AS A

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

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

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

C)  WHEN DEPRESSED, SWITCH ILLUMINATES BLUE AND
EQUIPMENT IS TURNED ON OR STARTED.
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Table 1-4. Instructor-Operator Station
Panel Nomenclature Function
1 VISUAL SYSTEM STATUS Displays mode and status of visual system components.
2 TRUE TRAINEE ENVIRONMENT C&D of suit pressure, temperature, aural simulation, and smoke
generation.
3 WASTE MANAGEMENT Repeat of SCM waste management system panel.
4 (Blank)
5 UP DATA LINK C&D of up-data link panel.
6 Lighting controls IOS light controls.
7 In-flight test panel Repeat of SCM in-flight test panel.
8 (Blank)
9 Lighting controls Repeat of SCM LEB floodlight panel.

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

11 G&N computer status Indication of G&N alarms and faults.

12 CDU repeater Repeat of SCM CDU indications.

13 SEXTANT CONTROL Indication of SCM SXT control operation.

14 OPTICS Indication of operation of optics controls in LEB.

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

16 MAP/DATA VIEWER & FILM DRIVE Indication of map and data viewer (MDV) control operation.

17 MARK ERROR Indication of optical axis angle error.

18 SEXTANT DOORS Indication of astrosextant doors status.

19 ORBITAL POSITION Latitude, longitude, and altitude indicators.

20 NAVIGATION PARAMETERS Display of sidereal hour angle (SHA), declination, SHA/
longitude, declination/latitude, and IOS rotation.

21 TEL/SEXTANT DISPLAY CRT display of optics positioning.

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

23 Indication of attitude impulse, AGC mode, and IMU
temperature control operation.

24 AGC Apollo guidance control display and keyboard (DSKY), and
three register readouts.

25 Fuel quantity display, timer, and mark hold release. CRT
mode selector controls.

26 Flood and indicator lighting controls.

27 Console communications panel Provides trainer communications.

28 MALFUNCTION STATUS Display of malfunction and indication of malfunction status.

29 AControl and status of lower equipment bay circuit breakers.

30 MALFUNCTION INSERTION Keyboard to control malfunction insertion.

31 PERFORMANCE TIMER Provides means for timing to or from events.
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Table 1-4. Instructor-Operator Station (Cont)

Panel Nomenclature Function

32 Control and status of left-hand circuit breaker panel and right-
hand equipment bay circuit breaker panel.

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

34 Indication of position and operation of SPS and SCS controls
(SCM panel No. 24).

35 Controls for IOS flood and indicator lighting.

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

37 Provides repeat of SCM altimeter and digital readout of altitude

(SCM panel No. 1).

38 Repeat of SCM panel No. 3.

39 Repeat of SCM panel No. 2.

40 Repeat of upper portion of SCM panel No. 5.

41 Repeat of SCM panel No. 6.

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

43 Repeat of lower portion of SCM panel No. 5.

44 Repeat of SCM panel No. 8

45 Repeat of SCM panel No. 7

46 Provides control of simulator operation, X-T recorders,

initialization, and performance timer.

47 Console communication panel Provides trainer communications.

48 SIMULATOR STATUS Provides indication of simulator status.

49 ECS VALVE POSITION INDICATORS Provides indications of ECS valve positions.

50 Repeat of SCM panels No. 10 and No. 11.

51 ECS VALVE POSITION INDICATORS Repeat indicators of SCM ECS valve positions.

52 Repeat of SCM panel No. 12 (less MISSION ELAPSED TIMER
and selector switch).

53 Repeat of SCM AGC up-data link controls (SCM panel No. 14).

54 Repeat of RCS INDICATORS selector switch (SCM Panel
No. 12).

55 Repeat of upper portion of SCM panel No. 13.

56 Main display AGC DSKY repeater (SCM panel No. 14).

57 Repeat of SCM panel No. 15.

58 1 Repeat of lower portion of SCM panel No. 13,

59 Repeat of SCM panel No. 16

60 AMS emergency stop, SCM lighting, and IOS flood

and indicator controls.

61 MALFUNCTION INSERTION Keyboard used to control malfunction insertion.
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Table 1-4. Instructor-Operator Station (Cont) ‘
Panel Nomenclature Function
62 (Blank)
63 Repeat of SCM panel No. 19.

64 Repeat of SCM panel No. 17 and upper portion of SCM panel No. 18,
65 Provides GMT and time-to/from launch time from central timing
equipment,

66 Repeat of left portion of SCM panel No. 18.

67 Repeat of upper right portion of SCM panel No. 18.

68 Repeat of lower portion of SCM panel No. 18.

69 Repeat of communications portion of SCM panel No. 20.

70 Repeat of SPS portion of SCM panel No. 20.

71 Console communications panel Provides trainer communication.

12 Provides control and status of right-hand circuit breaker panel
(SCM panel No. 22).

73 Repeat of switches on SCM panel No. 22.

74 Repeat of SCM panel No. 23.

75 Repeat of switch positions on SCM panel No. 21. .

76 IOS flood and indicator lighting controls.

77 MALFUNCTION STATUS Dispaly of malfunction and indication of malfunction status.

78 Control and status of circuit breakers on SCM panel No. 21.

79 MALFUNCTION INSERTION Keyboard to control malfunction insertion.

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

81 COMPUTER STATUS Indication of status of AMS computers.

82 VOICE PLAYBACK Input plug and volume control for tape recorder playback unit.

83 KRS stact recorder Voice recording equipment (trainer).

84 Electrical power outlet for tape recorder playback unit.

85 Lamp test.

86 Status indications of data recording equipment (trainer).

87 COMMUNICATIONS INTERFERENCE Voice communication interference controls.

88 IOS flood and indicator lighting controls.

89 Console communication panel Provides trainer communications.
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1.3.1

1.3.1.1

MAIN DISPLAY PANEL (SCM-IOS).

Figures <1-12 through 1-37 and tables 1-5 through 1-30 illustrate the
individual SCM panels of which the SCM main display panel is comprised and
include the IOS panel area where status of each SCM panel is manifested.
Numerical indexing of the figures correlates the figures with corresponding
tables identifying each SCM control and display by name, explaining its function,
and describing the manner of IOS manifestation. A single number code (per
panel) is used for both the SCM and the IOS illustrations. Where a given SCM
control or display does not have an IOS equivalent, the identifying number on
the SCM panel illustration is indicated with a white numeral on a black circle.
Where a control or display located on the IOS does not have an SCM counter -
part, the identifying number on the IOS panel illustration is indicated by a
white numeral on a black square.

Barometer Altimeter Panel.

Figure 1-12 illustrates the SCM equivalent of the barometer altimeter
panel, S/C panel No. 1, and its associated IOS repeater panel. The controls
and displays on this panel relate to the sequence control group system
simulation.

Table 1-5 defines the function and instructor visibility to the status of
each of the controls and displays.
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ALTITUDE
NAUTICAL MILES

|

Figure 1-12. Barometric Altimeter Panel

Table 1-5. Barometric Altimeter Panel

SM-6T-2-02-1248

Instructor
Key Nomenclature Function Visibility Remarks
1 Barometric altimeter Provides indication of SCM repeater Meter range 0 to 100, 000 feet.
vehicle altitude. instrument Markings for APEX COVER at
24,000 feet and main parachute
deploy at 10, 000 feet.
2 ALTITUDE NAUTICAL Provides four-digit readout | Digital display

1-54

MILES digital altimeter
(IOS only)

of vehicle altitude.

(IOS only)
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1.3.1.2 S/C Panel No. 2.

Figure 1-13 illustrates the SCM equivalent to S/C panel No. 2 and its
associated IOS repeater panel. The controls and displays on this panel are
associated with the stabilization and control system, service propulsion system,
and equations of motion simulation.

Table 1-6 defines the function and instructor visibility to the status of
each of the controls and displays.

L] | | ]
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i 7 /1 /2
. 5
0 \ 39
I A

FDAI
® @ BRIGHTNESS

@ @ OFF

INCR

OVERRIDE

RESET

FDAI
SELF TEST

® © ®

Figure 1-13. Spacecraft Panel No. 2
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Table 1-6. S/C Panel No. 2
Instructor
Key Nomenclature Function Visibility Remarks
1 g meter Display S/C positive and Repeater indicator| Indicator has three pointers: one for
negative g loads and records normal g indications and two for
maximum g reading recording maximum tg and -g
encountered. readings. RESET knob enables
manual reset of recording pointers
to normal 1-g position.
2 FDAI BRIGHTNESS control
OFF-INCR Controls FDAI panel lighting| Repeater indicator| FDAI BRIGHTNESS control is used
and THRUST ON lighting. in conjunction with FDAI LTG sw on
panel No. 25.
3 FCSM sw
AUTO Enables automatic shutdown | Repeater 1t
of SPS engine by FCSM if
excessive engine vibration
is sensed.
OVERRIDE Disables automatic shutdown| Repeater 1t
capability of FCSM.
4 FCSM sw
ON Applies power to FCSM Repeater It
system.
OFF Remove power from FCSM
system.
RESET Resets the FCSM system Repeater 1t
after receipt of excessive
vibration signal, also
extinguishes SPS ROUGH
ECO light on panel No. 10.
5 FDAI sw
SELF TEST Applies signal voltage of Repeater It When sw is held in SELF TEST
constant amplitude to torque position, rate indicators deflect from
motors within FDAIL null position to negative pitch, roll,
and yaw indication.
OFF Removes test signal from
FDAI and permits normal
operation.
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1.3.1.3 S/C Panel No. 3.

Figure 1-14 illustrates the SCM equivalent of S/C panel No. 3 and its
associated IOS repeater panel. The controls and displays on this panel are
associated with the sequence control group, the service propulsion system, and
the caution and warning system simulation.

