APOLLO
CSM LOGISTICS TRAINING

STUDY MATERIAL FOR

CREW EQUIPMENT COURSE

MAY 1, 1969 FOR TRAINING PURPOSES ONLY

SPACE DIVISION
NORTH AMERICAN ROCKWELL CORPORATION




This study material contains applicable subsections of the

current ipollo Ovarations Handbook, SM2A-03-BLOCK ITI-(1).

The Subjiect irea of Crew Syrstems or Fauipment Should be Tdirected

to:

walt Lowe

Space Division
North American Rockwell
Comey, California

Extension 4325, 6, or 7




LIST OF ABBREVIATIONS/ACRONYMS

Aft Bulkhead
Amplitude Yodulated
Assembly

Biomedical Belt

Circult Breaker

Commander

Contractor Furnished Equipment
Communications Soft Hat ‘
Command Module

Command Module Pilot

Crewman Optical Alignment Sight
Cold Plate Clamp

Command Service liodule

Constant liear Garment

Data Acgquisition Camera
Descent Propulsion System

Electrocardiogram
Environmental Control System
Electroluminescence
Extravehicular Hobility Unit
Emergency Oxygen System
Extravehicular
Extravehicular Activity
Fxtravehicular Crew Transfer
Extravehicular Gloves
Extravehicular Visor Assembly

Forvard Bulkhead

Flight Coveralls

Fecal Containment System
Fecal Emesis

Flashes Pur Minute

Guidance and Navigation
Government Furnished Equipment
Government Furnished Property

Helmet Shield

Intravehicular Cover
Inside Diameter
Integrated Thermal Meteoroid Garment




1CG Liquid Cooled Garment

LEB Lower Equipment Bay

LHEB Left Hand Equipment Bay

LKFER Left Hand Forward Equipment Bay

LHIEB Left Hand Intermediate Egquipment Bay

LIOH Lithium Hydroxide

M Lunar Module

LMP Lunar Module Pilot

10 Lunar Overshoes

INC Main Display Console

FSFN Manned Space Flight Network

NPD3 Nuclear Particle Detection System

PGAa Pressure Garment Assembly

PLOS Porteble Life Support System

PLV Postlanding Ventilation

PPK Pilots Preference Kits

PRD Personal Radiation Dosimeter

QD Guick Disconnect

RAD Unit of Absorbed Radiation Dosage (One RAD
equals 1 ergs)

REF Reference

R/F Radio Frequency

RHEB Right Eand Equipment Bay

RHFEB Right Hand Forward Equipment Bay

RHIEB Right Hand Intermediate Equipment Bay

RL Radioluminescent

R/R Remove and Replace

RRT Rendezvous Radar Transponder

RSH Radiation Survey Meter

RTV Room Temperature Vulcanizing

SC Spacecraft

SLA Spececraft 1} Adapter

SSA Spacesuit Assembly

UCTA Urine Collection and Transfer Assembly

UHF Ultra High Frequency

urs Urine Transfer System

VABD VanAllen Belt Dosimeter

wris Waste Management System

YA Impedance Pneumograph

1i1
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SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

1.3.2.3

1.3.2.3.1

1.3.2.3.2

Crew Compartment.

The crew compartment or inner structure (figure 1-7) is a sealed
cabin with pressurization maintained by the environmental control system
(ECS). The compartment, protected by a heat shield, contains controls
and displays for operation of the spacecraft and spacecraft systems, crew
couches and restraint harness assemblies, hatch covers, window shades,
etc., and is provided with crew equipment, food and water, waste manage-
ment provisions, and survival equipment. Access hatches, observation
windows, and equipment bays are attached as part of the compartment
structure. The interior volume is 366 cubic feet. However, the lower,
right, and left equipment bays, lockers, couches, and crewman occupy
156 cubic feet, leaving a usable volume of 210 cubic feet.

The crew compartment heat shield (figure 1-5), like the forward
heat shield, is made of brazed stainless-steel honeycomb and covered
with ablative material. This heat shield, or outer structure, contains the
SC umbilical connector outlet, ablative plugs, a copper heat sink for the
optical sighting ports in the lower equipment bay, two side observation
windows, two forward viewing windows, and the side access hatch.

Crew Compartment and Equipment Bays.

Each crew member has personal and accessory equipment provided
for his use in the crew compartment. Major items of personal equipment
consist of a spacesuit assembly with attaching hose and umbilical, a
communications assembly, biomedical sensors, and radiation dosimeters.
Major items of accessory equipment sliared by the crew consist of an *
in-flight tool set and a medical kit. (or a detailed list of crew equip-
ment, refer to section 2.i2. General items contained in the CM equipment
and stowage bay: are listed in figures 1-26 2nd 1-27.

Protection Panels.

The protection panels prevent loose equipment (tools, etc.) and
debris from getting into the various rooks and crevices in the crew com-
partment. They also suppress fire by closing out the equipment bays with
covers around the aft bulkhead, and protect the ECS tubing from the zero g
activities of the crew and the prelaunch activities of ground personnel.
The location and configuration of the protection panels are illustrated in
figure 1-8.

The protection panels (also referred to as close-out panels) are a
series of aluminum panels and covers that fair the irregular structure to
the equipment bays and wire troughs and covers. The panels vary in
thickness and are attached to secondary structures by captivated fas-
teners. Access panels and penetrations are located at or over equipment
and connectors needed for the mission.

Mission
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SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

1.3.2.3.3 Loosc Equipment Stowage.

ment is in compartments and lockers (figure 1-9). Compartments are part
of the crew compartment structure. Equipment is placed in '"cushions'

| and inserted into the compartments. The aluminum lockers are packed

/ with equipment in an assembly building and are quickly attached to the aft

|

|

B The stowage of numerous items of personal and systems loose _juip-

bulkhead and equipment bays a short time before launch. This allows aft
bulkhead access during spacecraft ground processing. The compartment
and locker doors have squeeze-type latches and can be opened and closed
with one hand.

/ 1.3.2.4 SC Controls and Displays.

The controls and displays (panels, switches, gages, valve handles,
etc.) for operation oi the spacecraft and its systems are located through-
out the crew compartment. The location, nomenclature, function, and
power source of the controls and displays are provided in section 3 of this
handbook. The panel numbers indicate the equipment bay and area of loca-
tion. The panel numbering system is shown in figure 1-10. For instance,
the 100 to 199 series will be loca‘ed in the lower equipment bay (LEB).
The LEB is divided into panel areas such as 100-119 in the upper left,
120-139 in the upper center, etc. The advantage of this system is (given
a panel number and knowing the numbered areas) to enable the crew to
pinpoint the area and locate the panel very quickly.

Figure 1-9. Stowage Compartments and Lockers

BLOCK II SPACETZRAFT CONFIGURATION
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SYSTEMS DATA

SECTION 2
SUBSECTION 2.12

CREW PERSONAL EQUIPMENT

2.12.1 INTRODUCTION.

This section contains the description and operation of Contractor-
and NASA-furnished crew personal equipment and miscellaneous stowed
equipment that is not described in other sections of the handbook. All
major items are identified as Contractor-furnished equipment (C}'E) or
Government-furnished (NASA) property (GFP).

The crew equipment will be presented in the general order of opera-
tional usage. A brief outline is as follows:

A. Spacesuits (paragraph 2.12.2)
1. Intravehicular Spacesuit Assembly .
(a) Biomedical Harness and Belt
(b) Constant Wear Garment (CWQG)
(c) Flight Coveralls
(d) Pressure Garment Assembly (PGA)
(e) Associated Umbilicals, Adapters, and Equipment
2. Extravehicular Spacesuit Assembly
(a) Liquid-Cooled Garment (LCG)
(b) PGA -with Integrated Thermal Meteroid Garment (ITMG)
(c) Associated Equipment
B. G-Load Restraints (paragraph 2.12.3)
1. Crewman Restraint Harness
2. Interior Handhold and Straps
3. Hand Bar
C. Zero-g Restraints (paragraph 2.12.3)
1. Rest Stations
2. Velcro and Snap Restraint Areas
3. Straps
D. Internal Sighting and Illumination Aids (paragraph 2.12.4)
1. Window Shades
2. Mirrors
3. Crewman Optical Alignment Sight (COAS)
4. LM Active Docking Target
5. Window Markings
6. Miscellaneous Aids
CREW PERSONAL EQUIPMENT
Mission Basic Date 15 April 1969 Change Date Page 2.12-1
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SYSTEMS DATA

E. External Sighting and Illumination Aids
Exterior Spotlight

Running Lights

EVA Floodlight

EVA Handles with RL Disks
Rendezvous Beacon

Mo Wi -

F. Mission Operational Aids (paragraph 2.12.5)
1. Flight Data File
2. Inflight Toolset
3. Cameras
4. Accessories & Miscellaneous
(a) Waste Bags
(b) Pilot's Preference Kits (PPKs)
(c) Fire Extinguishers
(d) Oxygen Masks
(e) Utility Outlets
(f) Scientific Instrumentation Outlets

G. Crew Life Support (paragraph 2.12.6)
1. Water
2. Food
3. Waste Management System
4. Personal Hygiene

H. Medical Supplies and Equipment (paragraph 2.12.7)
I. Radiation Monitoring and Measuring Equipment (paragraph 2.12.8)

J. Post Landing Recovery Aids (paragraph 2.12.9)
1. Postlanding Ventilation Ducts
2. Swimmer Umbilical and Dye Marker
3. Recovery Beacon

Snagging Line

Seawater Pump

. Survival Kit

o U W

K. Equipment Stowage (paragraph 2.12.10)

On the following pages is an alphabetical listing of the stowable
Apollo crew personal and miscellanecus equipment that will be described
in this section. Miscellaneous spacecraft equipment that is mounted on
spacecraft structure internally or externally is described in this section
but is not listed in the following chart.

CREW PERSONAL EQUIPMENT

Mission Basic Date 15 April 1969 Change Date Page 2.12-2




SM2A-03-BLOCK I1I-(1)
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SYSTEMS DATA

Dimensions Total | Wt
Wt Each
Item CFE | GFP | Qty L W H (Lb) | (Lb) | Paragraph
Adapter, CWG X 3 2.12.2
electrical
Adapter, CWG "T", X 4 3.2 0.8 2.12.2
w bag
Adapter, contingency X 1 2.12.6
feeding
Adapter, urine hose X 1| 5" 1"D 2.12.6
to UCTA
Bag, accessory X 3 0.60 0.20]| 2.12.5
Bag, helmet stowage X 3| 0.99 0.33] 2.12.2
Bag, PGA stowage X 1 | 32" 18" 2" 4.3 2.12.2
Bags, temp stowage X 3 | 36" 13" ™ 5.1 1.7 2.12.5
Bag, tunnel hatch X 1 28"D 2.12.3
Bracket, 16mm DAC X 117 0.7 0.7 2.12.5
Cable, aux dump X 1 | 108" 0.2 | 2.12.6
nozzle htr
Cable, grounding X 1 2.12.5
Camera, 70 mm X 1 |5 4 5" 4.04] 2.12.5
electric Hasselblad
Camera, 16 mm data X 117 4" 2" 1.93| 2.12.5
acquisition with
power cable
Cap, hose screen, X 3 1.00 0.20] 2.12.2
w bag
Cap, aux dump nozzle X 1 0.20] 2.12.6
pressure
Cassette, 70 mm X *
camera film
Clamps, UCD ’ X 3 0.03 0.01] 2.12.2

*Refer to spacecraft stowage list

CREW PERSONAL EQUIPMENT
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Item

Dimensions

Total] Wt

Wt
(Lb)

tach

Paragraph

Cloth, dry cleansing
Cloth, wet cleansing

Communication cable
w control head, w bag

Communication carrier
(snoopy helmet)

Coupling, oxygen hose
w bag

Cover, meter
Coveralls, inflight
Diaphragm, w cover

Docking target, LM
active

Dosimeters, passive
Dosimeters, personal
Ducts, postlanding
ventilation (PLV)

w bag

Eartube, universal
Exerciser, inflight
Eyepatch

Fecal collection assy

Fecal containment
system

Filter, red (Hblad
cam)

Filter, high density
sun

2!
zu

2.12.6
2.12.6

2.12.2
2.12.2

2.12.2

2.12.2

2.12.4
2.12.2
d.1¢.6
2.12.4

2.12.8
2.12.8
2.12.9

2.12.2
2.12.5
2.12.4
2.12.6
2.12.2

2.12.5

z.12.4

*Refer to spacecraft stowage list

Mission
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Paregraph

F{1ter, Polarized,
70 mm com

Filter, ®hotar
(Wdblad cam)

Filter, Q0 gas & 1iq
Fire extinguisher

Flight data file
with locker R12

Faood set

Food set, w hygiene
{tems

Garment, constant
wear (QWG)

Garment, {quid
cooled

Glareshade, MOC

Glareshield,
floodlight w bag

Gloves, IV (pr)
Guards, EVA
Handholds
Handbar

Hand straps

Harness, Crowmen
restraint

X
X
X
X
X

ii%

|
3
2
)
8
3

1

) I I

*hsfer to spacecraft stowege list

2.12.%

2.12.%

2.12.6
2.12.5
2.12.5

2.12.6
2.12.6

2.12.2

.12.2

2.12.4
2.12.4

2.12.2
2.12.8
2.12.3
2.12.3
2.12.3
2.12.3

CREW PERSONAL EQUIPMENT

Basic Date 15 April 1969 Change Date
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SYSTEMS DATA

]L Dimensions Total | Wt
|} 4 Each
Item CFE |GFP | Qty L W H (Lb) | (Lb) | Paragraph

Harness assy, bfo- X 3 3.3 1.1 2.12.7
{nstrumentation
Headrest, pad X 3 1.80] 2.12.5
Headset, lightweight A 3 0.9 0.3 2.12.2
Heel restraint X 3 |4 3.5 ™ 2.7 0.9 2.12.5
Helmet, shield X 1 0.79] 2.12.2
Hook, line snagging X 1 1.7 1.5 2.12.9
w bag
Hose assy, oxygen X 2 | 72* 10.6 5.3 2.12.2

1 | 19" 8.2 8.2 2.12.2
Hygiene, oral X 1 1.0 G.3 2.12.¢
assembly
Intervalometer X 1 0.25| 2.12.5
Kit, EMU maintenance X ] 0.38| 2.12.2
Kit, medical X 1|17 5 5 2.10| 2.12.7
Kit, pilot's X 3 1.5 0.5 2.12.5
preference
Lens, S om (16 mm X 1 0.68] 2.12.5
cemera (with cover)
Lens, 18 sm (16 mm X 1 0.56f 2.12.%
camers)
Lens, 18 mm Kern X 1 0.44] 2.12.5
(16 cam)
Lens, 75 mm (16 mm X 1 0.53] 2.12.5
camers) -
Lens, 75 mm Kern X 1 0.50] 2.12.5
(16 == cam)
Lens, 250 nm (70 mm X 1 ]6.2" 31" 13" 2.10] 2.12.5
Hasselblad)
Life vest X 3 | 7.5 2.5 2.12.2

L

CREW PERSONAL EQUIPMENT
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SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Dimensions Total | Mt
Wt Each
Item CFE | GFP | Qty L W H (Lb) | (Lb) |Paragraph
Magezines, 70 mm X * |3.82" | 3.5" |1.86" 0.76 | 2.12.5
camera film
Magazines, lunar X 1 1.75 ] 2.12.5
surface Hasselblad
Magazines, 16 mm X * 0.97 | 2.12.5
DAC
Masks, oxygen w hose X 3 3.60 1.20 | 2.12.5
Meter, radiation X 1 1.60] 2.12.8
survey
Mirror assy, internal| X 3 2.12.4
viewing
Mirror set, external X 2 | 4" 3 0.20" 2.12.4
viewing
Mirror, 16 mm camera X 1 0.16 | 2.12.5
right angle
Monocular X 1 |8" - 0.75| 2.12.4
Mount, rotation X 1 1.5 2.12.5
control
Mount, translation X 1 3.0 2.12.5
control
Mount, 70 mm Hblad X 1 |9 2.12.5
Pencil X 3 0.15 0.05]| 2.12.2
Penlights X 6 | 7" 1.5 2.04 0.384| 2.12.2
Pen, marker X 3 0.15 0.05| 2.12.2
Pens, data recording X 3 0.15 0.05] 2.12.2
Pouch, food retainer X 2 2.12.6
Pump, sea water X 1 1.60] 2.12.9

*Refer to spacecraft stowage list

CREW P’ INAL EQUIPMENT
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SM2A-03-Bi,OCK II-(i}
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SYSTEMS DATA

Dimensions Total | Wt
Wt Each
Item CFE | GFP | Qty L W H (Lb) | (Lb) | Paragraph

QD, aux dump nozzle X 1] 4" 1*D 0.20| 2.12.6

QD, water (waste) X 1] 4.5" 1D 0.30] 2.12.6

panel

Restraint, sleep X 12 7.2 3.6 2.12.3

station

Ring sight X 1} 1.26" | 1.2" |0.64"] 0.08 = 2.12.5

Rollon cuff assembly X 3 2.12.6

Ropes, sleep X 5110 0.3"D 2.12.3

restraint tiedown

Scissors (large) X 3|8 2" 1.62 0.53]| 2.12.2

N Shades, rendezvous X 2 | 13" 8" 2.4 1.2 | 2.12.4

window

Shade, side hatch X 1 10*D 1.4 2.12.3

Shades, side viewing X 2113 13" 3.4 1.7 2.12.4

window

Sight, crew optical X 1] 8" 2"D 1.5 2.12.4

alignment (COAS)

Spacesuit, intra- X 1 130 35.61| 2.12.2

vehicular

Spacesuit, extra- X 2 47.36] 2.12.2

vehicular

Spotmeter, automatic X 17 4" 0.94| 2.12.5
d Straps, utility X 13 | 12" 0.39 | 0.03| 2.12.3
Strap, center couch | X 1 0.2 | 2.12.3

DPS burn

Straps, center couch X 2 2.12.3

stow

Straps, control X 41 N 2.12.3

cable

CREW PERSONAL EQUIPMENT
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SYSTEMS DATA
r W
Dimensions Total | Wt
Wt tach
Item CFE | GFP | Qty L { H {tdb) | {Lb) | Paraqraph

S.raps, drogue stow X 3 2.12.3

traps, glareshade X 4 |5.5" 2.12.3
Straps, probe stowage | X 2 2.12.3
Straps ., cable routing | X 3 |]5.5" 2.12.3
Sunglasses with X 3 0.6 0.2 2.12.2
pouch
Survival rucksack 1 X 1 34.9 2.12.9

18" 6" 6"

Survival rucksack 2 X ] 18.8 2.12.9
Tape (roll) X 1 |6"D 0.88] 2.12.5
Timer, two speed X 1 2.12.5
Tissue dispensers X 7 |8" 4" 3" 3.9 1.821 2.12.6
Tociset, inflight X 1 4.6 2.12.5
Towels, utility (pack)| X 3 2.49 | 0.83] 2.12.6

Urine collection & X 3 1.29 0.43] 2.12.2
transfer assembly

Urine hose X 1 |120* 1"D 1.30 1.30] 2.12.6
Urine transfer X 3 |12 9" | R 1.3 2.12.6
system (Gemin{)
Urine receptacle X 1 2.12.8
assy
Vacuum QD (cabin X 1 |5 1.8"D 2.12.6
vent)
Watch with watchband X 3 0.45 0.15f 2.12.2
Water metering X 1 19 1.8 2.12.6
dispenser

{ - L—d_ semmalie )

CREW PERSONAL EQUIPMENT
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SPACESUITS (Figure 2.12-1).

A spacesuit is an enclosed unit that provides a crewman with a life
supporting atmosphere and protective apparel in a space environment. It
will be considered in two conditions: intravehicular and extravehicular.

In the intravehicular condition, the apparel is called the intravehic-
ular spacesuit and consists of the bioinstrumentation harness assembly, a
constant wear garment (CWG), a pressure garment assembly (PGA) with
intravehicular cover (I(.i, and associated equipment (contained on or within
the spacesuit). The aZaipters and umbilical hoses that connect the space-
suit to the spacecraft systems are also described in this subsection.

In the extravehicular condition, the apparel is called the extravehic-
ular mobility unit (EMU) and consists of a fecal containment system, 2
urine collection and transfer assembly (UCTA), the bioinstrumentation
harness assembly, a liguid-cooled garment (LCG), communications soft
hat, an extravehicular spacesuit, a portable life support system (PLSS),
oxygen purge sysleu: (OF3), iulegraled ietinal nicrvinelevroid garmeanl
(ITMG), an extravehicular visor assembly (EV visor), and associated
equipment contained on or within the EMU. The PLSS and OPS will not be
described in this handbook.

2.12.2.1 Spacesuit Assembly (Intravehicular).

The intravehicular spacesuit is depicted in figure 2.12-1. The intra-
vehicular condition has two subconditions, unsuited and suited. In the
unsuited condition or ''shirtsleeve environment,' the crewman breathes
the oxygen in the spaczcraft cabin and wears a bioinstrumentation harness,
a communication soft hat for communication, a constant wear garment
(CWG) for comfort, flight coveralls for warmth, and booties for zero-g
restraint. A CWG adapter is used to connect the communications soft hat
(CSH) and the bioinstrumentation harness signals to the communications
cable. The comm cable attaches to connectors between panels 300 and
301 to complete the signal flow to the audio center.

In the suited condition, the crewinan wears his bioinstrumentation
harness, a communication soft hat, a CWG, a pressure garment assembly
(PGA) with IC, and breathes oxygen within the garmeat. An oxygen hose
assembly delivers the oxygen to the suit and returns it to the ECS. The
comm cable connects directly to the PGA {or tslecommunications signal
flow. In thie condition there are two ECS modes of operation, veatilated
and pressurized.

CREW PERSONAL EQUIPMENT
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EXTRAVEHICULAR N

Spacesuits
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2.12.2.1.1 Bioinstrumentation Harness and Biomed Belt (Figure 2.12-2).

The purpose of the bioinstrumentation harness is to furnish the
biomedical signals to monitor the crews physical condition, and consists
of sensors, signal conditioners, a bionaed belt, and wire signal carriers.
For a complete description, refer to paragraph 2.12.7.

Each crewman will have sensors attached to his skin for the entire
mission. These sensors have wire leads encased in plastic with a small
connector at the other end. The connectors are inserted through the CWG
and connected to the signal conditioners in the biomed belt. The biomed
belt is cloth, has four pockets, and snaps in the corners to attach to the
CWG.

-~

%

:g"‘ CWG "T" ADAPTER

COMMUNICATIONS
SOFT HAT

D Beo s

CONSTANT WEAR
GARMENT (CWG)

BIOMEDICAL BELT (BMB)

CS-10038

Figure 2.12-2. Shirtsleeve Environment Intravehicular Apparel

CREW PERSONAL EQUIPMENT
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There are three signal conditioners: one for ECG, one for the
impedance pneumograph (ZP), and one dc-dc converter which fits into
pockets on the biomed belt, located around the abdomen. The signal con-

ditioners are interconnected by a wire harness which has a 9-socket
connector.

2.12.2.1.2 Fecal Containment System (Figure 2.12-1).

The fecal containment system (F'CS) is a chemically treated under-
pant worn under the LCG during periods of extravehicular activity (EVA).
In the event of an uncontrolled bowel movement, the chemicals in the

underpant will neutralize the feces. At launch and entry, the fecal con-
tainment systems are stowed.

2.12.2.1.3 Urine Collection and Transfer Assembly (Figure 2.12-1) and
UCD Clamps

The urine collection and transfer assembly (UCTA) functions to
transfer the urine from the suited crewman to the suit during emergency

urinations. This condition could occur during a '""hold" on the launch pad
or EVA,

The UCTA consists of a belt, roll-on (external catheter), and a tube
leading to the spacesuit urine collection bladder around the right thigh.

The UCTA is donned over the fecal containment system. When
doffing the UCTA, the UCD clamps are used to seal urine in the tube to
prevent leakage into the crew compartment. The urine in the UCTA can be

drained while it is in the spacesuit or after it is removed. For the pro-
cedure, refer to section 2.12.6.

2.12.2.1.4 Constant Wear Garment (CWG) (Figure 2.12-2).

The constant wear garment (CWG) is used as an undergarment for
the PGA and provides warmth for the crewman while unsuited in the shirt-
sleeve environment. As an additional purpose, this garment provides an
attach point for the biomed belt.

The CWG is a porous cloth, one-piece garment similar to long
underwear. It has a zipper from the waist to the neck for donning and
doffing. An opening in front is for urination and one in the rear for
defecation, with CWG removal. There are snaps at the mid-section to
attach the biomed belt with signal conditioners, and pockets for film

packet passive dosimeters at the ankles, thighs, and chest. It also has
integral socks.
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The CWG can be worn for 6 to 7 days before a change is required.
Three CWGs will be worn aboard by the crew with three being stowed in a
locke=, allowing one CWG change each.

Flight Coveralls (Figure 2.12-2).

The flight coveralls help keep the CWG clean, provide additional
crewman warmth, and provide stowage for miscellaneous personal equip-
ment while in a shirtsleeve environment. It is a two-piece garment and is
stowed at launch and entry. Accessories include a pair of booties with
Velcro patches on the soles for restraint.

2.12.2.1.6 Communication Soft Hat, Lightweight Headset, and Eartube
(Figure 2.12-2).

The communication soft hat is worn at all times, in or out of the
PGA, for the purpose of communications. Alternate names for it is
communications carrier (comm carrier) or '"Snoopy' helmet.

The comm soft hat has two earphones and two microphones, with
voice tubes on two mounts that fit over the ears. The hat or helmet is
cloth and has lacing to adjust the fit to the individual crewman. A chin
strap secures the hat to the head. A small pocket on the inside near the
right temple will hold a passive dosimeter filmm packet. An electrical
cable with a 21-socket connector will connect to the CWG adapter or PGA.

The lightweight headset is a single microphone and earpiece held on
the head by a head band. It can be used in place of the comm carrier
while in a shirtsleeve environment.

The universal ear tube attaches to the lightweight headset earphone.
The ear tube is a short length of plastic tube with an ear fitting that con-
ducts sound from the earphone to the ear. It is stowed in a pocket of the
in-flight coverall.

2.12.2.1.7 Constant Wear Garment (CWG) "T'' Adapter (Figure 2.12-2).

Communications and bioinstrumentation signals are transmitted to
the communications cable by the CWG T-Adapter; it is used when in the
shirtsleeve environment.

The CWG T-Adapter has a 61-socket connector pull in the middle,
and two pigtails, one with a 9-pin connector and one with a 21-pin
connector.

There are three CWG "T'" Adapters which are stowed when not in
use plus a spare.
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Comimunications Cable With Control Head.

The communications cable, or comm cable, transmits voice
commun’ -tions and bioinstrumentation signals from the adapters and
crew to ‘>~ space~raft bulkhead connectors. It also carries electrical
power ap .ac caution warning (C/W) system audible alarm signal.

The comm cable consists of a control head and a cable. Tkhe control
head has a 61-pin connector, a rocker switch and a 37-pin connector.
The cable has a 37-pin connector at one end and a 37-pin connector with a
lanyard pull at the spacecraft bulkhead end. The cables for the Commander
and CM Pilot are 74 inches long. The LM Pilot's cable is 121 inches in
length, which allows it to be used for crew transfer through the tunnel into
the LM. One spare control head and cable (121 inches) is carried in the
event of a malfunction.

For further information and use of the conum cable, refler to AOH
section 2.8.

2.12.2.1.9 Pressure Garment Assembly (PGA) (Figure 2.12-3).

The major component of the spacesuit is the pressure garment
assembly (PGA). The A7L pressure garment assembly (PGA) provides a
mobile life support chamber that can be pressurized separately from the
cabin inner structure in case of a leak or puncture. The PGA consists of
a helmet, gloves, and torso and limb assembly. It requires an oxygen
hose for oxygen and electrical cable for telecommunications.

The blue torso has a neck ring for securing the helmet and wrist
rings for securing the gloves. It is constructed of Beta cloth (a fiberglass-
type material). A double zipper runs from the crotch area along the back
to the neck ring for donning and doffing. Snaps are located on the upper
chest for securing the life vest. The right wrist area has a pressure gage
with a range of 2 to 5 psia. Two cables run laterallv from the chest,
around the biceps, to the spine as an anti-ballooning device, and are
attached and detached at the chest. Two adjustment straps restraining
the neck ring are located in the front (sternal area) and rear (spinal area).

On the right chest area, is a 61-pin telecommunications connector.
The inside telecommunications harness splits to a 9-pin connector
(bioinstrumentation) and a 21-pin connector (communications). On the left
chest area is a connector for the PLSS liquid system. Inside, it has a
supply hose and a return hose with connectors that connect to the liquid
cooled garment (LCG) when worn in place of the CWG.
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Figure 2.12-3. Intravehicular Spacesuit

Two sets of oxygen hose connectores are located on the left- aad
right-lower rib cage area. A set consists of » blue supply connector and
red return connector. The left connector set is normally for the PLSS
hoses and the right set for the CM ECS hoses, but the oxygen hose con-
nectors will fit either set. To prevent an alien object from entering and
damaging .. spacesuit Op hose connector, a PGA gas connector plug
(figure 2.12-3) is inserted when an O; cornector is not in use. The gas
connector plugs are color coded red and blue to match the O coanectors.
To insert, fit the plug into the connector and press until it clicks. It
mechanically locks in place. To remaove, unlock the plug by pressing the
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gold lockpin, then lift the locking tabs, rotate the locking ring, and pull
out the plug. The intravehicular PGA or spacesuit has only one set of
hoese connectors on the right side as there is no extravehicular or PLSS
requirement .