Table 1-7 defines the function and instructor visibility to the status of
each of the controls and displays.
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|
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ALARM & o ‘©/
® sps .
. Ty CIMIAL MOTOI ————  INJECT PIE-VALVES -
\ ;FF \ ®
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10 9 8 7 6 5 SM-6T-2-02-125B

Figure 1-14. Spacecraft Panel No. 3

1-57



SMéT-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-7. S/C Panel No. 3
Instructor
Key Nomenclature Function Visibility Remarks
1 MASTER ALARM sw-1t Illumination of 1t indicates Repeater It Illumination of 1t is accompanied by
malfunction or out-of- audio tone in each headset. Depress-
tolerance condition as indi- ing sw resets alarm circuitry
cated by illumination of extinguishing MASTER ALARM and
applicable system status It MASTER WARNING It and silences
on panels No. 10 and/or the audio tone.
No. 11.
2 L/V AOA - SPS Pc sw
L/V AOA Connects output of Q-ball to | Repeater 1t L/V AOA position used during boost
L/V AOA/SPS Pc indicating phase of first stage.
L/V angle of attack.
SPS Pc Connects output of SPS Repeater 1t SPS Pc position used at L/V first
engine combustion chamber stage separation.
pressure to L/V AOA/SPS
Pc indicator.
3 L/V AOA/SPS Pc indicator |Time-shared indicator with | Repeater indicator
input determined by position
of L/V AOA-SPS Pc sw.
4 ABORT 1t Illumination of 1t indicates Repeater 1t Light is backup to voice communication
an abort has been requested from the ground.
by range safety officer
ground control.
5 SPS - INJECT PRE-VALVES
sw
B
ON Applies power to SPS Repeater 1t
engine propellant arming
valve solenoid.
OFF Removes power from valve
solenoid.
SPS - INJECT PRE-VALVES
sSw
6 A
ON Applies power to SPS Repeater It
engine propellant arming
valve solenoid.
OFF Removes power from valve
solenoid.
SPS - GIMBAL MOTORS sw
7 YAW 2
START Energizes motor sw which Repeater 1t
applies power to YAW 2
gimbal actuator motor.
ON Applies power to over- Repeater 1t
undercurrent sensing
circuit.
OFF Energizes motor sw which
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removes power from YAW 2
gimbal actuator motor.
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Table 1-7. S/C Panel No. 3 (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10

SPS - GIMBAL MOTORS sw

YAW 1

START

ON

OFF

SPS - GIMBAL MOTORS sw

PITCH 2

START

ON

OFF

SPS - GIMBAL MOTORS sw

PITCH 1

START

ON

OFF

Energizes motor sw which
applies power to YAW 1
gimbal actuator motor.

Applies power to over-
undercurrent sensing
circuit.

Energizes motor sw which
removes power from YAW 2
gimbal actuator motor.

Energizes motor sw which
applies power to PITCH 2
gimbal actuator motor.

Applies power to over-
undercurrent sensing
circuit.

Energizes motor sw which
removes power from
PITCH 2 gimbal actuator
motor.

Energizes motor sw which
applies power to PITCH 1
gimbal actuator motor.

Applies power to over-
undercurrent sensing
circuit.

Energizes motor sw which
removes power from
PITCH 1 gimbal actuator
motor.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t
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1.3.1.4 Flight Director Attitude Indicator.

1-60

Figure 1-15 illustrates the flight director attitude indicators (FDAI) at
the SCM and its repeater at the I0S. The FDAI is associated with the
stabilization and control system simulation.

Table 1-8 defines the function and instructor visibility to the positioning
of the FDAI indicators.

SM-6T-2-02-126A

Figure 1-15. Flight Director Attitude Indicator Panel (Spacecraft Panel No. 4)
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Table 1-8. Flight Director Attitude Indicator Panel (S/C Panel No. 4)
Instructor
Key Nomenclature Function Visibility Remarks

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

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

3 Attitude ball display Displays S/C attitude refer- | Repeater Ball face is marked in degrees of
enced to inertial space in instrument latitude and longitude: latitude
terms of body or navigation indicates pitch attitude and longitude
axes. indicates yaw attitude. Gimbaling

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

4 Reference indices Provide basis for attitude Repeater indicator| Horizon level index represents body

indications to either body
or navigational axes.

axes orientation with respect to IMU
stable element. Cross-hair indices
represent navigation axes displace-
ment from IMU stable element. Two
indices are displaced approximately
33 degrees in pitch axis.
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S/C Panel No. 5.

Figure 1-16 illustrates the SCM equivalent of S/C panel No. 5 and its
associated IOS repeater panel. The controls and displays on this panel are
associated with the sequence control group and the booster propulsion system
simulation.

Table 1-9 defines the function and instructor visibility to the status of
each of the controls and displays.
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Figure 1-16. Spacecraft Panel No. 5
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Table 1-9. S/C Panel No. 5
Instructor
Nomenclature Function Visibility Remarks

MIN SEC event timer
display

L/V GUID 1t

L/V ENGINE 1t

APEX COVER JETT sw

DROGUE DEPLOY sw

MAIN DEPLOY sw

LOCK-UNLOCK sw

LOCK

UNLOCK

Provides crew with means
of monitoring and timing
events.

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

Illumination indicates

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

Illumination indicates SIB
No. 2 engine operating
below 90 percent capability.

Illumination indicates SIB
No. 3 engine operating
below 90 percent capability.

Illumination indicates SIB
No. 4 engine operating
below 90 percent capability.

Illumination indicates SIB
No. 5 engine operating
below 90 percent capability.

Illumination indicates SIB
No. 6 engine operating
below 90 percent capability.

Illumination indicates SIB
No. 7 engine operating
below 90 percent capability.

Illumination indicates SIB
No. 8 engine operating
below 90 percent capability.

Manual backup to jettison
theC/M apex cover.

Manual backup to deploy
drogue parachutes.

Manual backup to auto-
matic main parachute
deployment.

Locks the backup switches
to prevent inadvertent
operation.

Unlocks and enables the
backup switches to be
depressed manually.

Repeater display

Repeater It

Repeater It

—

t

Repeater

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Timer starts automatically when
liftoff occurs; automatically reset to
zero when an abort is initiated.
Enables crew to time events manually
when used in conjunction with timer
controls on panel No. 8.

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

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

Main parachute deployment should
occur at 10, 000 feet during descent.
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‘ Table 1-9. S/C Panel No. 5 (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
8 ADPT SEP sw Provide manual backup for [Repeater 1t

adapter separation.

9 CANARD DEPLOY sw Provides manual backup to Repeater 1t The canard should automatically
deploy the canard when deploy 11 seconds after an abort.
automatic deployment does
not occur during an abort.

10 LES MOTOR FIRE sw Provides manual backup to Repeater 1t Switch may be used to backup the
fire the launch escape motor. LES TWR JETTISON functions.

11 LIFT OFF-NO AUTO

ABORT sw-1t
LIFT-OFF 1t Illuminates at lift-off. Repeater It Light goes out 5 seconds after lift-off.
NO AUTO ABORT sw-1t [Illuminates at lift-off if EDS |[Repeater 1t If 1t remains on after depressing sw-lt,
system has not been auto- EDS abort capability is disabled.
matically enabled. Depress-
ing sw-1t will enable the
automatic abort function.

12 L/V RATES 1t Illumination indicates Repeater 1t Operates in conjunction with the EDS
excessive launch vehicle automatic abort system; when used
angular rates in pitch, roll in conjunction with FDAI and AOA,
or yaw axes. indicates necessity for manual abort.
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Attitude Set/Gimbal Position Indicator Panel. ‘

Figure 1-17 illustrates the SCM equivalent of the attitude set/gimbal
position indicator panel, S/C panel No. 6, and its associated IOS repeater
panel. The controls and displays on this panel are associated with the
stabilization and control system simulation.

Table 1-10 defines the function and instructor visibility to the setting of
each of the controls and displays.
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SM-6T-2-02-128C
Figure 1-17. Attitude Set/Gimbal Position Indicator Panel
(Spacecraft Panel No. 6)
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Table 1-10. Attitude Set/Gimbal Position Indicator Panel (S/C Panel No. 6)
Instructor
Key Nomenclature Function Visibility Remarks
1 ATTITUDE SET - FDAI Enables alignment of atti- Repeater 1t Momentary contact pushbutton sw
ALIGN sw tude gyro coupling unit must be held engaged until alignment
(AGCU) resolvers and FDAI is completed.
to attitude displaced on
ATTITUDE SET indicators.
2) ATTITUDE SET thumb- Enables desired pitch, roll, | Variation in atti- Thumbwheels are not located or
wheels yaw angles to be set into tude indications indicated on IOS panel.
SCS attitude reference
system.

3 ATTITUDE SET display Display roll, pitch, and Repeater display

yaw settings in degrees.
GIMBAL POSITION

4 YAW indicator Indicates SPS thrust Repeater indicator| Utilized when aligning engine thrust
chamber yaw position in vector with vehicle center of gravity.
degrees.

5 PITCH indicator Indicates SPS thrust Repeater indicator
chamber pitch position in
degrees.

6 PITCH thumbwheel Provides manual control of | Repeater indicator| Utilized when aligning engine thrust
pitch SPS engine gimbal vector with vehicle center of gravity.
position. Null position is equivalent to 0°

marking on thumbwheels.

¥ YAW thumbwheel Provides manual control of [ Repeater indicator| Yaw gimbal null position is equivalent
yaw SPS engine gimbal to + 4° marking on thumbwheel.
position.

8 ATT SET sw

ATT SET

OFF

Locks attitude set verniers
(pitch, yaw, roll); and, in
SCSmode, connects AGCU
difference outputs to atti-
tude error needles.

Unlocks attitude set

verniers; and, in SCS mode,

connects BMAG outputs to
attitude error needles.

Repeater 1t

Attitude error needles (FDAI) now
indicate difference between value set
by thumbwheels and present S/C
attitude in SCS modes. Switch has no
function in G&N modes.
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L.3:1. 1%
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Delta V Panel.

Figure 1-18 illustrates the SCM equivalent of the delta V panel, S/C
panel No. 7, and its associated IOS repeater panel. The controls and displays
on this panel are associated with the stabilization and control system simulation.

Table 1-11 defines the function and instructor visibility to the status of
each of the controls and displays.
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Figure 1-18. Delta V Panel (Spacecraft Panel No. 7)




SMéT-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-11. Delta V Panel (S/C Panel No. 7)
Instructor
Key Nomenclature Function Visibility Remarks

1 DIRECT ULLAGE sw When depressed, actuates Repeater 1t
all four +X S/C RCS engines.

2 THRUST ON sw-1t When depressed, applies Repeater 1t Provides manual backup for SPS
power to SCS circuitry engine ignition when G&NAYV mode is
which actuates SPS engine selected. Provides normal manual
control circuit. SPS ignition during SCSAV mode,

sw-1t illuminates when engine ignition
occurs.

3 NORMAL-OFF-DIRECT ON

sw

NORMAL Allows normal operation of | Repeater It
SCS thrust logic for SPS
engine firing.

OFF Removes power from engine
injector solenoids directly
resulting in thrust termina-
tion.

DIRECT ON Provides capability of Repeater 1t
bypassing SCS circuitry and
initiating engine firing
directly.