A urine collection system is located on the right leg. A UCTA tube
connec's to a capped quick-disconnect on the right thigh.

Leg pockets are placed in accordance with the defined locations.
These are used to contain the numerous personal items. Additional pockets
are strapped on the legs to hold other miscellaneous items. The boots are
integral to the torso and the soles have Velcro patches for restraint. The
boot heels have partial steel plates to wedge in the couch footpan cleats for
restraining the feet. The gloves secure to the wrist ring with a slide lock
and rotate by means of a ball bearing race.

The intravehicular cover (IC) is for added wear protection of the
tuiov. & s alov Dela Civlly, willi valviual lellvu palilics al waxiiiiuin wear
points. The cover will be laced over the torso and limbs for operational
use and intravehicular {IV) gloves will be worn to protect the PGA gloves
when performing rough handling tasks. The PGA with the intravehicular
cover is commonly called an intravehicular spacesuit. The PGA with the
integrated thermal micrometeoroid garment (ITMG) is termed the extra-
vehicular spacesuit. For mission or operational purposes, the spacesuit
includes the PGA and the IC or ITMG.

The helmet is a plastic bubble. It secures to the torso neck ring
with a slide lock. A slot channel at the rear of the neck ring receives
oxygen from the torso ventilation duct and directs it to a one-half-inch-
thick foam plastic manifold. The manifold lays on the aft quarter of
helmet, terminating at the top. Numerous slits in the manifold direct the
oxygen across the face, purging tiie helmet of carbon dioxide. On the left
side, near the mouth, is a feed port and a feed port cover. A contingency
feeding valve adapter is provided with the food set and will attach to the
feed port to provide a method of emergency nourishment. Only drinks will
pass through. The helmet shield (HS) (figure 2.12-3) is a plastic cover to
be used during intravehicular activities (remove/replace probe or tunnel
hatch) to prevent damage to the PGA helmet. Only one shield is provided
per spacecraft.

Additional subassemblies or uccessories are donning lanyards for
doffing /donning a neck dam for restricting water during post recovery
CM egress, and strap-on leg pocksts for scissors, checklists, ard data
u“‘.
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After attaining earth orbit, the PGA is stowed in two parts: torso
(with gloves) and the helmet. The torso (with gloves) fits into an f.-shaped,
expandable bag (3 PGA capacity), and is attached to the aft bulkhead and

the center couch. (See figure 2.12-4.) The helmet shield is also stowed
in the PGA stowage bag.

The PGA helmet stowage bag is made of Beta cloth. The "dome' end
is closed, and the open end has a draw string for closure. Four straps
with snaps are attached for restraints (figure 2.12-5). At launch, the
helmet bags are collapsed and stowed. When the helmet is doffed it is
placed in a helmet bag, the draw strings are tied and attached to the right-
and left-hand equipment bays by the snaps on the straps., For entry, the
helmet bags are again collapsed and stowed after the helmet is donned or
left on the stowed helmet in the event of an unsuited entry.

PGA Donning and Doffing_. In the event the command module inner
, structure loses pressure, the ECS can maintain a pressure of 3.5 psia for
'f 15 minutes to allow the crewmen to don their PGAs.

To don the PGA, clear the legs and arms of obstructions, and verify
the zippers are run to the neck ring with lanyards attached and oxygen
hoses are connected. Place the legs in the boots and legs of the torso and
connect the bioinstrumentation and communication harness. Place arms

\
\

CS-1210A

Figure 2.12-4. PGA Stowage Bag (L-Shaped)
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STOWED (MELMET INSIDE)

MISSION STOWAGE
(ALTERNATE POSITIONS)
(ALTERNATE POSITIONS)

CS-1220A
Figure 2.12-5. PGA Helmet Stowage Bags
in torso arms and the head through neck ring.

Pull the lanyard connected
tc the inner zipper and outer zipper to crotch, closing the stress relieving
and pressure seals.

Connect and lock shoulder cables.

Don the helmet by connecting it to torso neck ring and rotate the neck
ring lock. Complete the donning by putting the gloves on and locking.
Adjust the ECS suit flow regulator.

To doff the PGA, remove the gloves and helmet, unzip from the
torso.

crotch to the neck ring, and withdraw neck and arms.

Disconnect the
bioinstrumentation and communication harness. and remove legs from the

Operational Modes.

In the suited condition, there are two modes:
the normal or ''ventilated" and "pressurized.' In both cases, the helmet
is on and locked.
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In the ventilated mode sometimes referred to as ''vented, " the cabin
is pressurized at 5 p and the suit is 5.072 pai, or a positive pressure
differential of 2 inches of water in the suit. This state allows comfort and
maximum mobility for the crewman. The flow rate through the svit will
be approximately 7 to 11 cubic feet per minute.

The oxygen is delivered by the oxygen supply hose, routed to the
helmet and midsection to be purged to the extremities, and returned via
ventilation tubes to the midsection return connector and oxygen hose.

In the event the cabin pressure decreases to 3.5 psia or lower, the
ECS will maintain 3.7 psia in the PGA. This mode is ''pressurized," and
the flow rate will be more than 12.33 pounds per hour and less than
17 pounds per hour. The crewmen will have to overcome the pressurized
balloon effect and mobility will be more restricted than the ventsed mode.

Miscellaneous Personal Equipment. Personal items of equipment
that are used manv times and must be immediately accessible are stowed
on the spacesuit. These items must also be transferred to the flight
coveralls after doffing the spacesuit. The following is the nomenclature
and description of these items.

e Penlight - Small, two-cell unit used for portable lighting

e Sunglasses with pouch

e Personal Radiation Dosimetsr - A penlight shaped unit, battery
powered dosimeter which indicates accumulatsd dosage (rads) by its
register readout

e Chronograph With Watchband - "Accutron Astronaut' watch featuring

sweep second hand, stopwatch control, and changeable time zone
dial

e Marker Pen - Felt-tip pen used for marking sanitation bag assem-
blies, refuse bags, and lLog Book

¢ Pencil
e Data Recording Pens - Pressurized ball point pens for writing

e Scissors - Surgical scissors, used for cutting food bags, pouches,
etc.

o Life Vest - Attached to PGA during boost and entry; stows on the
PGA stowage bag during the remainder of the mission.
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Spacesuit Related Equipment.

Oxygen Hose Assembly (Figure 2.12-6).

The oxygen hose assembly conducts oxygen to the PGA under pres-
eure from the £ECS, and returas contaminated oxygen from the suit to the
ECS. A secondary use is to deliver oxygen {rom the ECS to the cabin
atmosphere.

The oxygen hoses are fluorel covered silicon rubber hoses with a
wire reinforcement of 1.25-inch inside diameter. Each assembly has two
hoses, a double '"'D" gection and connector at the ECS ¢nd, and two sepa-
rate hoses with connectors at the suit end (supply and/or return). The
hoses are fastened together with keepers every 12 inches. Also, at
12-inch intervals along the hose, cloth straps with fasteners for securing
the comm cabie are provided. When coupled together as a unit, the hose
and ca™le is referred to as an umbilical assemblv.

The hoses for tiie left and center crewman are 72 inches long and the
right crewman's hose is 119 inches in length.

When the oxygen hose ic not connected to the PGA, the ECS end will
remain attached to the valve at the !eft-hand forward equipment bay and

EVERY 12 IN.)

’Q arcmica
— UmerLICAL ’7
P

WY - IR
CONTER - 12 10
RIGHT - 110 N

Figure 2.12-6. Oxygen Hose Assembly and Accessories
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2.12.2.2.3

2.12.2.2.4
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the oxygen hose will be stowed. Straps on the CM structure will aid in
routing the hoses across the forward bulkhead and right-hand forward

equipment bay.
Oxygen Hose Coupling (Figure 2.12-6).

To prevent fresh oxygen from returning through the exhaust or return
end of the O2 hose, while the suit circuit return valve is open, a coupling
is placed over the return end. It is a 5-inch aluminum tube with a web seal
in the middle and hose connectors at each end. During an EVA, both
nozzles (supply and return) are plugged into the interconnect, thus sealing
both nozzles.

Oxygen Hose Screen Caps (Figures 2.12-6).

If it is necessary to perform vacuuming functions, the return hose of
the oxygen hose can be used. To prevent debris from entering the ECS via
the oxygen hose, a screen cap 1s placed over the red return nozzie. An
additional use of the screen cap is a substitute for the ECS suit circuit
return valve. Normally, the oxygen returas to the suit loop (ECS) through
the return valve when in the shirtsleeve environment. A preliminary
debris trap is a screen over the valve which has to be cleaned periodically.
The cleaning of the screen is very difficult because of structural obstruc-
tions. By closing the suit circuit return valve and placing the screen caps
on the oxygen return nozzles, the oxygen is *creened for debris at the cap
which is accessible and easy to clean.

The screen cap is a fluorel tube with a monel screen (#30 mesh) at
one end and an internal ridge at the other. It slides over the return
nozzle and engages a groove to retain it. There are three screen caps per
spacecraft.

If the screen cap becomes clogged with debris, it can be cleaned by
using a small piece of utility tape to blot the screen. Later, the tape can
be inserted in a utility bag or food bag.

EMU Maintenance Kit.

In the event the spacesuit PGA is damaged, it can be repaired by use
of the EMU maintenance kit. The kit is approximately 8 x 6 x 1.5 inches

and weighs 0.38 pound. There is one kit aboard the CM, stowed in a locker
on the aft bulkhead.
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2.12.2.3.1

2.12.2.4

Extravehicular Spacesuit (Figure 2.12-1).

The extravehicular spacesuit is identical to the intravehicular space-
suit with the exception of the oxygen connectors, the cover, and the
substitution of the LCG for the CWG. There are two sets of oxygen con-
nectors, on the left chest and on the right chest of the extravehicular space-
suit PGA. These are necessary because the commander (CDR) and lunar
module pilot (LMP) transfer to the LM ECS while CM oxygen hoses are
attached to their spacesuit.

The cover, or integrated thermal micrometeoroid cover (ITMGQG), is
similar to the IC but is thicker and heavier. It consists of an outer pro-
tective layer with scuff patches at the knees and elbows, seven alternating
layers of beta cloth felt (micrometeoroid protection) and silverized mylar
(thermal protection), and a liner. The ITMG is also laced on the PGA for
the mission.

Liquid Cooled Garment (LCG) (Figure 2.12-1).

The LCG is worn in place of the CWG when the CDR and LMP trans-
fers to the LM or performs EVA. The LCG contains small plastic tubes
(0.125-inch diameter) sewn to a netting that covers the crewman's body
through which water circulates, absorbing body heat. The water is trans-
ported to the PLSS where the sublimator expells the heat. The LCG has a
thin cloth lining that prevents the hands and feet from entangling the plastic
tubes when donning.

Two LCGs are vacuum packed and stowed in a locker on the aft bulk-
head. They are fully charged with water and, when donning, must be
connected to the EV spacesuit multiple water connector. When the CDR
and LMP return to the CSM after LM or extravehicular activities, the LCG
must be disconnected, doffed, folded, and stowed in a locker.

Extravehicular Mobility Unit (EMU).

For clarity, the EMU will be briefly described. Most of the compo-
nents, other than the EV spacesuit, are stowed aboard the LM. As stated
in section 2.12.2, the EMU consists of a FCS, UCTA, bioinstrumentation
harness assembly, LCG, EV spacesuit, a PLSS, OPS, EVVA, EV gloves,
and a pair of lunar overshoes (LO).

The portable life support system (PLSS) is a '"backyard' unit that
furnishes oxygen for breathing, cooled water for the LLCG, and communica-
tions while the crew is on the lunar surface or performing EVA. It has a
4-hour oxygen supply and can be recharged from the LM. One of its LiOH
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1.3.2.5 Crew Couches.

The primary function of the couches is to support the crew during
accelerations/deceleratiors up to 30 g forward and aft (xX), 18 g up and
down (+Z), and 15 g laterally (2Y). Because the critical g-load is during
landing, an attenuation system is used to reduce the deceleration load on
the crew. There are two attenuation subsystems, external and internal.
Secondary function of the crew couches is to position crew at duty stations
and provide support for the translation and rotation hand controls, lights,
and other equipmment.

The couches are designated (structurally) as left, center, and right;
by crew position they are (left to right) Command (CDR), CSM Pilot
(CMP), and LM Pilot (LMP).

1.3.2.5.1 CM Impact Attenuation System.

During a water impact, the CM deceleration force will vary from
12 to 40 g, depending on wave shape and horizontal velocity at impact.
The impact attenuation system reduces the impact forces on the crew to a
value within their tolerance level. A major portion of the energy (75 to
90 percent) is absorbed by the impact surface (water) and the deforma-
tion of the CM structure. The impact system is divided into two subsys-
tems: external and internal, which are described in the following
paragraphs.

External Attenuation. The external attenuation subsystem consists
of four crushable ribs installed in the aft compartment (figure 1-11). The
ribs, located between the inner and outer structure in the vicinity of the
+Z axis, are constructed of bonded laminations of corrugated aluminum.
The CM is suspended, during atmospheric descent, at a 27.5-degree
angle (hang angle) by the parachute subsystem. Because of the hang angle,
the first point of contact at impact is in the area of the crushable ribs.

Internal Attenuation. Eight attenuation struts are provided for con-
necting the crew couches toc the CM inner structure. Each strut is
capable of absorbing energy at a predetermined rate through 'cyclic
struts.'" The cyclic strut utilizes cyclic material deformation concept of
energy absorption by rolling ductile metal torus elements (bracelets) in
friction between a concentric rod and cylinder. The force applied to the
struts causes the bracelets to roll, absorbing energy (figure 1-12).

Two Y-Y axis struts are located at the outer extremities of the
couch assembly at the hip beam. The cylinder end of each strut is firmly
attached to the unitized couch while the piston end, containing a flat circu-
lar foot, reacts against a flat bearing plate (attenuation panel) attached to
the structure.
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Figure 1-12. Internal Attenuation System

Two Z-Z axis struts are attached to the side stabilizer beams and
the aft bulkhead of the structure, just below the side access hatch.

Four X-X axis struts are attached to the forward CM structure and
the beam extremities of the couch. These struts, except for the addition
of a lockout mechanism, are basicaily the same as the Z-Z axis struts.
A lockout mechanism is provided on each X-X strut to prevent any strut
attenuation prior to landing (during normal mission flight loads). After
deployment of the main parachute, the '"lockouts'' are manually unlocked.

After deployment of the main chutes and prior to landing, the
'"lockouts'' are manually unlocked.

Foldable Couch Structure (Figure 1-13).

The foldable couches are supported similarly to the unitized couch
structure, but the individual couches differ. The back pan angle to the
Y-Z plane (horizontal) has been increased to 4 degrees 30 minutes.
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Description. The couch structure utilizes two strong side stabilizer
beams for attachment of the foot XX and ZZ attenuator struts and a cross-
member head beam for attachment of the head XX attenuator struts. The
left, center, and right couches are attached to the head beam by a hinge/
Pip pin and are attached to the side stabilizer beam by a large Marmon-
type clamp (figure 1-13).