4 |AV REMAINING indicator Displays delta V remaining |Repeater indicator| When SPS is thrusting, theAV
and/or delta V magnitude in REMAINING indicator is driven toward
ft/sec. zero by signals from SCS X-axis

accelerometer.

5 AV sw

(+)

(-)

Enables increase of delta V
remaining at slow or rapid
rate.

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

Repeater 1t

Repeater 1t

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

Slow rate in either
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1,3.1.8

S/C Panel No. 8.

Figure 1-19 illustrates the SCM equivalent of S/C panel No. 8 and its
associated IOS repeater panel. The controls on this panel are associated with
the stabilization and control system, the sequence control group system, and
the reaction control system simulation.

Table 1-12 defines the function and instructor visibility to the setting of
each of the controls.
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Figure 1-19. Spacecraft Panel No. 8

1-72



SMé6T-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-12. S/C Panel No. 8
Instructor
Key Nomenclature Function Visibility Remarks
1 DIRECT mode sw
DIRECT RCS Applies power to rotation Repeater 1t Position bypasses all SCS electronics
controller enabling direct providing direct control of engines.
manual control of S/M or
C/M RCS engines.
OFF Inhibits direct control of
C/M or S/M RCS engines.
2 LIMIT CYCLE sw
LIMIT CYCLE Allows limit cycling of RCS | Repeater 1t
engines during attitude con-
trol modes.
OFF Inhibits operation of SCS
pseudo-rate circuit.
3 ATT DEADBAND sw
MAX Select deadband of +5.0 Repeater 1t Prevents attitude correction signals
degrees. from being sent to RCS until attitude
5 errors exceed selected deadband.
MIN Select deadband of %0.5 Repeater 1t
degrees.
4 | ATTITUDE/MONITOR/
ENTRY sw
ATTITUDE Enables G&N or SCS atti- Repeater 1t Switch is used in conjunction with
tude mode control. G&N/SCS, AV and LCL VERT sw to
enable selection of flight control
MONITOR Enables monitor mode. Repeater It modes.
ENTRY Enables G&N or SCS entry
mode.
RATE GYRO sw
5 ROLL sw Placing RATE GYRO sw to BMAG
position removes BMAG attitude
NORMAL Allows normal BMAG Repeater 1t error signal to FDAI and applies a
operation. signal to gyro torque motors causing
BMAG to function as rate gyro.
BMAG Enables BMAG rate mode Repeater 1t
of operation.
6 PITCH sw
NORMAL Allows normal BMAG Repeater 1t
operation.
BMAG Enables BMAG rate mode Repeater 1t
of operation.
7 YAW sw
NORMAL Allows normal BMAG Repeater 1t
operation.
BMAG Enables BMAG rate mode Repeater 1t

of operation.
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Table 1-12.

S/C Panel No. 8 (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10

11

1-74

SCS CHANNEL sw
AC ROLL/OFF sw

AC ROLL

OFF

BD ROLL/OFF sw

BD ROLL

ROLL

PITCH/OFF sw

PITCH

OFF

YAW/OFF sw

YAW

OFF

ELS LOGIC sw

(Up)

(Off)

Applies power to normal
A&C roll injector valve
solenoids enabling normal
RCS engine operation.

Removes power from nor-
mal A&C roll injector
valve solenoids inhibiting
normal manual rotation
control and automatic SCS
control of RCS engines.

Applies power to normal
B&D roll injector valve
solenoids enabling normal
RCS engine operation.

Removes power from nor-
mal B&D roll injector valve
solenoids inhibiting normal
manual rotation control and
automatic SCS control of
RCS engines.

Applies power to normal
pitch injector valve sole-
noids enabling normal RCS
engine operation.

Removes power from nor-
mal pitch injector valve
solenoids inhibiting normal
manual rotation control and
automatic SCS control of
RCS engines.

Applies power to normal
yaw injector valve solenoids
allowing normal RCS engine
operation.

Removes power from nor-
mal yaw injector valve
solenoids inhibiting normal
manual rotation control and
automatic SCS control of
RCS engines.

Connects 28 vdc to ELS
logic circuitry. Circuitry
is powered automatically
during LES abort.

Disconnects 28 vdc from
ELS logic circuitry.

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Switch is positioned up during entry

or after SPS abort.
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Table 1-12. S/C Panel No. 8 (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
CM PROP JETT sw
13 PURGE sw
(Up) Activates C/M propellant Repeater 1t Switch positioned up atter C/M pro-
purge system and ECS gas pellant supply has been depleted in
chromatograph helium dump order to purge propellant tank lines.
operation. Switch only active if LOGIC and DUMP
sw are in position.
(Down) Deactivates C/M propellant
purge operation and ECS gas
chromatograph helium dump
operation.
14 DUMP sw
(Up) Activates C/M RCS fuel Repeater 1t LOGIC sw must be placed in up position
system dump/burn operation for dump/burn operation.
and 10 engine propellant
injector valves.
(Off) Deactivates C/M RCS fuel
system dump/burn
operation.
15 LOGIC sw
(Up) Applies power to RCS con- |Repeater It Arms DUMP and PURGE sw.
trol box logic circuitry.
(Off) Removes power from RCS
control box logic circuitry.
16 COUCH UNLOCK sw
UNLOCK Unlocks crew couch Repeater It Attenuators are unlocked prior to earth
attenuators. landing.
(Down) Normal flight position.
DIGITAL EVENT TIMER sw
17 SEC sw
TENS Runs SEC ‘indicating drums | Repeater 1t
of event timer in tens.
(Center) No function.
UNITS Runs second SEC indicating | Repeater 1t
drum in units.
18 MIN sw
TENS Runs MIN indicating drums [ Repeater 1t
in tens.
(Center) No function.
UNITS Runs second MIN indicating | Repeater 1t
drum in units.
19 START/STOP sw
START Starts event timer Repeater 1t Timer starts automatically at lift-off.
(Center) Normal operating position. | ON repeater 1t
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Table 1-12. S/C Panel No. 8 (Cont)

Instructor
Key Nomenclature Function Visibility Remarks
STOP Stops event timer. Repeater It
20 RESET-UP-DOWN sw
RESET Resets event timer to zero. | Repeater It Timer is automatically reset when
abort is initiated.
UP Completed circuitry for Repeater It
event timer to time up.
DOWN Complete circuitry for Repeater 1t
event timer to time down.
21 G&N/SCS sw
G&N Enables G&N control for Repeater 1t Switch is used in conjunction with
attitude control, monitor, other flight control mode sw.
entry, or delta V control
mode.
SCS Enables SCS control for Repeater It
attitude control, monitor,
entry, or delta V control
mode.
22 AV/OFF sw
AV Applies signal to SCS Repeater 1t
enabling system for mode
of operation, also enables
manual thrust vector
control.
OFF Inhibits delta V and manual
thrust vector control modes
and permits operation of
SCS in other modes.
23 LCL VERT/OFF sw
LCL VERT Applies constant amplitude | Repeater 1t
signal to AGCU torque
motors.
OFF Allows normal BMAG
operation.
24 .05G ENTRY/OFF sw

.05G ENTRY

OFF

Inhibits C/M pitch and yaw
attitude control channel in
G&N entry mode; and pitch,
yaw, and roll attitude con-
trol in SCS entry mode.
Also couples roll rate
signal to yaw channel.

Allow normal attitude con-
trol operation.

Repeater It

Power is only applied to sw when in
either G&N or SCS entry mode.
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S/C Panel No. 10.

Figure 1-20 illustrates the SCM equivalent of S/C panel No. 10 and its
associated IOS repeater panel. The displays are associated with the caution

and warning system simulation.

Table 1-13 defines the function and instructor visibility to the status of

each of the displays.
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Figure 1-20. Spacecraft Panel No. 10
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Table 1-13. S/C Panel No. 10

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10

11

CDU FAIL It

IMU FAIL 1t

G&N ERROR 1t

IMU TEMP It

GMBL LOCK 1t

AGAP TEMP It

H, PRESS 1t

O, PRESS 1t

S/M RCS A, B, C, D1t

AGC PWR FAIL 1t

SPS ROUGH ECO It

Indicates loss of 25.6 kc
power, CDU gimbal error
failure, or loss of motor
excitation in one or more
coupling display units.

Indicates gimbal servo
error failure, loss of

3200 cps power, gyro wheel
power, resolver and
tachometer excitation, or
-28-volt d-c power within
IMU,

Indicates failure in AGC,
IMU, accelerometer loops,
or CDU.

Indicates IMU temperature
has deviated 5 degrees from
normal.

Indicates middle gimbal
angle greater than 60
degrees with respect to
outer gimbal.

Indicates attitude gyro
accelerometer package
(AGAP) temperature is less
than 168°F or greater than
172°F.

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

Indicates O, tanks 1 or 2
pressure is above 950 psia
or below 800 psia.

Indicates S/M system has
failed due to one of the
following:

a. Regulated helium
manifold pressure
over 215 psia or under|
155 psia.

b. Package temperature
over 175°F or under
63°F.

c. Propellant quantity
ratio not within 6.0
percent of 2:1 ratio.

Indicates loss of -10-, -3-,
or t28-volt d-c power in

AGC.

Indicates excessive vibra-

tion sensed on SPS engine
due to rough combustion
during SPS engine firing.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

Illumination of any of the warning It
simultaneously illuminates the
MASTER ALARM and MASTER
WARNING 1t, and an audible tone is
sent to each headset.
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Table 1-13. S/C Panel No. 10 (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

12

C/M RCS A, B 1t

G&N ACCEL FAIL 1t

Indicates C/M system
failure due to over or
undernormal pressure of
regulated helium manifold
pressure prior to or after
pressurization (below 265
psia or above 325 psia).

Indicates 120-volt d-c power
loss or accelerometer error
failure in one or more
accelerometers.

Repeater 1t

Repeater 1t
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1.3.1.10

S/C Panel No. 11,

associated IOS repeater panel.

Figure 1-21 illustrates the SCM equivalent of S/C panel No.

11 and its

The controls and displays on this panel are
associated with the caution and warning system simulation.

each of the controls and displays.
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Table 1-14 defines the function and instructor visibility to the status of
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Table 1-14. S/C Panel No. 11

Key

Nomenclature

Function

Instructor
Visibility

Remarks

HZO ACCUM FAIL 1t

F/C BUS DISCONNECT 1t

SPS PRESS 1t

F/C1, F/C2, F/C31t

INV 1, 2, 3, TEMP HI 1t

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

Indicates detection of
oxygen in water expelled
from accumulator.

Indicates fuel cells 1, 2, or
3 has been disconnected
from d-c main bus A or B
due to fuel cell overload or
reverse current sensing
circuitry.

Indicates SPS propellant
tank pressure is above 200
psia or below 160 psia.

Indicates one of the follow-
ing conditions exist in the
respective fuel cell:

a. O, flow rate below
0.284 1b/hr or greater
than 1.304 1b/hr

b. Hp flow rate below
0.036 1b/hr or greater
than 0.163 lb/hr

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

d. A pH factor above 9

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

f. F/C condenser
exhaust temperature
less than 155°F or
above 170°F

g. H) regulator output
pressure greater than
75 psia

h. O, regulator output
pressure greater than
75 psia

i. Np regulator output
pressure greater than
70 psia.

Indicates a temperature of
above 1248°F exists in the

respective inverter.

Indicates voltage on the

respective d-c main bus
drops below 26.25 volts.

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

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

Instructor
Key Nomenclature Function Visibility Remarks

CAUT/WARN
7 POWER sw

1 Applies power to caution Repeater 1t
and warning system power
supply No. 1.

OFF Removes power from both
caution and warning system
power supplies.

2 Applies power to caution Repeater 1t
and warning system power
supply No. 2.

8 MODE sw

CSM Applies power to S/M Repeater 1t
system status lights
enabling both C/M and S/M
lights.

C/M Removes power from S/M Repeater It
system status lights ena-
bling C/M lights only.

9 AC BUS 1 and AC BUS 2 Indicates the following Repeater It
FAIL 1t conditions exist in any of
the three phases of the
respective a-c bus:

a. Undervoltage (below
85 to 100 volts)

b. Overvoltage (above
130 to 145 volts).

10 AC BUS 1 OVERLOAD 1t Indicates an overload exists | Repeater 1t Inverter supplying bus is auto-

and AC BUS 2 OVERLOAD on the respective a-c bus matically disconnected when overload
1t (250 to 300 percent rated is detected. ’
current).

11 SPS WALL TEMP HI 1t Indicates SPS wall temper- | Repeater 1t
ature has exceeded 485°F.

12 SPS PU SNSR FAIL It Indicates remaining SPS Repeater It
oxidizer-to-fuel ratio (by
weight) exceeds 300 pounds
or 90 percent of critical
unbalance.

13 O, FLOW HI 1t Indicates ECS oxygen flow Repeater It
has exceeded 1.0 1b/hr.

14 CO, PP HI It Indicates COp partial pres- | Repeater It
sure has exceeded 5 mm Hg.

15 CAUT/WARN FAIL 1t Indicates caution and warn- | Repeater It lAudio alarm portion of alarm sys-
ing power supply failure. tem inoperative due to failure.

16 YAW GMBL DR FAIL 1t Indicates an undercurrent Repeater 1t
or overcurrent condition
has occurred in main yaw
gimbal drive control.
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Table 1-14. S/C Panel No. 11 (Cont)

Instructor
Key Nomenclature Function Visibility Remarks

17 PITCH GMBL DR FAIL 1t Indicates an undercurrent Repeater 1t
or overcurrent condition
has occurred in main pitch
gimbal drive control.

18 GLYCOL TEMP LOW 1t Indicates water-glycol Repeater 1t
temperature from space
radiator output decreases
below -20°F.
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1.3.1.11 S/C Panel No. 12.

Figure 1-22 illustrates the SCM equivalent of S/C panel No. 12 and its
associated IOS repeater panels. All controls and displays with the exception

of the mission elapsed timer are associated with the reaction control system
simulation.

Table 1-15 defines the function and instructor visibility to the status of
each of the controls and displays.
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Figure 1-22. Spacecraft Panel No. 12
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Table 1-15. S/C Panel No. 12
Instructor
Key Nomenclature Function Visibility Remarks
1 S/M RCS - TEMP PKG Indicates temperature of Repeater indicator
indicator S/M RCS package A, B, C,
or D as selected by RCS
INDICATORS sw.
2 S/M RCS - PRESS - H_ Indicates helium tank pres- | Repeater indicator
indicator sure of S/M RCS package A,
B, C, or D as selected by
RCS INDICATORS sw
3 S/M RCS - PRESS - MANF |Indicates regulated helium Repeater indicator
indicator manifold pressure of S/M
RCS package A, B, C, or
D as selected by RCS
INDICATORS sw.
4 PROPELLANT QUANTITY -|Displays digital readout of Repeater display |Readouts indicate propellant quantity
OXIDIZER display quantity remaining in in pounds.
oxidizer tank of S/M RCS
package A, B, C, or D as
selected by RCS INDICA -
TORS sw.

5 RCS INDICATORS sw Connects inputs to propel- Repeater sw-1t Position of SCM sw is indicated by
lant temperature, pressure lighted lamp. However, I/O may
and quantity indicating read other parameters than those
devices. selected by trainee by depressing any

momentary pushbutton light. The
C/M - A and B C/M and S/M section are SCM indicator light remains on but
S/M - A, B, C, and D identical within their res- the IOS selected parameter is dis-
pective systems. played to the I/O. SCM displays are
not affected.
6 | MISSION ELAPSED TIME Displays mission elapsed (C/M only) Indicator has two set-knobs: one
clock time in 10-hour increments starts, stops, and resets the clock;
up to 400 hours. the other sets the hour and minute
hands.

7 PROPELLANT QUANTITY- |Displays digital readout of Repeater display |Readouts indicate propellant quantity

FUEL display quantities remaining in fuel in pounds.
tank of S/M RCS package A,
B, C, or D as selected by
RCS INDICATORS sw.
8 C/M RCS - PRESS - OX Indicates regulated helium Repeater indicator |Indicators zero when RCS INDICATORS
indicator pressure prior to entering sw is in any S/M position.
the oxidizer tank of the C/M
RCS system A or B as
selected by the RCS
INDICATORS sw.
9 C/M RCS - PRESS - F Indicates regulated helium Repeater indicator
indicator pressure prior to entering
fuel tank of C/M RCS sys-
tem A or B as selected by
RCS INDICATORS sw.
10 C/M RCS - PRESS - H Indicates helium tank pres- | Repeater indicator
indicator sure of C/M RCS system A
or B as selected by RCS
INDICATORS sw.
11 C/M RCS - TEMP - H, Indicates helium tank temp- | Repeater indicator
indicator perature of C/M RCS

system A or B as selected
by RCS INDICATORS sw.
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L.3.1. 12

S/C Panel No. 13

Figure 1-23 illustrates the SCM equivalent of S/C panel No. 13 and its
associated IOS repeater panels. The controls and displays on this panel are
associated with the communications and instrumentation, electrical power

system, environmental control system, and caution and warning system
simulation.

Table 1-16 defines the function and instructor visibility to the status of
each of the controls and displays.
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Figure 1-23. Spacecraft Panel No. 13
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Table 1-16. S/C Panel No. 13
Instructor
Key Nomenclature Function Visibility Remarks
1 C/W sw

NORMAL Provides power to the sys- | Repeater 1t NORMAL position to be used at all
tem status It to enable times other than boost phase or when
direct illumination of the 1t dark adaptation is required.
upon receipt of malfunction
signals.

BOOST Disconnects power from the| Repeater 1t BOOST position used during ascent
MASTER ALARM 1t on S/C phase to preclude possibility of
panel No. 3 preventing confusion between ABORT 1t and
illumination of 1t upon MASTER ALARM I1t.
receipt of malfunction
signal.

ACK Places the MASTER Repeater 1t ACK position used to retain dark
ALARM sw function into adaptation. With sw in ACK position,
system status circuitry pre- receipt of malfunction signal will
venting direct illumination illuminate the MASTER ALARM and
of the status It upon receipt MASTER WARNING It and initiate
of malfunction signals. audio alarm. To determine mal-

function, MASTER ALARM sw-lt is
depressed to illuminate the appropriate
system status light. Light will remain
ON as long as sw-1t is held depressed;
although, upon release, malfunction
may be recalled by depressing
MASTER ALARM sw-l1t or placing sw
to NORMAL.

2 Hp; HEATERS sw

Sw 1

AUTO Enables automatic pressure| Repeater It
sw to control power to H2
tank 1 heater elements.

OFF Removes power from H
tank 1 heater elements.

ON Applies power directly to Repeater 1t
H) tank 1 heater element. [

Sw 2

AUTO Enables automatic pressure| Repeater It
sw to control power to Hp
tank 2 heater elements.

OFF Removes power from H
tank 2 heater elements.

ON Applies power directly to Repeater It
Hj tank 2 heater elements.

3 O, HEATER sw

1-88

Sw 1

AUTO

Enables automatic pressure
sw to control power to Oy
tank 1 heater elements.

—

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

Instructor
Key Nomenclature Function Visibility Remarks

OFF Removes power from Op
tank 1 heater elements.

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

Sw 2

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

OFF Removes power from O2
tank 2 heater elements.

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

4 TANK PRESSURE
indicators

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

Hy, -2 Displays pressure of Hj Repeater
tank 2. indicator

Oy -1 Displays pressure of Oy Repeater
tank 1. indicator

0y -2 Displays pressure of O) Repeater
tank 2. indicator

5 Oz PRESS IND sw

TANK 1 Connects output of O2 Repeater It
tank 1 pressure transducer
to O TANK 1 PRESSURE
indicator

SURGE TANK Connects output of ECS Repeater It
surge tank pressure trans-
ducer to Op tank TANK 1
PRESSURE indicator.

6 H; FANS sw

Sw 1
AUTO

OFF

ON

Enables automatic pressure
sw to control power to fan
motor in Hp tank 1.

Removes power from Hj
tank 1 fan motors.

Applies power directly to
Hp tank 1 fan motors.

Repeater 1t

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

Instructor
Key Nomenclature Function Visibility Remarks
Sw 2
AUTO Enables automatic pres- Repeater 1t
sure sw to control power
to circulating fan motors
of Hp tank 2.
OFF Removes power from Hp
tank 2 fan motors.
ON Applies power directly to Repeater 1t
H, tank 2 fan motors.
7 TANK QUANTITY
indicators
Hy -1 Displays quantity of Hp Repeater
remaining in tank 1. indicator
H, -2 Displays quantity of H) Repeater
remaining in tank 2. indicator
Oz -1 Displays quantity of Op Repeater
remaining in tank 1. indicator
Oy -2 Displays quantity of O2 Repeater
remaining in tank 2. indicator
8 O FANS sw
Sw 1
AUTO Enables automatic pres- Repeater 1t
sure sw to control power
to Oz tank 1 fan motors.
OFF Remove power from O2
tank 1 fan motors.
ON Applies power directly to Repeater 1t
O tank 1 fan motors.
Sw 2
AUTO Enables automatic pres- Repeater It
sure sw to control power
to Oy tank 2 fan motors.
OFF Removes power from O2
tank 2 fan motors.
ON Applies power directly to Repeater 1t
O, tank 2 fan motors.
9 TEMP indicators
SUIT Provides temperature Repeater Normal operating range 45° to 55°F.
readout of suit supply indicator
manifold atmosphere.
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Table 1-16.