Each couch consists of a headrest, body support with backpan, seat-
pan, legpan, and footpan. The left couch has two controller supports/
armrests, inboard and outboard. The right couch has anly the inboard,
or left, armrest. Support for the body is accomplished by a web or Arm-
alon (multiple layers of fiberglass beta cloth, impregnated and covered
with Teflon) over the support frame from the headrest to the footpan
(figure 1-14).

The headrest is sheet steel with Teflon pad. To adjust it for crew-
man torso length, the headrest has 6-1/2 inches of longitudinal adjust-
ment headward or footward in i/4-i1nch increments. Adjustment is
accomplished by the gearshift-type handle alongside of the headrest.

The bo4iy sapport, or backpan, consists of a steel rectangular-tube
frame with a shoulder beam and a hip Y-Y beam. The hip beams of the
outboard couches house the Y-Y attenuator struts on the outboard side.

The Marmon clamps that attach to the side stabilizer are part of the
hip Y-Y beam. The body support frame will rotate around its attach
point on the head beam and can fold at the shoulder beam. The shoulder
straps of the restraint harness and one-half of the lap belts are solidly
attached to the shoulder beam.

Controller supports/armrests rotate and are attached to the body
support tubes in the area of the crewman's elbow and have various posi-
tions. The left couch outboard armrest has 65-, 90-, 120-, and
180-degree positions, measured from the backpan, and supports the
translation control (figure 1-15). The other two armrests have 65-, 90-,
125-, and 180-degree positions. The armrests are held in position by a
spring-loaded wedge into a slotted camm. The wedge is attached to a
sleeve around the armrest. To rotate the armrest, the sieeve is lifted,
the wedge pulled out of the cam, and the armrest rotated to the desired
position. To extend the armrest, rotate the extension. The rotational
and translation controls are locked on a dovetail by extending a pin; how-
ever, the controlling button extends into the center couch area. There is
a danger of the center crewman bumping the control lock button and
retr-.cting the pin; therefore, a lock is on the shaft to prevent the button
fro': being actuated accidentally.

The control support (with dovetail) pitches up and down, and is
locked and unlocked at its pivot by a cam lever. The control support
pivots to allow the correct positioning of the translation or rotation con-
trol during docking and the normal mission phases.
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The seatpan (seat) angles are 9, 85, 170, and 270 degrees. The
9-degree position is held by a detent, the 85- and 170-degree positions
are lockable, and the seat travel is stopped at 270 degrees. The seatpan
controls are located on the body supports at each side of the hips. The
seat lccked position is with the lever footward; the unlocked position is
with the lever headward. One-half of the lap belt is attached to the seat-
pan frame.

The seatpan is connected to the legpan frame at the knee beam in a
78-degree angle. The knee control on each side »f the couch locks and
unlocks the seatpan to legpan angle. Unlocked, the seatpan-to-legpan
angle will go {0 15 degrees (folded), and to 180 degrees (flat).

The footpans have two positions, 95 degrees and folded {0 degrees).
There are mechanical stops at each position. Each footpan has a cleat
and clamp which restrains the boot when properly engaged.

Seatpan, Legpan, Armrest, and Footpan Mission Positions. During
the mission phases, there is a need to place the couch components into
various positions. The following chart indicates the positions of the couch
components during launch, boost, entry, and landing; egress-ingress to
center couch to LEB and tunnel activities; EVA ingress or egress; and
docking.

Egress,

Outboard
to Center
Mission Phases Launch, Boost,] Couch and

or Tasks Entry and Tunnel EVA Ingress or
(Figure 1-15) Landing Activities Egress Docking

Seatpan angle 85° 170° 85°, 11° (cntr couch)|85°
Legpan angle 78° 78° 78°, 15° (cntr couch){78°
Footpan angle 95° 95° 95°, 0° (cntr couch) {95°

Armrest angle outboard 120° 120° 120° 65°
left couch

Armrest angle inboard ! 90° 125° to 180" 125° 65°
left couch

Armrest angle inboangf.;».’?' 90° 125° to 180°] 125° 65°
right couch ‘

Control support pitch o° o° 0° -25°
angle

Foot X-X struts Connected Connected Disconnected Connected
EVA stabilizer strut Stowed Stowed Connected Stowed

BLOCK Il SPACECRAFT CONFIGURATION
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Foldable Couch Adjustments.

Ccar

e performed during the missiorn.

The couch has many adjustments that
The following chart gives a step

by step procedure for making the adjustments, beginning with the head-

rest and progressing to the footrest.

Because the couches are actuated in

training during 1 g, the 1-g procedures are given also.

Task

Procedure

Results/Remarks

A. Headrest adjustment,
Leadward - footward
movement of 6.5 in.
(figure 1-16)

B. Armrest adjustments

Bl. Armrest rotation or

pitching
(Armrests lock in
65°,90°, 120° (L)
and 125° (R)
positions)

(figure 1-17)

B2. Armrest extension
(0-3.75 in.)
(figure 1-17)

NOTE

e Directions are for
person lying on couch.

e Inboard/outboard
movements - relative
to couch.

. Lift control knob (gearshift)

toward head.

Hold gearshift knob in
unlocked position and slide
headrest to desired
position.

. Release gearshift knob.

Lift armrest handle.

. Rotate (pitch) armrest to

desired position. (Wedge
will engage at next slot
unless handle is lifted
continually.)

. Rotate armrest extension

lock ring away from couch.

. Extend control to desired

position.

Lock into position by
rotating lock ring towards
couch.

Disengages lock.

Lock ia spring-loaded to
locked position.

Engages lock.

Disengages wedge from
slotted cam.

Wedge is spring-loaded
to locked position.

NOTE

When rotating the out-
board armrest of the
left couch, caution
should be exercised to
prevent the rotational
control cable from hit-
ting the stowed O, hose
as damage may result
to either object.

1. Full throw of about 160°
will unlock sleeve.

2. Pulls sleeve out of
barrel.

3. Cam will lock barrel to
sleeve.
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Task

Procedure

Results /Remarks

. Control support
pitching
(Translation control
pitch = 0¢-55°)
(Rotational control
pitch = 0°-25°)
(figure 1-17)

Control attachment
and locldng.'
unlocking

(figure 1-17)

. Seatpan adjustment
. Zero g seatpan
adjustment, mid-
mission application
(Seatpan locks in
11¢,85°, 170°/stops
at 270°.)
(figure 1-16)

. One g or greater
seatpan adjustment,
training, preflight,
test, launch and
entry application.
(During one g, stand
at LEB to adjust
seatpan.)

(figure 1-16)

. Move end of control sup-

port cam lever.

. Holding control or handle,

pitch it to desired angle.

. Move end of cam lever

down and outboard.

. Press control lock hutton

down and swing lock hook
away.

. Press control lock button

inboard. :

. Slide control onto support

dovetail.

Press control lock button
outboard.

Swing lock hook to button
and hook on shaft (inboard
armrests only).

. Place both seatpan handles

in unlocked pciition
(headward).

Move seatpan to desired
position.

Pluce one handle in locked
position (footward).

. Support seatpan (with hands

or feet) and place both
eeztpan handles in unlocked
position (headward).

. Move seatpan t5> desired

position, maintain support.
Place both seatpan handles
in locked position
(footward).

-

. Unlocks control

support.

Locks control support.

Unlocks button so shaft
can slide.

Retracts control lock
pin.

. Attaches control to

support.
Extends coatrol lock

pin, locking control
onto support.
Prevents control lock
button from sliding to
unlocked position.

Disengages seatpan
latches. Seatpan free
to move.

. One lock is sufficient in

zero g.

Damage may result to
mechanisms if seatpan
is allowed to drop to
next position.

Same as 1.

In one g or greater,
both latches may be
locked to reduce strain
on mechanisms.
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Task Procedure

Results/Remarks

Pull knee control out and
up to unlocked position.
Position legpan to desired
position.

Pull knee control out and
down to locked position.

Legpan to seatpan
adjustment (15°, 78°)
(During zero g, use
one control. During
one g or greater, use
both controls and
support legpan during
movement. )

(figure 1-18)

Footpan adjustment
(0°-95°)
(figure 1-18)

Swing footpan to desired
position.

Engaging-disengaging! 1.
foot restraints
(figure 1-18)

Place both spaccsuit boole
or entry boots on footpan
with heels together.

Move boots outboard while
heels slide on footpan.

To digcengage, move boots
inboard while heels clide

on footpan.

Ketract knee control
Pin from slotted cam.

Extends knee control
pin, and locks.

Mechanical stops at 0°
95.0

Fre positioning boots.

Footpan cleats will
engage boot heels.
Cleats will disengage
from boot heel.

Foldable Couch Mission
tasks into which the couches are integrated.

rations. During the mission, there are
The following table indicates

some Of those tasks and gives a step by step procedure. Figures are

also referenced.

Task A, Preparing Couches for EVA, describes the folding of the
L-shaped PGA stowage bag and the removing and stowing of the center

couch in preparation for EVA.

The removal and stowage of the center

couch can also be performed when the center aisle needs to be cleared for
intravehicular maneuvering purposes. In addition to clearing the center

aisle for EVA, the whole couch structure

(couches plus side beams and

head beam) have to be stabilized whien the foot X-X struts are discon-

nected. This operation is described in task B.
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Task

Procedure

Results/Remarks

A. Preparing couches
for EVA

Al. Stow L. PGA bag on
aft bulkhead

A2. Remove center couch
to aft bulkhead
(Crewman standing in
LEB) (figure 1-19)

NOTE

If the center couch is
to be removeu during
one g conditions, the
outboard (left and right)
couches should not be
occupied. Otherwise,
extreme difficulty will
be experienced during
the removal.

1.

6b.

Remove PGA helmet
shield and stow in helmet
bag.

Unstrap bag hip straps and
detach couch clips.

Fold lower half of bag
flat, tucking sides.
Fold top half of bag flat,
tucking sides.

Attach bag top straps to
aft bulkhead fittings.

Fold footpan to 0°, lock
legpan to 15°, and lock
seatpan to 11°.

(figure 1-20)

Pull center couch hip
clamp knobs down 2 in.
(toward aft bulkhead).
Using knob, unscrew shaft
(CCW) until it is flush
with trunnion.

Swing knob towards LEB
opening clamp.

Retract one Y-Y strut.
(figure 1-21)

During zero g, force
center couch toward aft
bulkhead and disengage
couch from clamp plates.
During one g, place
clamps in intermediate
position as a caution. Hold
center couch backpan
firmly while forcing couch
toward aft bulkhead until
couch disengages. Fully
open clamps and lower hip
end of couch to aft
bulkheac .

ba.

’ n,'h.

Empties PGA bag.

Detaches forward
top of bag from
couch,

Bag now flat on aft
bulkhead.

Bag now lashed to aft
bulkhead.

Preparing couch.

Knob engages shaft.

Trunnion will be free
to rotate.

Relieves pressure on
clamp plate.

Frees footward end of
couch from clamps.
(Couch structure may
have to be shaken.)
Clamps in intermediate
position will support
couch if it slips. Out-
board couches msy
have to be lifted to take
pressure off center
couch clamp plates.
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Figure 1-19. Stowing the Center Couch
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Cs-220

Figure 1-20. Folding the Seatpan
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Procedure

Results /Remarks

A3. Stow center couch
under left couch

Preparing couch
structure for EVA.
(figure 1-22)

. Connect EVA sgtabi-
lizer strut to couch.

Move headrest footward.
(figure 1-16)

Pull head beam pip pins
(2). (figure 1-16)

Lower couch to aft bulk-
head on top of PGA bag.

Obtain lower (3.5 ft x

2 in.) and upper (4 ft x

2 in.) restrainer straps
from stowage locker.
Thread lower strap hooks
(2) through center couch
hip holes from inside.
Wrap upper strap around
center couch headrest
support bars and attach
snap to ring.

Verify left couch headrest
fully headward.

Position center couch
under left couch, firmly
pressing against tunnel
hatch bag.

Attach LOWER strap
hooks to left couch
D-rings.

Unsnap UPPER strap
Look, resnap after wrap-
ping around left couch
headrest support bars.

Unstow EVA stabilizer
strut by squeezing latch
and pulling toward couch.
Connect EVA stabilizer
strut to couch structure
at aft end of right head
strut. Engage stabilizer
strut and press toward
aft bulkhead.

Prep for strapping
under left couch.
Disconnects headward

end of couch from
head beam

Couch is now r. .dy to
stow.

Preparing center
couch to strap to left
couch.

Head-to-head, hip-to-
hip, and piggy back.

Hip ends of couches
now secured.

Head ends of couches
now secured.

With EVA gtabilizer
strut engaged, couch
structure will be sta-
bilized when foot
struts are
disconnected.
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Task

Procedure

Results /Remarks

B2. Disconnect foot

attenuator struts and

attach to forward
equipment bays.

1.

Grasp the quick-
disconnect hook assembly,
pull lock pin actuator
toward lower equipment
bay.

Pull lower end of foot
attenuator strut (quick-
disconnect hook assembly)
firmly toward LEB until
it disengages.

Repeat for other foot X-X
attencator strut.

Swing atteauator struts
along side of forward
equipment bay, and strap.

Hcelding lock pin actuator
in disengages lock pin.

Holds attenuator struts out

of the way for increased
mobility in LEB.

Mission
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canisters will be returned in the CM for analyzing. The PLSS water
subsystem ia part of the heat exchanging system. The heat is lost by
sublimation. The communications system allows the lunar explorer to
communicate to the LM or CSM which will relay to earth.

Two P1SSs are stowed in the LM at launch. They will be donned
and checked out prior to EVA. One c¢r both PLSSs will be left on the lunar
surface to lighten the LM ascent vehicle or left in the LM,

The oxygen purge system (OPS) is a small oxygen unit that furnishes
emergency oxygen to the crewman during EVA. It is about the size of a
2-pound loaf of bread and has a 30-minute oxygen supply. It attaches to
the top of the PLSS or in the stomach area by straps. An oxygen delivery
tube inserts into the PGA helmet feed port and purges the helmet with

oxygen.

Two OPSs are stowed aboard the LM at launch and both will be
returned to the LM from lunar exploration. If not needed for extravehic-
ular transfer, they will be left on the LM. If used for EVA transfer, the
OPS will be jettisoned.

The extravehicular visor assembly (EVVA) is a double-shelled visor
that fits over the PGA helmet and is used for EVA., The outer shell is
vacuurn deposited gold plated. The EVVA is stowed aboard the LM at
launch and left aboard the LM in lunar orbit or jettisoned.

The EV gloves and lunar overshoes {i.O) are used for EVA and lunar
exploration. They are aboard the LM at launch and are left aboard the LM
in lunar orbit or jettisoned.

2.12.3 CREWMAN RESTRAINTS.

2.12.3.1 g L.oad Restraim\}_.