S/C Panel No. 13 (Cont)

Instructor

Key Nomenclature Function Visibility Remarks
CABIN Provides average temper- Repeater Normal operating range 50° to 70°F
ature readout of cabin indicator during prelaunch and 70° to 80°F in
atmosphere. flight.

10 PRESS indicators

SUIT Provides pressure readout Repeater Normal operation ranges are 14.6 psia
of suit circuit atmosphere indicator during prelaunch, 4.7 to 5. 3 psia in
at demand regulator normal flight, and 3. 75%0. 25 psia
sensing port. during emergency space flight.

CABIN Provides pressure readout | Repeater Normal operating ranges are 14.7 psia
of cabin atmosphere. indicator during prelaunch, 5. 0+0.2 psia during

normal flight, and 0. 0 psia during
emergency space flight.

11 PART PRESS CO2 Provides partial pressure Repeater Normal operating range indications

indicator readout of COp in suit indicator are 0.0 to 7. 6 mm Hg during pre-
circuit atmosphere. launch and in flight. Emergency
readings range from 7. 6 to 15. 0 mm
Hg.
12 AP SUIT COMP Provides pressure Repeater Normal operating range indications
indicator differential readout between| indicator are 0. 56 psi during prelaunch and
suit compressor inlet and 0.35 to 0. 38 psia in flight.
outlet manifolds.

13 FLOW O; indicator Provides total rate-of-flow | Repeater Normal O) flow range from 0. 20 to
reading of oxygen supplied | indicator 0.45 lb/hr during prelaunch and in
to ECS with exception of flight.

PLSS SUPPLY VALVE.
14 GLY EVAP - TEMP OUT Provides temperature read-| Repeater Normal operating range indications
indicator out of water-glycol at outlet| indicator are 40° to 50°F during prelaunch and
of water-glycol evaporator. 45+3°F in flight.
15 ECS RAD - TEMP OUT Provides temperature read-| Repeater
indicator out of water-glycolreturned| indicator
to C/M from S/M space
radiator.

16 CABIN TEMP - AUTO Permits manual adjustment| Repeater

thumbwheel of cabin temperature auto- | indicator
matic control unit.

17 CABIN TEMP sw

AUTO Maintains cabin temper- Repeater 1t
ature automatically to
setting of CABIN TEMP
thumbwheels.

MAN Permits manual control of Repeater 1t
cabin temperature using
CABIN TEMP thumbwheels.

18 GLYCOL EVAP -TEMP

IN sw

AUTO

Applies a-c power to
water-glycol temperature
control unit to auto-
matically regulate mixing
of hot and cold water-
glycol.

Repeater 1t
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Table 1-16.

S/C Panel No. 13 (Cont)

Instructor
Key Nomenclature Function Visibility Remarks
MAN Provides manual backup Repeater It

PRESS sw
19 HEAT/COOL sw

HEAT

(Off)

CcooL

20 AUTO/MAN sw

AUTO

MAN

21 GLYCOL EVAP - H,0

FLOW sw

AUTO

(Off)

ON

22 | H,0 IND sw

POT

WASTE

1-92

GLYCOL EVAP - BACK

operation of water-glycol
evaporator temperature
control valve using
universal T -handle tool.

Closes back-pressure
valve to decrease water
evaporation rate.

Remove power from back-
pressure valve.

Opens back-pressure valve
to increase water
evaporation rate.

Removes power from
GLYCOL EVAP - BACK
PRESS - HEAT/COOL sw;
applies power to back-
pressure control unit; auto-
matically regulates back
pressure in steam duct.

Provides manual operation
of back-pressure control
valve actuator.

Applies power to wetness
control unit; automatically
regulates water inflow to
water-glycol evaporator.

Removes power from
wetness control and water
control valve.

Provides manual backup
for operating water control
valve.

Selects potable water tank
quantity signal for display
on WATER QUANTITY
meter.

Selects waste tank quantity
signal for display on
WATER QUANTITY meter.

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Repeater sw-lt

Repeater sw-1t

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

Instructor may monitor readings other
than that selected by trainee by
depressing momentary sw-lt.
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Table 1-16. S/C Panel No. 13 (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

23

24

25

26

SUIT EVAP sw

AUTO

MAN

WASTE H;0 TK REFILL
sw

OFF

H,0 ACCUM sw
ON 1/OFF/ON 2 sw

ON 1

OFF

AUTO 1/MAN/AUTO 2 sw

AUTO 1

MAN

Automatically regulates
water inflow to suit
evaporator when cooling by
water-glycol is inadequate.

Permits manual control of
water inflow control valve
by use of universal

T -handle tool.

Applies power to solenoid
valve of S/M water tank 1
permitting water flow to
refill C/M water tanks.

Removes power from
solenoid valves.

Applies power to solenoid
valve of S/M water tank 2
permitting water flow to
refill C/M water tanks.

Manual backup control for
No. 1 cyclic accumulator
valve permitting oxygen
flow directly to
accumulator.

Removes power from
cyclic accumulator
solenoid valves.

Manual backup control for
No. 2 cyclic accumulator
valve permitting oxygen
flow directly to
accumulator.

Applies power to No. 1
cyclic accumulator control
unit to automatically time
and actuate accumulator
valve for 10 seconds every
10 minutes.

Provides manual control of
No. 1 or No. 2 cyclic
accumulator valves.

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater 1t

Repeater It

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

Instructor

Key Nomenclature Function Visibility Remarks
AUTO 2 Applies power to No. 2 Repeater 1t
cyclic accumulator control
unit to automatically time
and actuate accumulator
valve for 10 seconds every
10 minutes.
27 WATER - QUANTITY Provides readout of waste Repeater
indicator or potable water quantity indicator
as selected by HpO IND sw.
28 GLY ACCUM - Provides readout of water- | Repeater
QUANTITY indicator glycol coolant in indicator
accumulator.
29 VOLUME thumbwheel Increases or decreases Repeater
control audio signal level to indicator
earphones.
30 INTERCOM BALANCE Adjusts level of intercom Repeater
thumbwheel control signals in relation to indicator
incoming RF signals.
31 VOX SENS thumbwheel Adjusts the sensitivity of Repeater
control the voice-operated relay indicator
in the audio center module.
32 GLY EVAP STEAM Provides a readout of Repeater
PRESS indicator steam pressure discharged | indicator
from water-glycol
evaporator.
33 PRESS GLY DISCH Provides a static readout Repeater
indicator of water -glycol pump indicator
discharge pressure.
34 POWER sw
PTT Applies power to audio Repeater It VOX is disabled.
center module.
OFF Removes power from VOX is disabled.
audio center module.
VOX Applies power to audio Repeater 1t Depressing PTT pushbutton over-
center module and enables rides VOX control circuitry.
VOX circuitry.
35 S-BAND sw
T/R Enables astronaut 2 to Repeater It
transmit and receive over
S-band equipment when
operating in voice mode.
OFF Removes the audio input
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Table 1-16. S/C Panel No. 13 (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

36

3

38

39

REC

HF sw

T/R

OFF

REC

VHF -AM sw

T/R

OFF

REC

INTERCOM sw

T/R

OFF

REC

AL 2 1t (IOS only)

Enables the astronaut 2 to
receive only from the
S-band equipment when
operating in the voice mode.

Enables astronaut 2 to
transmit and receive over
the HF transceiver when
operating in the AM or
SSB mode.

Removes power from the
HF channel of the audio
center.

Enables astronaut 2 to
receiver only over HF
transceiver.

Enables astronaut 2 to
transmit and receive over
VHF -AM transmitter-
receiver.

Removes power from VHEF -
AM channel of audio
center.

Enables astronaut 2 to
receive only over VHF -AM
transmitter-receiver:

Enables astronaut 2 to
transmit and receive over
the intercom system.

Removes audio center
from intercom system.

Enables astronaut 2 to
receive only over inter-
com system.

Illumination indicates that
astronaut loop 2 is in use.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Operates in conjunction with console
communications system AL talk-
listen keys.
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AGC Display and Keyboard.

Figure I-24 illustrates the SCM equivalent of S/C panel No., 14, the AGC
display and keyboard, and.its associated IOS repeater panels. The controls and
displays on this panel are associated with the guidance and navigation system
simulation.

Table 1-17 defines the function and instructor visibility to the status of
each of the controls and displays.
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Figure 1-24. AGC Display and Keyboard Panel (Spacecraft Panel No. 14)
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Table 1-17. AGC Display and Keyboard Panel (S/C Panel No. 14)
Instructor
Key Nomenclature Function Visibility Remarks

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

2 KEY RLSE 1t Indicates that internal Repeater 1t
computer program has
attempted to use verb-noun
subroutine and has found
keyboard and display busy.

3 UPTL sw Upper half of these two indicators

repeats SCM UPTL sw position.
Lower halves are actuated under
program control and indicate functional
status of AMS with respect to block
up-link function.
ACCEPT Allows AGC to accept data Repeater 1t
received on up-link.
BLOCK Prohibits AGC from Repeater 1t
accepting up-link
information.
4 BRIGHTNESS thumbwheel Controls AGC DSKY 1t Repeater
control intensity. indicator
5 KEY RLSE pushbutton Releases registers 1, 2, Repeater 1t In event that keyboard is failed or
(P/B) and 3 from displaying key- AGC is off, keyboard repeats will
board data and allows still be present at IOS but KEYBOARD
display of program data. ACTIVE light will not be on. (Also
applies to 6, 7, 8, 9, 10, and 11.)
6 ERROR RESET P/B Causes lighted computer Repeater 1t
alarm display to go out.
7 ENTER P/B Causes data or noun/verb Repeater 1t
command to be entered in
computer.
8 NOUN P/B Prepares computer to Repeater 1t
accept noun code.
9 VERB P/B Prepares computer to Repeater It
accept verb code.

10 CLEAR P/B Allows erasure of Repeater It
erroneous number keyed
during data loading.

11 0 through 9 P/B Places in computer, binary | Repeater 1t
equivalent of octal or
decimal digits shown.