2.12.3.1.1 Crewrman Restrain Harness (Figure 2.12-7).

There are three restraint harnesses per spacecraft, one for each
crewman. The harnesses are attached to the crew couches. The restraint
harness consists of a lap belt and two shoulder straps interfacing the lap
belt at the buckle. The lap belt straps are connected to the seat pan and
back pan. This configuration provides adequate hip support. The shoulder
straps are connected to shoulder beam of the couch.

The lap belt buckle is a lever-operated, three-point release mecha-
nism. By pulling a lever, {he shoulder straps and right-lap belt strap will

CREW PERSONAL EQUIPMENT
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LAP BELT LAP BELT PLUG-IN
BUCKLE
LAP BELT 3
STRAP ADJUS HOULDER STRAP ADJUSTER
4, SHOULDER STRAP
y‘ | LAP BELT HAND GRIP
"

N HAND calpv
M 1} & \

p” BUTTON SNAP

RESTRAINT HARNESS CORIPONENTS

Cs-23018
Figure 2.12-7. Crewman Restraint Harness

be released. The strap ends are equipped with snaps which may be
fastened to mating snaps on the couch and struts when not in use. The
restraint harness buckle can be restrained when not in use by attaching it
to the translation or rotation control stow straps (figure 2.12-8). This
also prevents the buckles and attachments from floating free during zero-g
and striking a crewman cr equipment.

Operation. The harness will be on and locked during all maneuvers
when g-loads are expected such as launch, delta V, docking, entry, and
landing. The harness can be tightened and loosened readily by adjusting
the length of the strap. Pull on the hand grip to tighten. To loosen,
rotate the adjuster, allowing it to unlock and the strap can be lengthened.

2.12.3.1.2 Handholds (Figure 2.12-9).

The function of the handholds is to aid in the maneuverability of the
crew. The handholds are aluniinum handles bolted to the longerons.
There are two handholds, one on each longeron by the side windows,
located close to the MDC.

CREW PERSONAL EQUIPMENT
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Cs-2371

Figure 2.12-8. Restraint Harness Buckle Stowage Straps

2.12.3.1.3 Hand Bar (Figure 2.12-9).

The hand bar is located on the MDC near the side hatch and has two
positions, stowed and extended. A lever at one end releases the detent
for moving from one position to the other. The hand bar furnishes a place
to hold when ingressing or egressing from the CM side hatch. It will
support the weight of a suited astronautin 1 g. In zero g during extrave-
hicular activity cr transfer, the hand bar can also be used for ingressing
or egressing through the side hatch.

Heel Restraints.

During the CM landing, the legs and feet of the crewman may jostle
about unless restrained to the couch footpan. If in the spacesuit, the boot
heels and couch footpan interconnect and restrain the feet and legs. How-
ever, if entry and landing is in shirtsleeves, or inflight coveralls, the feet
are held to the couch footpars by heel restraints.

Mission
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HAND HOLES (4)

7/—51
'g X-X STRUT

£€555  LAND STRAP
HAND HOLE

HAND BAR

CS-23158

Figure 2.12-9. Handholds, Hand Straps and Hand Bar

The heel restraints are hollow aluminum blocks that attach to the
heels of the crewman's booties by means of straps and Velcro. The

restraints connect to the footpan in the same manner as the spacesuit
booties. |

2.12.3.2 Zero-g Restraint.

2.12.3.2.1 Hand Straps (Figure 2.12-9).

The hand straps serve as a maneuvering aid during a g-load or
zero-g condition.
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The hand straps are of fluorel covered cloth and are attached by
brackets at each end. There are five hand straps behind the MDC and one
on the left-hand equipment bay over the ECS filter access panel and one
each on the foot X-X struts. These straps lie flat against the structure
when not in use.

2.12.3.2.3 Guidance and Navigation Station Restraint.

Two positions may be utilized at the G&N station: standing position
or center couch G&N position. The astronaut will restrain himself in the
standing position by fastening his booties or boots to the aft bulkhead an-
using the handholds on the G&N console.

The astronaut will restrain himself in the center couch at the G&N
station by positioning the couch to a 170~degree hip angle and restraining
his feet in the couch footpans.

2.12.3.2.4 Sleep Station Restraints (Figure 2.12-10).

The crewman's sleeping position will be under the left and right
couch with the head toward the hatch. He will be restrained in position by
the crewman sleep station restraint.

FEATURES

IN CWG, ASTRO SLEEPS IN BAG
IN PGA, ASTRO SLEEPS ON BAG
AND USES STRAPS FOR RESTRAINT

<’

peraiL @ VENTILATION HOLES
.060 IN. DIA

REF-V 36-601012 RLIGHT POSITION

POSITION
CS-2331A

Figure 2.12-10. Sieep Station Restraints
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The two restraints are beta fabric, lightweight sleepis:g bag
A4 inches long, with zipper openings for the torso and 7-inch-d* ' \eter
neck openings. They are supported by two longitudinal straps thac attach
to the CO2 absorber stowage boxes on one end (LEB), and to the CM inner
structure at the other end. To restrain the foot end, an additional strap
on each side attaches to the CO; absorber stowage box brackets. ’

During the mission and shirtsleeve environment, a crewman can
unzip the restraint and slide in with his flight coveralls on. However, if
an cmergency exists, and the crew zre in their spacesuits, they will be
too large to enter the sleep restraint. In that case, the crewman will lie
on top of the restraint and hold himself in place by the strap around the
middle of the sleep restraint.

The two sleeping bags will be rolled and strapped against the side
wall ¢nd aft bulkhead at launch. When needed, they will be unrolled and
at‘. ched to the CO2 absorber stowage boxes near the LEB. During prepa-
ration for entry, one sleep restraint will be stowed in its stowed position
against the side wall. The other sleep restraint will be detached from the
side wall and placed in the center aisle, head end toward the LEEB. Three
spacesuits will be stowed lengthwise in the restraint, alternating the head-
boot diections. The upper (or forward) spacesuit will be stowed with the
helmet on and protrudii:g from the restraint neckring. The spacesuits and
the sleep restraint will be lashed to the aft bulkhead using 5 ropes and
brackets on the aft bulkheads and lockers.

2.12.3.2.5 EVA Guards (Figure 2.12-11).

During egress and ingress through the side hatch for EVA, the crew-
man will wear the spacesuit with the integrated thermal meteoroid garment
(ITMG) and a portable life support system (PLSS) or the oxygen purge
system (OPS). During this activity, there is a possibility a switch on the
MDC may be bumped and repositioned. The EVA guards will protect the
controls on MD(,-2 from inadvertent actuation, prevent damage to the
panels, prevent the PLSS from snagging on the wickets or switch guards,
and will serve as handbars for handholds during EVA ingress or egress.

The crew can also install the EVA guards during the postlanding
recovery phase and use them to maneuver between couches and egressing
to the lower equipment bay. The guards are stressed for 300 pounds.

The EVA guards consist of three hollow steel tubes that attach to
MDC-2. They are held in place at the lower end by a clip and at the upper
end by a pip pin. The guards arc stowed in a long cloth bag attached to
an aft bulkhead locker (A8) when not in use.
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REF:  V36-761540 FITTING
V36-76158 CLEVIS
V36-76154 BAR

Figure 2.12-11. EVA Guards

2.12.3.2.6 Restraint Straps.

There are a number of straps used for rzstraint purposes during
zero g. The couch, probe, drogue, glare shield, control cable, and cable
routing straps have specific uses, whereas the utility straps have numerous
uses. Most of the straps are made of beta cloth and use snaps as a

restraining method. The snaps have a male (stud) and female (socket)
component.

Control Cable Straps (Figure 2.12-12). The rotatioxr. control cables
exit the junction box on the aft bulkhead and are routed along the 22 attenu-
ator struts to the couch side stabilizer beams. The control cables are
held to the 22 struts by the control cable straps, two on each strut. The
straps are 1 inch wide and 11 irches long. Each has four snaps, a pair to
snap around the strut and a pair to hold the cable.
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CCU CABLE STRAP

RESTRAINT STRAP
T80

CABLE RETAINER STRAPS
V36601118

Cs-2314

Figure 2.12-12. Special Straps

Center Couch DPS Burn Straps (Figure 2.12-13). The center couch
has to be stowed for a LM DPS burn and EVA. For a LM DPS burn, the
szat and legpan is lowered to the aft bulkhead while the body support stays
hinged at the headbeam. The folded seat-legpan must be restrained to the
aft bulkhead by the DPS burn strap. The couch DPS burn strap is 29 inches
long, with one snap (stud) at one end and 6 snap sockets at the other e=zd.

It attaches to a "'D" ring on the Al stowage locker and arcund the knee
control handle. When not in use, the strap is stowed in a locker.

CREW PERSONAL EQUIPMENT

Mission Basic Datc_13 April 1969 Change Date Page 2.12-31




*€1-21°2 2an314

sdeajg jurea}say yonoo JIaqud)n

ae2-SI

2.12-32

Page

“dVaIS INIVUISTY NIISYS °€
QH1E 1dv OL HONOD ¥IMOT
? SINIOF dH4 IDINNOISI 2T
SSTHINOD CNY OVE ISNIVOY *SNVd 1004 % O ‘1v3s 4104 't
HONOD ¥IINID DVId ATHNINVD *HONOD ¥3IN3ID MOLS Ol

" (ALlW3) OVE 3OVMOLS HOLVH 1INNNL (1)

NMOHS SV TIAWAL JO UWIT HL 0L
SNOILONIA 3LSO4dO NI SISNAYIH NMOHS SV

SM2A-03-BLOCK II-(1)
SYSTEMS DATA

APOLLO OPERATIONS HANDBOOK

HINOD H1 ¥ ¥3INID 1SAraY - MO
‘dviLS INIVELSIS ONIHOVLLY 310430 muzrﬂ_u znzs-u:ﬁ:wwuwﬁww
8YE109-9EA N! STIOH NAHL dVuLS SSVd
3440 dVHLS INIVELSTY HONOD(Z) 6YCL09-9CA
(IMOT) dvls INIveISIY HONOD (€)
NOILISOd
a3IMOLS
NI HDNOD

MO ¥3IN3D

CREW PERSONAL EQUIPMENT

Basic Date_15 April 1969 Change Date

(N¥N8 S4a) dVuls
INIV3LSIY HONOD

Mission




Ed

SM2A-03-BLOCK II-(1)
APOLLO OPERATICNS HANDBOOK

SYSTEMS DATA

Center Couch Stow Straps (Figure 2.12-13). During the preparation
for EVA, the center couch is removed from its center position 2nd stowed
under the left couch. The center ccuch is restrained to left couch by the
two center couch stow straps.

The '"'upper'' center couch stow strap routes around the headrest
support bars and ccnnects to itself. It is 24 inches long, has a '""'D'" ring at
one end, a center flat rubber bungee section, and a snap-hook at the other
end.

The 'lower'' center couch stow strap routes through two holes in the
center couch body support at the seatpan. It is 43 inches long, has a
12-inch bungee section, and a hook at each end which attaches to '"D" rings
on the left couch body support near the seatpan. When not in use, the
straps are stowed.

Cable Retainer Straps (Figure 2.12-12). The cable retainer strap is
5.5 inches long with a back-to-back socket and stud at one end and a socket
at the other end. The socket/stud will attach to studs bonded on the struc-
ture and when the socket is attached to the strap stud/socket, it forms a
loop. This facilitates routing the TV camera cable and the translation
control cable. When not in use, the straps are left attached to a wall stud.

Drogue Stow Straps (Figure 2.12-14). When required, the probe is
stowed under the seatpan andthe drogueunder the backpan of the right couch.
The two drogue stow straps are attached to the right body support by one
strap each. When not in use, the free end of the straps are attached to the
couch also.

The inboard strap is 14 inches long with a 6-inch bungee section and
an open hook at the free end. When stowing the drogue, the hook will
engage one of the three drogue handles.

The outlioard strap is 38 inches long with a 6-inch bungee section
also and a snap hook on the free end. When stowing the drogue, the strap
is threaded through the remaining two handles and the hook is snapped to a
"D'" ring attached to the hip beam by another strap.

Probe Stow Straps (Figure 2.12-14). The two probe stow straps are
identical. They are 26 inches long with a snap hook at one end, a right
angle hook at the other, and a 6-inch bungee section. To stow the probe,
position it under the seatpan with the probe pointing outboard. Attach the
right angle hook around the lap belt connector on the seatpan by pressing
the hook lever. Route the strape around the ends of the probe and snap the
hook end to the '"D'" rings on the right couch. When not in use, the probe
straps are stowed.

Mission
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DROUGF STOWAGE
J STRAP (6"- 8")

s )
- N
\ { FWD HATCH
| =] somce BAI
y e | TN
DROUGE STOWAGE "
STRAP-GUTBD " V36 - 601389
-2 B>
V36-601163 ’?’f’ - ‘
DROGUE IN '
STOWED POSITION tce— PROBE IN STOWED POSITION,
T POSITION COUCH SEAT PAN AS
REF: V36 - 781509 SHOWN WITH LEG & FOOT PANS
FOLDED UNDER BEFORE STOWING
PROBE. -

Figure 2.12-14. Probe and Drogue Stowage Straps

Utility Straps (Figure 2.12-15). The utility straps are named for
their versatility. They are used for holding looped straps and cables in
stowage lockers or compartments and for restraining other equipment to
the structure during the mission.

around a piece of equipment and the other loop around structure or wili
attach to structure by the snap.
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UTILITY STRAP
(CABLE RETENTION STRAP)
NICKNAME: BANDAID

REF: V36-781506 (USAGE)
F 01-100506 (STOWAGE) FOR CABLE STOWAGE

Cs-a31

Figure 2.12-15. Utility Straps

2.12.3.2.7 MDC Glareshade Straps (Figure 2.12-12).

The MDC glareshade straps retain the MDC glareshades in their R4
stowage compartment. The straps are 5 inches long with sockets at both
ands that snap onto studs bonded to the structure. One end of the strap
always stays attached.

2.12.3.2.8 Velcro and Snaps Retainer Locations

There are numerous l-inch square patches of Velcro located in the
crew compartment. They are bonded to the structure and control panels in A f
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accordance with crew and crew support requirements. Each CM has a
"Valcro and Snaps Map'' designating the location of all retainers. The
drawing number is V36-6300XX, the XX being the CM numerical designa-
tion plus 4. Example, the '"Velcro and Snaps Map' for CM 106 will be
V36-630010.

2.12.3.2.9 Tunnel Hatch Stow Bag (Figure 2.12-13).

The tunnel hatch must also be stowed when required. However, due
to some remotely flammable materials, the hatch must be stowed in a beta
cloth bag with a circumferential zipper. The bag is lashed under the left
couch by straps and remains there. When the center couch is stowed under
the left couch, the stow bag is collapsed between the couches.

e e e e et ot e T ot

2.12.3.2.10 Sleep Restraint Tiedown Ropes .

During entry preparation for an unsuited entry, the spacesuits are
stowed in a sleep restraint and lashed down in the center aisle by ropes !

A rope is « PBI (polybenzimidazole) fiber, 10-feet long, and has

plastic ferrules on the ends to prevent fraying. There are five ropes »
stowed. Miscellaneous restraints are shown in figure 2.12-16.