12 REGISTER display Display selected source Repeater 1t In event of simulated electro-
data or component of luminescent lamp failure, IOS
multicomponent data. repeaters will continue to display

commanded AGC characters.

13 VERB display Indicates two-digit display Repeater Same as 12.
indicating characters of display
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Table 1-17. AGC Display and Keyboard Panel (S/C Panel No. 14) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
14 NOUN display Indicates two-digit display Repeater Same as 12.
indicating characters of display
noun code selected.
15 ACTIVITY 1t Indicates activity in which
computer is presently
engaged.
UPTL Indicates computer is UPT L repeater
receiving up-telemetry 1t
data.
COMP Indicates computer is Repeater 1t
engaged in computation.
16 PROGRAM display Indicates number (decimal) | Repeater Same as 12.
of program presently in
progress.
17 Spare
18 KEYBOARD ACTIVE Indicates that keyboard Cues I/O that keyboard entries are

(IOS only)

entry is in progress,
imminent, or required.

being made or are expected.
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1.3.1, 14 S/C Panel No. 15.

Figure 1-25 illustrates the SCM equivalent of S/C panel No. 15 and its
associated IOS repeater panel. The controls and displays on this panel are
associated with the reaction control system simulation.

Table 1-18 defines the function and instructor visibility to the status of
each of the controls and displays.
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Figure 1-25. Reaction Control System Panel (Spacecraft Panel No. 15)
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Table 1-18. Reaction Control System Panel (S/C Panel No. 15)

Nomenclature

Function

Instructor
Visibility

Remarks
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QTY GAUGING-POWER sw

ON

OFF
QTY GAUGING - TEST sw

TEST

OFF

S/M RCS - HELIUM
No. 1 sw

A (B, C, D)
ON
(Center)
OFF

Event indicator flags
(C/M only)

S/M' RCS HELIUM NO. 2
(A, B, C, D) sw

Event indicator flags
(C/M only)

PROPELLANT sw

A (B, C, D)
ON
(Center)
OFF

Applies power to propellant
quantity gaging system.

Removes power from pro-
pellant quantity gaging
system.

Resets quantity sensing
circuitry.

Starts test mode.

Four identical sw each
controlling two helium
isolation valves for one
side of parallel pressuri-
zation system.

Actuates helium isolation
valves to open position.

Removes solenoid
actuation power.

Actuates helium isolation
valve to closed position.

Indicates position of He 1
valves.

Function identical to He 1
sw for 2 path.

Indicates position of He 2
valves.

Four identical sw: each
controlling two shutoff
valves (fuel, oxidizer).

Actuates propellant shutoff
valves in respective system|
to open position.

Removes solenoid
excitation power.

Actuates propellant shutoff
valves in respective sys-
tems to closed position.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Reduced or
increased
intensity of
related IOS
sw-repeater 1t

Repeater 1t
Reduced or
increased

intensity of

related IOS
sw-repeater It

Repeater 1t

Repeater 1t

Striped-line display indicates closed

condition of valve.

Monitored at IOS

by reduced intensity of repeater OFF

1t.

Same as 4.




SMéT-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-18. Reaction Control System Panel (S/C Panel No. 15) (Cont)

Instructor

Key Nomenclature Function Visibility Remarks
8 Event indicator flags Indicates position of pro- Repeater It Same as 4.
(C/M only) pellant shutoff valves.
9 Event indicator flags Indicates position of pro- Repeater 1t Same as 4.
(C/M only) pellant shutoff valves.
10 PROPELLANT sw Two functionally identical
sw: each controlling two
propellant shutoff valves in
respective systems.
ON Opens two propellant shut- | Repeater It
off valves in respective
system.
(Center) Removes actuation power.
OFF Closes two propellant shut-| Repeater 1t
off valves in respective
system.
11 Event indicator flags Indicates position of He Repeater 1t Same as 4.
| (C/M only) isolation valve.
C/M RCS HELIUM sw Two identical sw which

control activation of two
each helium isolation
valves.

ON Actuates two helium Repeater 1t
isolation valves to open
position in respective

system.
(Center) Removes valve actuating
power.
OFF Closes two helium Repeater 1t

isolation valves in
respective system.
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1.3.1.15
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S/C Panel No. 16.

Figure 1-26 illustrates the SCM equivalent of S/C panel No. 16 and its
associated IOS repeater panel. The controls on this panel are associated with
the sequence control group and reaction control system simulation.

Table 1-19 defines the function and instructor visibility to the setting of
each of the controls.
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Table 1-19.

S/C Panel No. 16

Key

Nomenclature

Function

Instructor
Visibility

Remarks

1-106

ABORT SYSTEM
OX DUMP sw

AUTO

RCS CMD AUTO

2 ENG OUT sw

AUTO

OFF

L/V RATES sw

AUTO

OFF

LES MODE/TWR JETT
SPS MODE sw

LES MODE

TWR JETT SPS MODE

EDS sw

AUTO

OFF

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

Disables the auto oxidizer
dump and allows the G&N,
SCS system to control the
C/M RCS during descent
from a medium-altitude,
high-altitude and/or SPS
abort.

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

Disables two-engine -out
automatic abort circuitry.

Enables emergency
detection system for launch
vehicle excessive rates
(pitch, roll, or yaw) auto-
matic abort capability.

Disables launch vehicle
excessive rates automatic
abort circuitry.

Enables circuitry for using
launch escape system
during abort.

Jettisons the launch
escape tower and arms the
adapter separation
circuitry.

Prepares the L/V-EDS
automatic abort circuitry
for automatic enabling at
1lift - off.

Disable all automatic
abort capabilities.

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

The 42-second timer starts at lift-off;
auto dump capability is disabled after
42 seconds.

OX DUMP sw is placed to RCS CMD
AUTO position 42 seconds after
lift - off.

After launch escape tower jettison,
all aborts must be manually initiated
and made in SPS mode.
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Table 1-19.

S/C Panel No. 16 (Cont)

Key

Nomenclature

Function

Instructor
Visibility

Remarks

10

C/M-S/M SEP sw

REACTION CONTROL SYS

TRANS sw

C/M

(Center)

S/M

C/M PRESS. sw

MAIN CHUTE RELEASE

sw

REACTION CONTROL SYS
CMD sw

ON

(Center)

OFF

Initiates C/M-S/M
separation, C/M RCS
pressurization, activates
S/M controller, and
transfers SCS control out-
out from S/M RCS to C/M
RCS.

Connects jet selection
control circuitry to C/M
RCS engines.

Normal position provides
automatic transfer to
proper RCS engines.

Connects jet selection
control circuitry to S/M
RCS engines.

Provides manual backup
for automatic C/M RCS
system pressurization.

Releases the main landing
parachutes from C/M
after landing.

Provides manual backup
for connecting SCS to RCS
jet selection logic.

Normal operating position
enabling automatic switch-
ing of RCS jet selection
logic to SCS.

Provides manual backup
for disconnecting SCS from
RCS jet selection logic.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

Switch provides manual backup for
automatic transfer. Also switches
entry batteries onto main d-c buses
and disables translational hand
controller in C/M position.
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1.3.1.16
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S/C Panel No. 17.

Figure 1-27 illustrates the SCM equivalent of S/C panel Ne. 17, the
HF antenna control panel, and its associated IOS repeater panel. The control
on this panel is associated with the communications and instrumentation system
simulation.

Table 1-20 defines the function and instructor visibility to the switch
setting.
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Figure 1-27. Spacecraft Panel No, 17
Table 1-20. S/C Panel No. 17
Instructor
Key Nomenclature Function Visibility Remarks
1 HF ANTENNA selector sw
RECOVERY Selects HF recovery Repeater 1t
antenna.
ORBITAL Selects HF orbital antenna Repeater 1t
on the S/M.
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Figure 1-28. Electrical Power System Panel (Spacecraft Panel No. 18)
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1.3.1,17 S/C Panel No. 18.

Figure l1-28 illustrates the SCM equivalent of S/C panel No. 18 and its
associated IOS repeater panels. The controls and displays on this panel are
associated with the electrical power system and caution and warning system
simulation.

Table 1-21 defines the function and instructor visibility to the status of
each of the controls and displays.
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Table 1-21. Electrical Power System Panel (S/C Panel No. 18)
Instructor
Key Nomenclature Function Visibility Remarks
1 pH HI event indicator Striped-line display indi- Repeater It Fuel cell to be monitored is selected
cates pH factor of potable by FUEL CELL INDICATORS sw.
water from selected fuel
cell is over 9. 5; gray
display indicates normal
pH factor.
2 F/C RAD TEMP LOW Striped-line display indi- Repeater 1t Glycol operating range is -50° to
event indicator cates selected fuel cell +300°F. Fuel cell to be monitored is
radiator temperature is selected by FUEL CELL INDICATORS
below -30°F. SW.
3 FUEL CELL - FLOW
indicators
Hy Indicates flow rate of Hp Repeater Normal flow is 0. 036 to 0. 090 1b/hr.
into selected fuel cell. indicator Alarm limits are 0. 036 1b/hr (lower)
and 0. 163 1b/hr (upper).
Oz Indicates flow rate of O Repeater Normal flow is 0. 284 to 0. 72 1b/hr.
into selected fuel cell. indicator Alarm limits are 0. 284 1b/hr (lower)
or 1.304 1b/hr (upper).
4 FUEL CELL - MODULE
TEMP indicators
SKIN Indicates skin temperature | Repeater Normal indicator is 385° to 425°F.
of selected fuel cell. indicator Alarm limits are 385°F (lower) and
500°F (upper).
COND EXH Indicates temperature of Repeater Operating range is 155° to 170°F.
selected fuel cell condenser| indicator
exhaust
5 REG OUT PRESS HI

1-112

event indicators

Hp

Oz

Striped-line display indi-
cates Hp regulator output
pressure exceeds 75 psia
on selected fuel cell; gray
display indicates normal
pressure.

Striped-line display indi-
cates Op regulator output
pressure exceeds 75 psia
on selected fuel cell; gray
display indicates normal
pressure.

Striped-line display indi-
cates output pressure of
N, regulator exceeds 70
psia on selected fuel cell;
gray display indicates
normal pressure.