(To be supplied at a later date.) |

Figure 2.12-16. Miscellaneous Restraints
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SIGHTING AND ILLUMINATION AIDS.

Sighting and illumination aids are those devices, lights, or visual
systems that aid the crew in the accomplishment of their operational
mission. This handbook describes the internal sighting aids first and the
external second. The crew compartment floodlights and panel lighting is
described in the electrical power system section 2.6 of this handbook.

Internal Sighting and Illumination Aids (Figure 2.12-17).

Internal sighting and illumination aids include window shades for con-
trolling incoming light, internal and external viewing mirrors, the crew-
man optical alignment sight for docking and aiming the data acquisition
camera, a LM active docking target for LM to CM docking, window
markings for monitoring entry, a monocular for lunar survey, and some
miscellaneous items such as floodlight glareshields, MDC glareshades,
and an eyepatch.

Window Shades (Figure 2.12-18). Q

The CSM has five windows: two triangular-shaped rendezvous windows,
two square-shaped side windows, and a hatch window. Periodically, ihe
light coming through these windows Las toc be restricted. This is accom-
plished by window shades (figure 2.12-18).

—_——

INTERNAL VIEWING MIRRORS

LM AC
DOCKING TARGET

WINDOW SHADES

Figure 2.12-17. Internal Sighting and Illumination Aids
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SHADES
V36 77004

@ 1waren
o\

TYPICAL CROSS SECTION

Figure 2.12-18. Window Shades

The window shades are aluminum sheets held on by '"wing'' latches.
The shades are 0.020-inch thick with a frame of 0.250 inch. The shade
has a gasket on the '""light" side which seats against the window. Each win-
dow frame has three wing latches, or two latches and a clip, that restrain
the shade on the window. The shades are stowed in a stowage bag in the
upper equipment bay.

2.12.4.1.2 Mirrors (Figure 2.12-19j.

There are two mirror subsystems: internal viewing mirrors and
external viewing mirrors.

Internal Viewing Mirrors. When the astronaut is in a pressurized
spacesuit on the couch, his field of vision is very limited. He can see only
to the lower edge of the main display console (MDC), thus 'blanking out"
his stcmach area where his restraint harness buckling and adjustment takes
place. The function of the internal viewing mirrors is to aid the astronaut
in buckling and adjustment of the restraint harness, locating couch controls
and spacesuit connectors.

CREW PERSONAL EQUIPMENT
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INTERNAL VIEWING
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view @

KD~ "S—TNTERNAL VIEWING MIRRORS - LEFY, CENTER, & RIGHT
EXTERNAL VIEWING MIRRORS - ONE SET OF 2, RIGHT

4
\ (=T
NN
b D

Figure 2.12-19. CM Mirrors

There are three mirrors, one for each couch position. The mirrors
for the left and right astronaut are mounted on the side of the lighting and
audio control console above the side viewing window snd fold. The center
astronaut's mirror is mounted on the right X-X head attenuator strut.

The mirror assembly consists of a mounting base, a two-segmented
arm, and a mirror. The mirror is rectangular (4.25 by 3.5 inches), flat,
and steel with an aluminized surface. The two-segmented arm allows a
reach of approximately 22 inches from the mount. The arms have swivel
joints with a friction adjustment to position the mirrors in the desired
angles. The friction is adjusted with tool R, a torque set driver. The
mirrors are locked in position by a clamp during boost and entry.

External Vicwing Mirrors. It is desirable to positively verify the
altitude abort and the deployment of the parachutes during entry. With the
couches in the 85-degree, or boost position, the left and right astronaut's
view through the rendezvous window is restricted to +5 degrees to
+42 degrees from the X-axis. One set of external viewing mirrors is
installed in the CM right rendezvous window to allow the LM pilot to view
the parachute while in the crew couch 85-degree position.
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The mirror set consists of an upper mirror assembly and a lower
mirror assembly. The upper mirror assembly is mounted on the side wall
near the upper rim on the rendezvous window frame. The lower mirror
assembly is mounted on the rendezvous window housing near the lower rim
of the window frame. Each mirror assembly consists of a mirror and a
bracket. The bracket has a short 2rm with adjustable friction swivel joints
that allow positioning of the mirrur. The short arm has a lock to immu-
bilize the mirror during landing. The mirrors will have a 1:1 magnification
factor, and are rectangular in shape, arnd, like the internal viewing mir-
rors, are steel with an aluminized surface.

Crewman Optical Alignment Sight (COAS) (Figure 2.12-20).

The primary function of the crewman optical alignment sight (COAS)
is to provide range and range rate to the CM or LM pilot during the docking
maneuver. The closing maneuver, from 150 feet to contact, is an ocular
kinesthetic coordination of the astronaut controlling the CM with economy
of fuel and time.

A secondary function of the sight is to provide the crewman a fixed
line-of-sight attitude reference image which, when viewed through the
rendezvous window, appears to be the same distance away as the target.
This image is boresighted (by means of a sight mount) parallel to the
centerline (X-axis of the CM) and perpendicular to the Y-Z plane.

COAS Description. The crewman optical alignment sight (COAS) is
a collimator device, similar to the aircraft gunsight, weighing approxi-
mately 1-1/2 pounds, is 8 inches long and requires a 28-vdc power source.
The COAS consists of a lamp vv/ith an intensity control, reticle, barrel-
shaped housing, mount, combiner assembly, and a power receptacle. The
reticle consists of a 19-degree circle (figure 2.12-20), vertical and hori-
zontal cross hairs with 1-degree marks, and an elevation scale (on the

side) of -10 to +31.5 degrees. The elevation scale is seen through an
opening or window.

The COAS i3 stowed in a mount by the left side window at launch and
entry, and other periods as the mission requires. Two spare lamps are
stowed in U3. The COAS can be mounted on the right or left rendezvous
window.

CQOAS Operation. De-energize receptacle by placing switch on
panel 16 (right) or 15 (left) to the OF F position. Install COAS on the win-
dow mount and energize circuit by placing switch to ON.

For the left window operations, match the barrel index with LW by
unlocking the barrel lock and rotating the barrel until the detent seats. For
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right window operations, use the RW index mark. There may be a little
play when the detent seats. To duplicate the boresighted condition, the
barrel must be snugged or rotated against the detent. The direction of
rotation is on the sidewall near each COAS mount.

To turn lamp on, turn intensity control clockwise until the reticle
appears on the combiner glass at the required brightness. The actual
usage and visual presentations will be discussed in paragraph 2.13.

Additional Uses. While photographing activities or scenes outside
the spacecraft with the 16 mm data acquisition camera, the COAS is used to
orient the spacecraft and aim the camera. The camera will be mounted in
the right window at a 90-degree angle to the X-axis, and will be shooting
out the right rendezvous window, via a right argie mirror assembly.

A constant angle on a slar during a differential velocity maneuver
(MTVC) can be maintained by use of the elevation scale. The barrel lock
is lifted and turned so the barrel can be rotated, and will hold in an inter-
mediate position by friction. The elevation will be read on the elevation
scale using the horizontal ''line'" of the reticle as the index.

LM Active Locking Target (Figure 2.12-21).

After lunar rendezvous and acquisition, the LM approaches the CM
from the forward end. At 50 feet, the LM pitches 90 degrees for the final
approach, during which the LM Commander will sight through the overhead
window, using the LM COAS for alignment. The LM overhead window will
align on the CM right rendezvous window. The LM docking target will be
placed in the CM right rendezvous window to function as a guide to the LM
Commander.

The LM active docking target is a collapsible target of the same con-
figuration as the I.M docking target but approximately half the size. The
base is 8 inches in diameter with green electroluminescent (EL) lamps and
a black stripe pattern on the front. The ''airplane' has a red incandescent
lamp and the support strut folds for stowage. The mounting support strut
is removable, plugs in the base, and is secured by a 1-inch nut that should
be hand tightened only.

The base has a power cord for connection to panel 16 near the right-
side viewing window. It operates on ac, and is powered from the
LIGHTING RUN/EVA/TGT-ACZ right CB on auxiliary CB parel 226. The
light is controiied by the DOCKING TARGET switch on MDC-16 and has
three positions: OFF, DIM, and BRIGHT.

Mission
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DOCKING TARGET ADAPTER

REF: V36601190

DOTKING TARGET
FOR STOWAGE

DOCKING TARGET
FOR INSTALLATION

Cs-752¢

Figure 2.12-21. LM Active Docking Target

For support during usage, the mounting support strut slides into the
right COAS mount on the right rendezvous window frame. The target is
stowed in 7J3 Locker on the side wall near the aft bulkhead and side hatch.

(_)Eeration. Remove the target from the U3 Locker, extend the strut
and lock in place with locknut. Verify right LIGHTING RUN/EVA/TGT-
ACZ CB on panel 226 is closed and the DOCKING TARGET switch on
NMDC-2 is OFF. Insert target mount strut slide into COAS mount until it
seats fully. When fully seated, the power connector will be mated.

To activate target, turn DOCKING TARGET switck to requested
brightness, DIM or BRIGHT. Tou deactivate target, turn switch to OFF.
To remove target and stow, reverse the installation procedure.
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2.12.4.1.5 Window Markings (Figure 2.12-22).

The left rendezvous, right rendezvous, and hatch windows have
markings to aid the crew in monitoring the entry maneuver and also
function as a visual reference for orieritation during a manually controlled
entry. After SM separatiun, the CM will be oriented to a '"bottom' forward
entry attitude with the crew’'s heads and Z-axis pointing '"down.' The
X-axis will make an angle of appro»imately 31.7 degrees with the "aft'
horizon during most of the entry, so as the commander views the horizon
through the left rendezvous window, it will appear 3!.7 degrees from the
X-axis. During the entry rol! program, the actual roll can be approxi-
mated by markings on the window periphery that have been precaiculated
by computers.

Being a method that requires a fixed-eye position to avoid parallax,
the 80th-percentile crewman eye position is used - his eyes are 15 inches
aft of the 31.7-degree mark on the inner rendezvous windows. If a crew-
man is other than the 80th percentile, he will have to adjust his head/eye
position.

Left Rendezvous Window Markings. The commander, viewing
through the left rendezvous window, has window marks that are yellow
epoxy ink applied externally on the glass. The index marks are every
5 degrees from -5 degrees to +35 degrees.

HATCH WINDOW
REF:  V34-300000

Figure 2.12-22. CM Window Markings
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Center (Hatch) Window Frame Markings. Entry begins at
400,000 feet (75 miles). When .05 g is sensed, the G&N system computes
the entry path to land at a certain location. The entry involves rolling the
command module to control the lift vector. The CMP in the center couch
can monitor the entry roll program. At 400,000 feet, the horizon will
appear across the 0° ROLL marks. As the CM is rolled, there are 55°
R&L, 90° R&L roll marks to compare to the horizon and estimate roll.

The black roll marks are on the hatch window ‘rame.

Right Rendezvous Window Frame Markings. The LMP will also
monitor the entry but in a limited degree. The right rendezvous window
frame only has the 5° and 35° markings in black.

Monocular (Figure 2.12-23).

The monocular is used during lunar orbit to identify lunar points of
interest. It is one half of a 10 x 40 (8 power) binocular and consists of the
right barrel and the focusing mechanism. The monocular is 5.56 inches
long and weighs 0.75 pound.

Couch Floodlight Glareshield (Figure 2.12-23).

The glareshields are used to diffuse the light from the two couch
floodlights when they are required for operations. They fold open for
stowage and are held around the floodlights by snaps. The glareshields
are bronze screen coated with flourel and have tape hinges.

MDC Glareshades (Figure 2,12-23),

In the event the crew does not use the window shades to black out the
light, the MDC glareshades are used to shade selected vital displays on the
MDC panels 1 and 2.

The glareshades have a molded fiberglass base with sponge flourel
rubber panel sides. A Velcro hook is bonded on the base flanges as a
method of restraint. The shades are labeled DSKY, MISSION TIMER, and
EMS DELTA V. '

Shortly after entering earth orbit, the glareshades are removed
from stowage and placed over the display keyboard (DSKY - panel 2),
mission timer (MISSION TIMER - panel 2), and the entry monitor system
display delta V/ranging (EMS DELTA V - panel 1). The displays have
Velcro pile for restraint. They are left emplaced the remainder of the
mission.

Mission
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Figure 2.12-23.
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9 Eyepatch (Figurec 2.12-23).

During the prcparation to use the sextant or tclescope, the LMP or
other crewman must condition his eye for ''night vision' when he anticipates
viewing the darkness. He will wear an eyepatch that will shut out ambient
light.

10 Telescope Sun Filters (Figure 2.12-23).

When sighting the G&N telescope tcward the sun, the sun rays are
attenrated by the use of the telescope sun filters. There are two sun filter
assenblies, one that is used on the long eyepiece for suited operations,
and one that is used on the standard (short) eyepiece for unsuited or shirt-
sleeve operations.

The standard eyepiece sun [iller is 3 inches in diameter, 0.6 inch
thick, and has an eyeguard or eyecup. The long eyepiece sun filter is
3.5 inches in diameter and 0.9 inch thick., Both filters have similar
mechanisms for attachment. They are rocker-arm levers 180 degrees
apart, that seat a shoe in a grove on the eyepiece.

To install the standard eyepiece sun filter, the eyepiece eyeguard
must be removed by unscrewing and stowing. Then, align the filter to the
eyepiece, press the levers, slide on eyepiece, release levers, and seat
the shoes. The long eyepiece filter installs directly on the long eyepiece
in the same manner.

11 Meter Covers (Altimeter and Accelerometer) (Figure 2.12-23).

Reflected light from meters is another annoying occurrence to the
crew. To limit the reflection from the altimeter and accelerometer
(MDC-1) which are inactive most of the mission, the crew places covers
over them.

The covers are flat, circular, sheet metal, 3 inches and 4 inches in
diameter for the accelerometer and altimeter, respectively. They have a
ring on one side for handling and a patch of Velcro hook on the other side
for restraint.

External Sighting and lllumination Aids (Figure 2.12-24).

External illumination aids are those devices or lights located on the
exterior surface of the CSM that furnish the visual envizonment to perform
operational activities. The aids will be described in the order of their
operational usage during a normal mission as follows: external spotlight

Mission
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CS-5508

Figure 2.12-24. External Illumination Aids

used during transposition and docking, running lights for CSM gross
attitude determination during lunar rendezvous, EVA hardles and radiolu-
minescent (R1L) disks for lunar rendezvous CSM forward end identification
and EVA activities, EVA floodlight used during EVA and retrieval of
exterior paint samples, and the rendezvous beacon for backup to the
rendezvous rad:r transponder (RRT).
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2.12.4.2. 1 Docking Spotlipght (Figure 2.12-25).