Repeater 1t

Repeater 1t

Repeater 1t
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Table 1-21. Electrical Power System Panel (S/C Panel No. 18) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
6 FUEL CELL INDICATORS | Selects desired fuel cell to | Repeater sw-It Selected SCM position of sw is indicated
rotary sw be monitored by display at I0OS. However, I/O may, by depres-
indicators. sing any unlighted P/B associated with
sw, read other parameters. SCM
displays are not affected by I/O action.
7 MASTER ALARM sw-1t Illumination of 1t indicates Repeater 1t Illumination of It is accompanied by
a malfunction or out-of- audio tone ineachheadset. Depressing
tolerance condition as sw resets alarm circuitry which
indicated by illumination of extinguishes MASTER ALARM and
applicable system status It MASTER WARNING 1t and silences
on panels No. 10 and/or audio tone.
No. 11. '
8 BATTERY CHARGER Energizes battery charger Repeater 1t
rotary sw and selects battery to be
charged.
9 AC INVERTER
Sw 1
MNA Applies d-c power to a-c Repeater 1t Application of d-c power to selected
inverter 1. inverter is accomplished by motor-
driven sw controlledby AC INVERTER
OFF Disconnects d-c power from sw.
a-c inverter 1.
Sw 2
MNB Applies d-c power to a-c Repeater 1t
inverter 2.
OFF Disconnects d-c power from
a-c inverter 2.
Sw 3
MNA Applies d-c power from Repeater 1t
MAIN bus A to a-c
inverter 3.
OFF Disconnects d-c power from
inverter 3.
MNB Applies d-c power from Repeater 1t
main bus B to a-c
inverter 3.
10 AC BUS 1 sw (Group)
Sw 1
ON Applies a-c output of Repeater 1t
inverter 1 to a-c bus 1.
OFF Disconnects a-c output of

inverter 1 from a-c bus 1.
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Table 1-21. Electrical Power System Panel (S/C Panel No. 18) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
Sw 2
ON Applies a-c output of Repeater It
inverter 2 to a-c bus 1.
OFF Disconnects a-c output of
inverter 2 from a-c bus 1.
Sw 3
ON Applies a-c output of Repeater 1t
inverter 3 to a-c bus 1.
OFF Disconnect a-c output of
inverter 3 from a-c bus 1.
11 RESET - OFF sw
RESET Resets a-c bus 1 over- Repeater 1t Resetting sensing unit extinguishes
undervoltage and over- AC BUS 1 FAIL and AC BUS 1
load sensing unit. OVER-LOAD caution and warning It
when failure occurs.
(Center) Energized a-c bus 1 over- ON repeater 1t
undervoltage and over-
load sensing unit.
OFF Disconnects a-c bus 1
over -undervoltage and
overload sensing unit from
system.
12 AC BUS 2 sw (Group)
Sw 1
ON Applies a-c output of Repeater 1t
inverter 1 to a-c bus 2.
OFF Disconnects a-c output of
inverter 1 from a-c bus 2.
Sw 2
ON Applies a-c output of Repeater 1t
inverter 2 to a-c bus 2.
OFF Disconnects a-c output of
inverter 2 from a-c bus 2.
Sw 3
ON Applies a-c output of Repeater 1t
inverter 3 to a-c bus 2.
OFF Disconnects a-c output of
inverter 3 from a-c bus 2.
13 AC VOLTS meter Indicates a-c voltage of Repeater meter Meter used in conjunction with AC
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Table 1-21.

Electrical Power System Panel (S/C Panel No. 18) (Cont)

Nomenclature

Function

Instructor
Visibility

Remarks

16

17

18

19

20

21

RESET - OFF sw

RESET

(Center)

OFF

FREQUENCY meter

AC INDICATORS rotary

sw

DC AMPS meter

DC INDICATORS rotary

sw

DC VOLTS meter

Event indicators (C/M

only)

MAIN BUS B sw (group)

Sw 1

ON

(Center)

OFF

Resets a-c bus 2 over-
undervoltage and overload
sensing unit.

Energizes a-c bus 2 over-
undervoltage and overload
sensing unit.

Disconnects a-c bus 2
over -undervoltage and
overload sensing unit from
the system.

Indicates frequency of
selected source and phase.

Provides means for
monitoring 3 -phase
voltage and frequency of
a-c inverters.

Indicates d-c current of
selected source, unit, or
bus.

Selects power source, bus,
or unit to be monitored by
DC VOLTS and DC AMPS
meter.

Indicates d-c voltage of
selected source, unit, or
bus.

Indicates whether or not
fuel cell output is con-
nected to main bus B;
striped line indicates fuel
cell disconnected from
bus; gray display indicates
fuel cell connected to bus.

Applies output of fuel cell 1
to d-c main bus B.

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

Removes output of fuel
cell 1 from d-c main bus B.

Repeater 1t

ON repeater 1t

Repeater meter

Repeater sw-l1t

Repeater meter

Repeater sw-1t

Repeater meter

Reduced intensity
of related OFF 1t
indicates fuel cell
disconnected
from bus.

Repeater 1t

Repeater 1t

Resetting sensing unit also extinguishes
AC BUS 2 FAIL and AC BUS 2
OVERLOAD caution and warning 1t
when failure occurs.

Meter used in conjunction with AC
INDICATORS sw.

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

Meter used in conjunction with DC
INDICATORS sw.

Same as 6.

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

Electrical Power System Panel (S/C Panel No. 18) (Cont)

Key

Nomenclature

Function

Instructor

Visibility Remarks

22

23

24
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Sw 2

ON

(Center)

OFF

Sw 3

ON

(Center)

OFF

RESET - OFF sw

RESET

(Center)

OFF

Event indicators (C/M
only)

MAIN BUS A sw (group)
Sw 1

ON

(Center)

Applies output of fuel cell 2
to d-c main bus B.

Connects C&W alarm and
F/C BUS DISCONNECT 1t
to fuel cell 2 control
switching.

Removes output of fuel
cell 2 from d-c main bus B.

Applies output of fuel cell 3
to d-c main bus B.

Connect C&W alarm and
F/C BUS DISCONNECT 1t
to fuel cell 3 control
switching.

Removes output of fuel
cell 3 from d-c main bus B.

Reset d-c main bus B
undervoltage sensing unit.

Connects MN BUS B
UNDERVOLT 1t to d-c

bus A undervoltage sensing
circuit.

Disconnects MN BUS B
UNDERVOLT 1t from d-c
bus B undervoltage sensing
circuit.

Indicates whether or not a
fuel cell is connected to
main bus A. Striped line

isplay indicates fuel cell
disconnected from bus;
gray display indicates fuel
cell connected to bus.

Applies output of fuel cell 1
to main bus A.

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

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

—

Repeater 1t

ON repeater It

Reduced intensity
of related OFF 1t
indicates fuel cell
disconnecte

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

Instructor
Key Nomenclature Function Visibility Remarks

OFF Removes output of fuel Repeater 1t
cell 1 from main bus A.

Sw 2

ON Applies output of fuel Repeater It
cell 2 to main bus A.

(Center) Connects C&W alarm and
F/C BUS DISCONNECT 1t
to fuel cell 2 control
switching.

OFF Disconnect output of fuel Repeater 1t
cell 2 from main bus A.

Sw 3

ON Applies output of fuel Repeater 1t
cell 3 to main bus A.

(Center) Connects C&W alarm and
F/C BUS DISCONNECT 1t
to fuel cell 3 control
switching.

OFF Removes output of fuel Repeater 1t
cell 3 from main bus A.

25 RESET - OFF sw

RESET Resets main bus A under- Repeater 1t
voltage sensing unit.

(Center) Connects MN BUS A ON repeater 1t
UNDERVOLT 1t to under -
voltage sensing unit.

OFF Disconnects MN BUS A
UNDERVOLT 1t from
undervoltage sensing
circuit.

26 Event indicators (C/M Striped-line display indi- Reduced intensity
only) cates O shutoff valves on on related OFF 1t
fuel cells are closed; gray indicates valves
display indicates valves closed.

open.

25 FUEL CELL -REACTANTS
sw (group)

Sw 1

ON Connects power to fuel Repeater 1t
cell 1 Hy and O valves
driving valves open.

(Center) Normal operating position
which maintains valves in
last selected position.
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Table 1-21.

Electrical Power System Panel (S/C Panel No. 18) (Cont)

Instructor
Key Nomenclature Function Visibility Remarks

OFF Connects power to fuel Repeater 1t
cell 1 Hy and O, valves
driving valves closed.

Sw 2

ON Connects power to fuel Repeater 1t
cell 2 Hp and O driving
valves open.

(Center) Normal operating position
which maintains valves in
last selected position.

OFF Connects power to fuel Repeater 1t
cell 2 Hp and O) valves
driving valves closed.

Sw 3

ON Connects power to fuel Repeater 1t
cell 3 Hp and O3 valves
driving valves open.

(Center) Normal operating position
which maintains valves in
last selected position.

OFF Connects power to fuel Repeater 1t
cell 3 Hp and O) valves
driving valves closed.

28 FUEL CELL - H;/0;

PURGE sw (group)

Sw 1

H, PURGE

OFF

o, PURGE

Sw 2

H, PURGE

OFF

0, PURGE

1-118

Opens fuel cell 1 purge
valve purging impurities
from H; electrodes.

Removes power from
purge valve closing valve.

Open purge valve on fuel
cell 1 purging impurities
from Oj electrode.

Opens fuel cell 2 purge
valve purging impurities
from Hy electrodes.

Removes power from
purge valve closing valve.

Open fuel cell 2 purge
valve purging impurities
from O, electrodes.

Repeater 1t

Repeater 1t

Repeater 1t

Repeater 1t

When purge is executed, C&W alarm
system is activated due to abnormal
flow rate of reactants in selected fuel

cell.
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Table 1-21. Electrical Power System Panel (S/C Panel No. 18) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
Sw 3

H,; PURGE Opens fuel cell 3 purge Repeater 1t
valve purging impurities
from Hj electrodes.

OFF Removes power from
purge valve, closing valve.

O, PURGE Opens fuel cell 3 purge Repeater 1t

valve purging impurities
from O, electrodes.
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1.3.1.18

1-120

S/C Panel No. 19.

Figure 1-29 illustrates the SCM equivalent of S/C panel No. 19 and its
associated IOS repeater panel. The control and display on this panel are
associated with the communications and instrumentation system simulation.

Table 1-22 defines the function and instructor visibility to the status of
the control and display on this panel.
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Figure 1-29. Antenna Control System Panel (Spacecraft Panel No. 19)

Table 1-22. Antenna Control System Panel (S/C Panel No. 19)

Instructor
Key Nomenclature Function Visibility Remarks

1 S-BAND ANT meter Displays magnitude of Repeater meter
received USBE-AGC signal.

2 FLIGHT QUAL RCDR sw

RECORD Activates flight qualification| Repeater 1t Flight qualification recorder not
recorder to record flight included in AMS configuration.
qualification instrumenta-
tion data.

STOP Deactivates flight qualifica- | Repeater 1t

tion recorder.

REWIND Activates flight qualification| Repeater 1t

recorder in reverse direc-
tion to rewind tape.
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Communications Control Subpanel (Spacecraft Panel No. 20)
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1.3.1.19

S/C Panel No. 20.

Figures 1-30 and 1-31 illustrate the SCM equivalent of S/C panel No. 20

and its associated IOS repeater panels. The controls on this panel are asso-

ciated with the communication, instrumentation, and the service propulsion
system simulation.

Tables 1-23 and 1-24 define the function and instructor visibility to the
setting of each of the controls.
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Table 1-23. Communications Control Subpanel (S/C Panel No. 20)
Instructor
Key Nomenclature Function Visibility Remarks
1 S-BAND sw XPONDER -
OFF - XPONDER PWR
AMPL sw
XPONDER Activates USBE trans- Repeater 1t Power output is 200 milliwatts in this
ponder and applies power mode.
to S-BAND ANTENNA sw.
OFF Removes power from trans-
ponder; removes power
from S-BAND ANTENNA
SW.
XPONDER PWR AMPL Activates USBE transponder)| Repeater 1t Power output in this mode governed
applies power to S-BAND by position of PWR AMPL sw.
PA and S-BAND ANTENNA
SW.
2 PWR AMPL sw
HIGH Selects 20-watt output mode | Repeater 1t PWR AMPL is effective only when
of S-BAND PA. XPONDER - OFF XPONDER PWR
AMPL sw is in XPONDER PWR
AMPL position,
LOW Selects 5-watt output mode | Repeater 1t
of S-BAND PA.
3 OSC sw
PRIM Selects primary oscillator Repeater 1t
for use with USBE trans-
mitter.
SEC Selects secondary oscillator| Repeater 1t
for use with USBE trans-
mitter.
4 VOICE
RNG - RNG ONLY sw
RNG Selects ranging, PCM ‘Repeater 1t
telemetry, and voice modes
in PMP,
OFF None.
RNG ONLY Selects voice mode in PMP;| Repeater 1t
selects ranging and PM
modes in USBE,
5 VOICE
TAPE - ANALOG sw
TAPE Selects tape, voice, and Repeater 1t
PCM telemetry modes in
PMP; selects FM mode in
USBE
OFF None.
ANALOG Selects real time analog Repeater 1t
data, voice, and PCM
telemetry in PMP; selects
FM mode in USBE.,
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Table 1-23. Communications Control Subpanel (S/C Panel No. 20) (Cont)

Instructor
Key Nomenclature Function Visibility Remarks
6 VOICE
TV/PLSS sw
TV Selects TV, voice, and PCM Repeater 1t
telemetry modes in PMP;
selects FM mode in USBE,
OFF None.
PLSS Selects voice, PCM, and Repeater 1t
EVA telemetry modes in
PMP; selects FM mode in
USBE.
7 EMERG - VOICE/KEY sw
VOICE Selects emergency FM Repeater 1t
mode in USBE transponder;
selects emergency voice
mode in PMP.
OFF Selects no mode.
KEY Selects PM mode in USBE | Repeater 1t
transponder; selects emer-
gency key mode in PMP,
8 UP-DATA sw
S-BAND Enables up-data link equip- | Repeater It
ment; selects S-band
receiver for up-data
reception.
OFF Disables up-data link
equipment.
UHF Enables up-data link equip- | Repeater 1t
ment; selects UHF
receiver for up-data
reception.
9 S-BAND ANTENNA sw
AUTO Permits automatic selec- Repeater 1t
tion of SCIN antenna for
use by USBE,
UPPER Selects -Z SCIN antenna Repeater 1t
for use by USBE.
LOWER Selects +Z SCIN antenna Repeater 1t
for use by USBE.
10 VHF ANTENNA sw

UPPER

LOWER

RECOVERY

Selects SCIN antenna on
+Z-axis.,

Selects SCIN antenna on
-Z-axis,

Selects VHF recovery
antenna No, 2

Repeater 1t

Repeater 1t

Repeater 1t

1-125




SM6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-23. Communications Control Subpanel (S/C Panel No. 20) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
TLM IMPUTS sw
11 BIOMED sw
1 Selects hardline biomedical | Repeater 1t
data from commander for
PCM transmission via
S-band.
2 Selects hardline biomedical | Repeater 1t
data from navigator for
PCM transmission via
S-band
3 Selects hardline biomedical | Repeater 1t
data from engineer for
PCM transmission via
S-band.
12 ANALOG sw
1 Selects analog 1 data mode | Repeater 1t
in PMP.
2 Selects analog 2 data mode | Repeater 1t
in PMP.
13 PCM sw
HIGH Selects normal PCM TLM Repeater 1t
data mode rate (51. 2kbps)
in PCM equipment; selects
high-speed assurance mode
of DSE,
LOW Selects narrow band PCM Repeater 1t
TLM data mode (1. 6 kbps)
in PCM equipment; selects
low-speed assurance mode
in DSE,
POWER sw
14 PMP sw
ON Applies power to PMP. Repeater 1t
OFF Disconnects power from
PMP.
15 SCE sw
ON Applies power to SCE, Repeater 1t
OFF Disconnects power from
SCE.
TAPE RECORDER sw
16 FWD/REV sw
FWD Applies power to drive tape | Repeater 1t
transport in forward
direction.
(Center) Applies power to recorder
which holds tape transport-
stationary.

1-126




SM6T-2-02

APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-23. Communications Control Subpanel (S/C Panel No. 20) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
REV Applies power to drive tape | Repeater 1t
transport in reverse
direction.,
17 RECORD - PLAY sw
RECORD Selects record mode of Repeater 1t
PMP and applies power to
DSE record circuitry.
(Center) Removes power from DSE
and DSE-PMP interface.
PLAY Selects playback mode of Repeater 1t
PMP and applies power to
DSE playback circuitry.
18 SPEED sw
HIGH Selects high-speed (120ips) | Repeater 1t
mode of tape transport.
NORM Selects normal-speed Repeater 1t
(15 ips) mode of tape
transport.
LOW Selects low-speed (3.75ips)| Repeater 1t
mode of tape transport.
‘ 19 PLAY sw
PCM Selects PCM playback mode | Repeater 1t
of PMP and DSE.
NORM Selects PCM and analog Repeater 1t
playback mode of PMP and
DSE.
ANALOG Selects analog playback Repeater 1t
mode of PMP and DSE.
VHF - AM

20

21

22

SQUELCH thumbwheel
control

T/R - OFF - REC sw

T/R

OFF

REC

RCVR sw

Increases or decreases
sensitivity of squelch gate.

Applies power to trans-
mitter and receiver cir-
cuitry in VHF-AM
transmitter-receiver.

Removes power from VHF-
AM transmitter-receiver.

Applies power to receiver
only of VHF-AM
transmitter-receiver.

Selects VHF-AM receiver
frequency No. 1.

Selects VHF-AM receiver
frequency No. 2.

Repeater
indicator

Repeater 1t

Repeater 1t

Repeater It

Repeater 1t

No. 1 frequency is 296.8 mc.

No. 2 frequency is 259.7 mc.
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Table 1-23. Communications Control Subpanel (S/C Panel No. 20) (Cont)
Instructor
Key Nomenclature Function Visibility Remarks
23 C-BAND sw
1 PULSE Applies power to C-band Repeater 1t
transponder and selects
1-pulse mode of operation.
OFF Removes power from C-
band transponder.
2 PULSE Applies power to C-band Repeater 1t
transponder and select
2-pulse mode of operation.
24 VHF-FM sw
ON Energizes VHF-FM trans- | Repeater 1t
mitter.
OFF Removes power from
VHF -FM transmitter.
RECOVERY sw
25 VHF-BCN sw
ON Applies power to VHF Repeater 1t
recovery beacon.
OFF Removes power from VHEF
recovery beacon.
26 HF-ON/OFF sw
ON Applies power to HF Repeater 1t
transceiver.
OFF Removes power from HF
transceiver.
27 SSB/BCN/AM sw i

SSB

BCN

AM

1-128

Selects SSB mode of HF
transceiver.

Selects AM mode of HF
transceiver and closes
keying circuit of HF
transmitter.,

Selects AM mode of HF
transceiver.

Repeater 1t

Repeater 1t

Repeater 1t
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Figure 1-31. SPS Quantity Gaging Subpanel (Spacecraft Panel No. 20)

1-129




SM6T-2-02
APOLLO MISSION SIMULATOR INSTRUCTOR HANDBOOK

Table 1-24.

SPS Quantity Gaging Subpanel (S/C Panel No. 20)

Key

Nomenclature

Function

Instructor
Visibility

Remarks
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He TANK indicators

TEMP

PRESS - NZ TK PRESS

PRESSURE indicators

FUEL

OoX

ENG INLET - FUEL

ENG INLET - OX

SPS ENGINE INJECT
VALVE indicators 1, 2,
3, 4

QUANTITY - OX display

QUANTITY - FUEL display

UNBALANCE meter

TEST - AUTO - TEST sw

TEST (up)

AUTO

Provides constant monitor-
ing of unregulated helium
tank temperature.

Time-shared indicator
indicating unregulated
helium tank pressure, SPS
system. Gaseous nitrogen
tank pressure or SPS sys -
tem B gaseous nitrogen tank]|
pressure as selected by
SPS TANK PRESS sw.

Provides constant moni-
toring of regulated helium
pressure prior to entering
fuel tank.,

Provides constant moni-
toring of regulated heliurm
pressure prior to entering
oxidizer tank.

Provides monitoring of
fuel pressure at engine
interface.

Provides constant moni-
toring of oxidizer pressure
at engine interface.

Provides indication of SPS
engine main propellant
valves open or closed
condition,

Digital counter display
indicating oxidizer tank
quantity remaining
(pounds times 20),

Digital counter display
indicating fuel tank quantity
remaining (pounds times
10).

Graduated meter indicating
propellant mixture unbal-
ance.

Applies simulated input to
propellant quantity gaging
and utilization system con-
trol unit causing digital
display counters and
UNBALANCE meter to
function for test check.

Normal operating position.

Repeater
indicator

Repeater indicaton

Repeater indicator]

Repeater indicator

Repeater indicator

Repeater indicaton

Repeater

indicators

Repeater display

Repeater display

Repeater meter

Repeater 1t

Repeater 1t

Left needle deflection indicates
CLOSE; right needle deflection
indicates OPEN,

Meter needle at zero indicates
prope<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>