During the transposition and docking phasc of the mission (or simu-
lation), the CSM separates from the spacecraft LM adapter (SLA) and
S-1VB, translates forward 100 to 150 feet, pitches 180 degrees. rolls
60 degrees, and translates toward the LM/SI.LA/S-IVB for docking. During
the translation toward the LM/SLA/S-1VB, it is desirable to light the LM
so the proper perspective is maintained and excessive maneuvering is
decreased, thus minimizing SM RCS propellant usage. The lighting of the
LM/SLA is accomplished by use of the docking spotlight.

The spotlight is mounted behind the left rendezvous window on the
door of a concealed compartment in the CM/SM fairing. The door is
spring-loaded to the deployed position and is held flush by a pin extended

{MC s M} OC ¥NB ¢
r—LIGHTING—
COAS/TUNNEL
RUNEVAITGT rRUNEVAITGT RNOZ/SPOT
COAS/TUNNEL ACl A MNA
RNDZ/S #OT 2 -
aile wi | @ @ O @
{2 o,
? ?
PANEL 226 | (B

COAS 2—¢—2 TUNNEL LIGHTS
rEXTERIOR LIGHTS o

L ) S1M _RUNEVA RND2
NOZ Peeew——ad
o | 9SPOT (K]
OFF RNDZ | OFF ]
MOC 2
MEUT.
m j> -
RND2
P11V ¢
Sﬁlm
DOOR
INITIATOR

Cs-am¢

Figure 2.12-25, Docking Spotlight
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from an actuator. To deploy the spotlight/door, on MDC-2 (upper left)
place the EXTERIOR LIGHTS-RNDZ SPOT switch in the SPOT position.
The spotlight door initiator/actuator receives 28 vdc, its pin-retention
wire melts, pulling the spring-loaded pin and releases the door. The
sping-loaded door swings to the deployed position and is held there by a
hinge-brace. As the switch is placed in the SPOT position, it simultane-
ously applies 115 vac to the spotlight, turning it on.

When docking has been completed and the spotlight is no longer
needed, the switch is placed in the OFF position, removing power from the
spotlight. The compartment door remains open, or deployed, for the
remainder of the mission. If the spotlight is required again, place the
switch in the SPOT position.

The circuit breakers for the spotlight are on panel 226. The a-c
circuil breaker is labeled RUN/EVA/TGT-AC{ and the d-c circuit breaker
is labeled COAS/TUNNEL/RNDZ/SPOT-MNB.

Running Lights. (Figure 2.12-26).

The lunar rendezvous and docking phase, or simulation, requires a
'"gross attitude' determination by the LM crew after CSM acquisition at a
distance of approximately 2000 feet. This is achieved by viewing the CSM
running lights.

The running lights consist of eight lights on the service module

exterior: two red, two green, and four amber. Four of the lights are on
the fairing, just forward of the SM forward bulkhead, and approximately
halfway between the axes. The remaining four are on the aft end of the SM,
6 inches forward of the aft bulkhead and also halfway between tke axes.
The two lights on the upper right quadrant are green, the two lights on the
upper-left quadrant are red, and the four lights on the lower quadrants are
amber. The light fixtures contain four or six colored lamps and are wired
in series-parallel for redundancy.

When required or requested, the CM pilot can turn on the running
lights by placing the EXTERIOR LIGHTS-RUN/EVA switch on MDC-2
(upper left) in the RUN/EVA position. A-C power is applied to the lights
via a transformer, stepping the power down to 3.6 volts. The lights are
turned off by placing the switch to the OFF position.

The circuit breakers for the running and EVA lights are on panel 226
and labeled LIGHTING-RUN/EVA/TGT-AC |1 and AC 2. The EVA flood-
light and docking target are also powered by AC 1 and AC 2.

Mission
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Figure 2.12-26. Running Lights
2.12.4.2.3 EVA Handles With RL Disks (Figure 2.12-27).

During the lunar rendezvous and docking phase, or simulation, after
the ''gross attitude' has been determined by viewing the running lights,
the LM n:ust approach the CSM from the forward end of the CSM which is
accomplished by viewing the radioluminescent (RL) disks in the ring
handle. RL disks are also located in cther EVA handles.

The EVA handles coasist of a ring handle, an extendable handle, a
hatch handle, and four fixed handles. The ring handle is a circular hollow
tube around the docking ring at station X; = 108. There are eight supports,
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Figure 2.12-27. EVA Handles With RL Disgks

located every 45 degrees, starting at any axis. Each support has an RL
disk on the forward side. An additional use of the ring handle during EVA,
in a docked configuration, is a handhold by the crew.

The remainder of the hand'es are on the hatch side of the CM
exterior. From forward to aft, on the forward heat shield is an extendable
(pop-up) handle that is collapsed until the boost protective cover is jetti-
soned with the launch escape tower. Fixed handles are located along-side
the right rendezvous window, hatch, and positive pitch CM RCS engines.
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The fixed handles are aluminum, oval-shaped tubes 12 inches long with a
support fitting at each end. The handles are used for EVA maneuvering.
The hatch has a smaller fixed handle near the latch mechanism that is
used for opening the hatch. All the handle supports are bolted into fiber-
glass inserts into the ablative material. They may or may not burn off on
entry.

The handle supports have a small bar to which the EVA tether can be
attached. The handle supports also contain the RL disks for illumination.
The disks are approximately 5/8 inch in diameter. They are mounted in
0.730-inch-diameter retainers which are held in the handle supports by
spring clips. The RL disks are slightly radioactive and light (glow) in the
dark.

There are RL disks mounted in the hatch ablative material: two
adjacent to the iitch drive and four adjacent to the pressure equalization
{dump) valve. 7These function to locate the latch and valve in the dork.

EVA Ficodlight (Figure 2.12-28).

During EVA, while the hatch area is dark, additional light is avail-
able from the EVA floodlight. It is boom-mounted and is located on the
SM fairing aft of the CM right-side viewing window. The cork-covered
boom is deployed as the boost protective cover jettisons with the launch
escape system, pulling a pin that holds the boom in its stowed position.
The light fixture is similar to the running lights; the exception is six white
lamps wired in series - parallel.

The EVA floodlight is on the running lights circuit and is turned on
by the EXTERIOR LIGHTS-RUN/EVA switch on MDC-2 (upper left). The
circuit breaker is located on panel 226 and labeled LIGHTING-RUN/EVA/
TGT-AC 1 and AC 2.

Rendezvous Beacon (Figure 2.12-29).

In the event the LM rendezvous radar or the CSM rendezvous radar
transponder malfunctions during the lunar rendezvous, visual tracking is
required as a backup. For night (lunar darkness) tracking, the LM crew
will use the alignment optical telescope (AOT) to view the CM rendezvous
beacon.

The beacon is mounted on the CSM fairing approximately 10 inches
from the CSM umbilical fairing (+Z) in the -Y direction. The beacon beam
is canted forward so the center of the 120-degree beam is at an angle of
60 degrees from the X (longitudinal) axis. The light has the brightness of a
third magnitude star, capable of being seen at 160-nautical miles by tele-
scope or 60-nautical miles by the unz‘ded eye. When turned on, the
rendezvous beacon will flash at a rate of 1 flash per second.

-
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Figure 2.12-28. EVA Floodlight

The light is controlled from the MDC-2 (upper left) EXTERIOR
LIGHTS-RNDZ/SPOT switch. The switch is placed in the RNDZ position
when the beacon is needed. The circuit breaker is located on panel 2246
and is marked LIGHTING-CQAS/TUNNEL/RNDZ/SPOT - MNB.
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Figure 2.12-29. Rendezvous Beacon
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MISSION OPERATIONAL AIDS (Figure 2.12-30).

Mission operational aids are those stowed devices, apparatus, and
paraphernalia the crew utilizes to perform the required mission. Normal,
backup, and emergency requirements are accomplished by these items.
Miscellaneous items that are not related to other spacecraft systems or
subsystems are also included and described in this category.

Flight Data File (Figure 2.12-31).

The flight data file is 2 mission reference data file that is available
to the crewmen within the command module. The file contains checklists,
manuals, charts, a data card kit, and LMP data file. It weighs approxi-
mately 20 pounds.

DATA FILE

TEMPORARY
STOW BAGS

SPECIAL KITS

CS-2500C

Figure 2.12-30. Mission Operational Aids
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IN RHFEB DURING LAUNCH
o & ENTRY

TYPICAL FLIGHT DATA

PROCEDURES LANDMARK MAPS & PHOTOS
UPDATES MERCATOR STAR CHART
FLIGHT PLANS ORBITAL MAP
CSM RENDEZVOUS POLAR STAR CHART
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REF: V36-331092 view @

CS-25068

Figure 2.12-31. Flight Data File

LM Pilot's Flight Data File.

The LM pilot's data file is an aluminum container and is stowed in
compartment R3 in the RHFEB at launch and entry. The data file contains
a crew log, charts and graphs, systems data, and malfunction procedures.
It is attached on the right girth shelf near the LM pilot’s right shoulder
after orbit for accessibility.
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Mission

Data File Clip.
The data file clip function is to attach the handbooks to the structure
for accessibility. It is a metal clamp (clipboard type) with a patch of

Velcro on one side.

Crewman Toolset (Figure 2.12-32).

General.

The crewman toolset provides multipurpose tools and/or attachments
for mechanical actuations and valve adjustments. The toolset contains the
following items: a pouch, an emergency wrench, an adapter handle, an
adjustable end wrench, a U-joint driver, a torque set driver, a CPC
driver, 3 jack screws, and a 20-inch tether. Each tool has a tether ring
and is designated with a letter of the alphabet. All tools are capable of
being used with a PGA gloved hand.

The adapter handle (tool E) is most often used. Therefore, if the
tool required is other than tool E, a placard will indicate the correct tool
and the direction of rotation. For specific tool usage, refer to tool usage
chart. During February 1969, a group of tools associated with the probe
were added.

Toolset Description and Use.

Tools B, E, and V have small 5/32-inch and large 7/16-inch hex
drives similar to allen-head wrenches. The small drive is primarily used
for mechanical fastener and ECS valve operation. The large drive is used
for large torque requirements and connecting to drivers. Drivers, such
as tools L, R, and V, have 7/16-inch hex sockets that receive the large
drives.

Toolset Pouch. The toolset pouch is a tool retention device made of
beta cloth. The pouch has pockets with retention flaps and Velcro tabs.
For zero-g stowage, it has Velcro hook patches so it can be attached to the
CM structure. For launch and entry stowage, it rolls and fits into a
stowage locker on the aft bulkhead. The pouch will stow ali »f the tools.
However, some crewman may elect to stow the adapter handle E in the
gpacesuit, or in a more accessible compartment.

Tool B - Emergency Wrench. The emergency wrench is 6.25-inches
long with a 4.25-inch drive shaft. The drive shaft has a large drive only.
The wrench is capable of applying a torque of 1475-inch pounds, and has a
ball-lock device to lock it in a socket. It is essentially a modified allen-
head L-wrench. An additional tool B is aboard the LM.
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Crewman Toolset Usage Chart

|
o
S -
o 5 |S :é: & §
E = Emergency Mode Tool o slel~]. oA
P = Primary Usage Tool o | @ 0 'g = A | 8
2 213 :g 'g vol|l¢g H
| o h I [ =] ot ()]
AlR|o | & olo|ae
=198 sl=zle |2
o | P|ld |<|< | ]2 |
Function El3ls|elF|r ]|V
A. Environmental Control System X P
1. Open/close ECS valves on oxygen,
water, coolant control, girth shelf
ECS, and LHEB ECS panels.
2. Operate secondary cabin temperature X P
valve (LHFEB).
3. Operate CM/tunnel LM PRESSURE X|P
EQUALIZATION valve
(from LM side),
4. Unlatch/latch fasteners of access X P
panels to filter and coolant controls
(LHEB).
5. Unlatch/latch fasteners of access X P
panel to cabin atmosphere recirc
system (LHFEB).
6. Position PRIM ACCUM FILL valve X P
OPEN/CLOSE.
7. Open hatch dump valve (from outside EVA), X|P
8. Unlatch/latch fasteners of access panel to P
waste water line filter.
B. Guidance and Control System
1. R/R G&N handles (2) on G&N panel X P
(LEB).
2. Adjust scanning telescope shaft and X E E
trunnion axis (emergency mode) (LEB
Panel 121).
3. Open/close EMS pot GTA cover and X P
adjust EMS pot on MDC-1 during
prelaunch checklist by backup crew.
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Mission Basic Date 15 April 1969 Change Date Page 2.12-60




SM2A-03-BLOCK II-{(})
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Crcwman Toolset Usage Chart (Cont)

1
>
N ﬁ ol B
o AR LR E
E = Emergency Mode Tool B s3] &
P = Primary Usage Tool o |8 ; O D R -
2 ot T g} 0 - (o]
o I I T T
Al |E]lal®|e]|D|F
sl s|El=|TlE8!12 |8
g ) Rl ||| o
Function w|~<A{B|E|JF|R|V |/
C. Mechanical Systems - Inside CM
1. Install/remove survival beacon X P
) connector (5/8) hex.
2. Any drive screw or fastener with a 5/32" X P
internal hex.
3. Adjust mirror U-joints. P P
4. R/R sea water access tube plug X P
(LHEB).
5. Tighten/lnosen sea water teflon guide P
plug (3/4" hex).
6. R/R stowage lockers. X P
7. R/R probe components (discretion of E
crew).
D. Mechanical Systems - Unified Hatch
1. R/R bell crank. X |P
2. Operate unified hatch latch drive (from X |P
inside).
3. Isolate latch linkage. X |P
4. Actuate latches (backup adjustment P
11/16 flats).
5. Disconnect/remcve hinges. X |P
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Tool E - Afd .pter Handle. The adapter handles are approximately
3.5-inches iong a..d 1.5-inches in diameter. Each has a large and small
drive and fits all drivers. A ball detent will assist in maintaining contact
with the drivers. It is used similar to a screwdriver.

Tool F - End Wrench. There is one adjustable end wrench per tool-
set, a 10-inch crescent wrench. The end wrench is used to install and
remove the survival beacon connector and emergency activation of the hatch
latches.

Tool L. - Cold Plate Clamp Driver. The CLP driver is 5 inches long
with a 7/32-inch hex at one end and the 7/16-inch socket at the other. It is ‘
used to remove the waste water servicing plug on the water panel {352) in
preparation for partial dump of waste water tank.

Tool R - Torque Set Driver. The torque set driver is 4 inches long
with a 7/16-inch socket at one end, a shaft in the center, and a No. 10
torque set screwdriver at the other end. It is used primarily to adjust the
mirror universal joints that may come out of adjustment during vibration
loads.

Tool V - U-Joint Driver. The U-joint driver has a 7/16-inch driver
socket at one end and a universal joint with a small and a large hex drive
at the other end. The U-joint driver will rotate up to an angle of 30°. It
is used to gain access to the ""hard to get at' fasteners.

Tether. The tether is a strap 14 inches long with a snap hook at one
end and a loop at tke other. The hooks can be snapped into the tool tether
ring to secure it to the crewman when moving about the CM.

Jackscrew. The jackscrew is approximately 4 inches long with a
wing nut on one end. The opposite end has a trunnion, about which a lever
rotates, and through which a hook shaft slides. When the wing nut is
turned clockwise, it draws the hook shaft into the barrel.

In the event the side hatch is deformed and the hatch latch mechanism
will not engage the hatch frame, the jackscrew is used to draw the hatch to
the position the latch mechanism will engage. If the latch will not engage,
the screwjacks will hold the hatch clcsed so that it will withstand the
thermal load of entry. However, it mav not be pressure-tight.

To use, engage the lever into the tl'ree catches on the hatch frame
(two on right, one on left). Next, engage the hook into the three catches on
the hatch and screw the wing nut clockwise, taking care to tighten evenly in
increments. That is, a couple of turns on cue jackscrew, then a couple of
turns on the next jackscrev- (next clockwise position), etc., until the hatch
is snug.
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P’robe Tools. In the event the probe jams or malfunctions during the
docked confipuration, the following tools will give the crew a limiterd capa-
bility of removing and/or replacing some probc components:

Midget ratchet wrench - 4-1/2 inch length, 1/4 inch drive

3/8 inch socket.

1/4 inch blade screwdriver with 1/4 inch drive.

Three torque set tip adapters.

Cameras.

Two basic types of operational cameras and associated accessories
are furnished to facilitate in-flight photography: a 16 mm cine/pulse
cainera and a 70 mm still camera. Photography assignments vary from
mission to mission and hardware requirements vary accordingly. Space-
craft -ew equipment stowage lists reflect camera equipment configuration.
Typic -1 mission photography task assignments include the following:
synoptic terrain and weather studies, LM docking, crew operations, crew
EVA, and targets of opportunity. Later manned flights will provide for
specific scientific experiments and will require specialized equipment. A
brief description of the two basic operational camcras and their accessories
follows.

16 mm Data Acquisition Camera (Figure 2.12-33).

The data acquisition camera is a modified movic camera and is an
improved vereion of the earlier Gemini-type 16 mm sequence camera
equipped with new-tvpe external film magazines which greatly enhance the
photographic capabilities. Primary use of the camera will be to obtain
sequential photographic data during manned flights. It will be used for
documentary photography of crew activity within the CM and for recording
scenes exterior to the spacecraft. Bracketry installations at each rendez-
vous window facilitate use of the camera for CSM-LM docking photography
to recording engineering data. An additional hatch-mounted bracket
facilitates use of the camera for EVA photography. Camera modes of
operation (frame rates) are variable as follows: Time, 1 frame per second
(fps), 6 fps, 12 fps, and 24 fps. Shutter speeds are independent of frame
rate and include 1/60 second, 1/125 second, 1/250 second, 1/500 second
and 1/1000 second. Camera power is obtained from spacecraft electrical
system via panel-mounted 28-vdc utility receptacles. Camera operation
is rnanually controlled by an ON-OFF switch located on the front of the
camera. Camera weight, less film magazine, is 1.8 pounds. When
bracket-mounted at either spacecraft rendezvous window, the camera line
of sight is parallel (+2 degrees) to vehicle X-axis. Camera accessories
include a power cable, film magazines, lenses, right angle mirror, and a
ring sight, which are described in the following paragraphs.
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Power Cable. The power cable provides the necessary connection
between the spacecraft electrical power systci and the 16 mm camera.
The cable is approximately 108 inches long and weighs approximately
0.23 pound. Built-in electrical lamps are encrgized automatically during
camera operation and serve as visual indication that the mechanism is
working. Utility receptacles, 28 vdc, are located on spacecraft panels 15,
15, and 100.

16 mm Film Magazine. Film for each mission is supplied in pre-
loaded film magazines that may be easily installed and/or removed from
the camera by a gloved crew member. Film capacity is 130 feet of thin
base film. Total weight of magazine with film is approximately one pound.
Magazine run time versus frame rate is from 87 minutes at one frame per
second to 3.6 minutes at 24 frames per second. Each magazine has a
"film remaining'' indicator plus an '"end of film' red indicator light.
Future plans include film magazines of 400-foul capacity. Quantity and
type of film supplied is determined by mission requirements.

Lenses. Four lenses of different focal length, which are provided for
use on the 16 mm camera, are described herewith.

5 mm f/2 — an extreme wide-angle lens designed for wide-angle
photography. Primary use will be for close interior photography of crew
activity within the spacecraft and for EVA photography. Viewing angle of
80 degrees (vertical) by 117 degrees (horizontal) on a 16 mm format.
Weight of lens with protective cover is approximately 0.69 pound.

10 mm — (SEB 33100010) a medium wide-angle lens, the field of view
being 41.1 degrees x 54.9 degrees. It will be used for internal crew
activities and equipment when details are required. Focus is from 6 inches
to infinity with aperture openings from f1.8 to 22. It is similar in size to
the 5 mm lens and has two spike-like handles for setting f stop and distance
with the gloved hands.

18 mm T/2 — (SEB 33100023) a lens of slightly wide-angle design
and high optical quality. Primary use is for vehicle-to-vehicle photography
while bracket-mounted at left or right rendezvous window. It is also the
widest angle lens that may be used with the right-angle mirror. This lens
is usually stowed on the camera. Viewing angle of 24 degrees x 32 degrees
and weight is approximately 0.57 pound.

18 mm Kern — (SEB 33100018) the newest 18 mm lens model for
general photography of intravehicular and extravehicular activities. It is
slightly larger and longer than the former lens and is distinguished by its
two spike-like handles for setting the f stop and distance with the gloved
hand. This improved lens has larger numbers for reading while in the EV
spacesuit.
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75 mm /2.5 — (SEB 33100078) a medium telephoto lens design with
excellent optical properties. Primary use is for photography of distant
objects and ground terrain. Usually used on the bracket-mounted camera.
Viewing angle of 6 degrees x 8 degrees, weight is approximately
0.53 pound.

75 mm Kern — (SEB 33100019) the newest 75 mm lens model for DAC
telephotos. This lens is similar in appearance to the new 18 mm lens,
having two handles for f stop and distance gloved hand settings and larger
printed numbers. It also has a sun shade.

200 mm /5.5 — an extreme telephoto lens design with high optical
quality and excellent rezclution. Primary use is for long distance photog-
raphy of the LM and for detailed earth and lunar terrain photos. Its use
requires the camera to be bracket-mounted. Lens viewing angle is very
narrow, 2 degrees vy 3 degrees, and its weight is approximately 1.5 pounds.

Right Angle Mirror. This accessory, when attached to the bracket-
mounted 16 mm camera and lens, facilitates ph~’ography through the
spacecraft rendezvous windows along a line of sight parallel to vehicle
X-axis with a minimum of interference to the crewmen. It adapts to the
18 mm, 75 mm, and 200 mm lenses by means of bayonet fittings.

Ring Sight. An accessory primarily used on the 16 mm camera as an
aiming aid when the camera is hand-held. The concentric light and dark
circular rings, as seen superimposed on the view, aid the user in deter-
mining the angular field of view of the sight. It is attached to the camera
by its shoe sliding into a C rail.

Data Acquisition Camera Bracket. This device facilitates in-flight
mounting of the 16 mm camera at spacecraft left or right rendezvous
windows. The bracket is a quick-disconnect hand-grip that may be attached
to a dovetail adapter at either rendezvous window. The camera attaches to
the bracket by means of a sliding rail. Two marked locating stops are
provided for correct positioning of the camera at a window, one for the
18 mm lens and one for the 75 mm lens only. Bracketry alignment is such
that installed camera/lens line of sight is parallel to spacecraft X-axis,
+] degree.

16 mm Camera Operation. Remove camera bracket (grip) from
stowage and attach it to dovetail at appropriate rendezvous window. Unstow
16 mm camera and accessories as required. Attach selected lens. Install
right-angle mirror on lens (optional). Install ring sight on camera for
hand-hold use (optional). Install film magazine on camera. Determine
correct exposure. Set lens aperture and focus. Set camera mode (frame
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rate) and shutter speed. Install power cable on camera. Install camera in
mounting bracket (optional) at window. On spacccraft MDC pinels 15 and
16, verify UTILITY POWER receptacle switch is in OFF position. Mate
camera power cable to appropriate receptacle. Place switch to POWER
position and verify green operate light on camera is i'luminated steadily for
approximately 3 seconds to indicate electrical circuit operation. Filming
operation can be started by pressing the cperate button (switch) on front of
camera. To stop, press operate button again.

70 mm Hasselblad Electric Camera and Accessories (Figure 2.12-34).

The 70 mm camera is primarily used for high resolution still photog-
raphy, and is hand-held or bracket mounted and manually operated.
Camera features include interchangeable lenses and film magazines. The
standard lens is an 80 mm £/2.8 and a 250 mm £/4 telephoto lens is provided
for photography of distant objects. Two types of 70 mm film magazines are
provided, one for standard-base films, the other for thin-base films.
Camera accessories include filters and a ring sight. Some specific uses of
the camera are as follows:

e Verify landmark tracking
e Record Saturn IVB separation

e Photograph disturbed weather regions (hurricanes, typhoons, etc.),
debris collection on the spacecraft windows, SLA separation, LM
during rendezvous and docking, terrain of geological and oceano-
graphic interests, and other space equipment in orbit

e Act as a backup to the 16 mm sequence camera

e Record in-cockpit operation, e.g., normal positions of suited
crewmen.

The 70 mm Hasselblad camera is electrically operated. The
increased ease of operation and improved photographic quality distinguish
this camera from the earlier model still camera. A built-in 6.25-vdc
battery-powered, electric-motor-driven mechanism advances the film and
cocks the shutter whenever the actuation button is pressed. An accessory
connector permits remote camera operation and shutter operation indica-
tion for time correlation. All accessories for the earlier model camera,
except film magazines, may be used on the electric camera. Weight of
the camera, with 80 mm lens and 2 batteries, without film magazine, ie
4.04 pounds. The camera accessories are herewith described.
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TOMM FILM
CASSETTE
(SEB 3300082

TOMM FILM MAGAZINE

(SEB 33N
THIN BASE SEB 33100082

FILM LOAD

HAZE FILTER

STANDARD BASE FILM LOAD

T0MM ELECTRICAL
HASSFIRIAD CAMERA
WBOMM LENS

(SEB 33100102

70 MM CAMERA MOUNT

[SEB 33100032)

C$-3602A

Figure 2.12-34. 70 mm Hasselblad Electric Camera
and Accessories

80 mm £/2.8 Lens. Standard or normal lens for the 70 mm camera
with 2-1/4 x 2-1/4-inch film format. Used for general still photography
when a wide angle or telephoto view is not required. Focuses from 3 feet
to infinity. Has built-in shutter with speeds from 1 second to 1/500 second.
Field of view, each side, is approximately 38 degrees x 38 degrees.

250 mm /5.6 Lens. A telephoto lens that is primarily used for
photography of terrain and distant objects. It produces a 3X magnification
over the standard 80 mm lens. The relatively narrow view of this lens
necessitates careful aiming of the camera to insure the desired scene is
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photographed. A mount is available for mounting the camera and lens at
the right rendczvous window to view parallel to vehicle X-axis. The lens
focuses from 8.5 feet to infinity, and has built-in shutter with speeds from
1 second to i/500 second. Field of view, each side, is approximately

13 cegrees x 13 degrees. Weight of lens is 2.06 pounds.

Red Filter. This filter is used with black and white panchromatic
film to greatly reduce the effects of atmospheric haze and improve image
contrast in photographs of terrain. The filter may be attached to the
80 mm lens and 250 mm lens by means of its bayonet fittings. Light cutoff
is for wavelengths of 6000 angstroms and shorter.

Polarizing Filter. (SEB 33100039-301) The polarizing filter is for
use during lunar mapping and photography from the CSM with high-lighting
conditions. It adapts to the Hasselblad 80 mm lens.

Photar 2A Filter. (SEB 33100050-206) The Photar filter replaces
the haze filter for Hasselblad Electric Camera and is used with color film
to produce good color rendition and improved contrast in photographs of
the earth. It can be used with the 80 mm and 250 mm lens.

70 mm Film Magazines. Two types of filmm magazines are used, one
for standard-base film, the other for thin-base film. Either film magazine
attaches to rear of camera and is locked in place by a lever-actuated
clamp. The type 100 film magazine is for standard-base film and capacity
is 100 2-1/4 x 2-1/4 inch frames. The type 200 film magazine is for thin-
base film and capacity is 200 2-1/4 x 2-1/4 inch frames. Each film maga-
zine contains gross-film indicators for frame count.

Ring Sight. The ring sight is an aid for aiming the camera when the
camera is used hand-held. Mounts in a ''shoe'' on the side of the camera.
It is the same ring sight that is used on the 16 mm sequence/data acquisi-
tion camera.

70 mm Camera Mount. For the purpose of photographing parallel to
the X-axis, the camera mount is used. It is T-shaped, the stem being
7 inches long and the bar 6 inches. The stem inserts into a socket mount
along the right side of the hatch frame, approximately 7 inches from the
TV socket mount. The T bar portion has two quickie couplings (lower and
upper) that attaches to the camera. The lower coupling is for use of the
camera with the 250 mm lens and will align the camera parallel with the
X-axis. The upper coupling is for use of the camera with the 80 mm lens
and is pitched upward 12 ° from the X-axis to give the camera an
unobstructed view.

Mission

CREW PERSONAL EQUIPMENT

Basic Date_l5 April 1969 Change Date Page 2.12-69




SM2A-03-BLOCK 1I-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

To use the mount, assemble, adjust, and set the 70 mm camera.
Attach the camera to the appropriate mount quickie coupling and insert the
stem :into the socket mount near the hatch frame until the latches snap in.
The intervalometer cable is then attached. The camera is then sighted by
using the COAS and orienting the CSM X-axis toward the target. The
camera can be momentarily displaced by pressing the latch levers and
rotating until the latches ''seat' again.

Intervalometer. The intervalometer is a remote control device for
taking sequential pictures. It is extremely useful for making a strip map
(vertical stereo strip from rendezvous window, oblique stereo strip from
side windows, etc.). Its control box is 2.5 x 2.5 x 1 inches and has an
ON/OFF switch. A 120-inch cable connects it to the camera accessory
connector. The intervalometer is preset at 20-second intervals and is
powered from the Hasselblad Electric Camera battery pack.

2.12.5.3.3 Automatic Spotmeter (Figure 2.12-35).

AY
-

This meter replaces the earlier model spotmeter and greatly
enhances the crewman's ability to obtain accurate exposure information
with a minimum of expended time and effort. The unit is 2 completely
automatic CdS reflectance light meter with a very narrow angle of accept-
ance (one degree). The meter scales are automatically rotated to indicate
the correct camera shutter speed/lens aperture values for the selected

LENS

KNOB

OPERATE
BUTTON

BATTERY
COMPARTMENT

LENS EYEPIECE

&\:9
EYEPIECE
AUTOMATIC
EXPOSURE DIAL SPOTMETER
‘ (SEB 33100104)
SWITCH MANUAL SPOTMETER
(SEB 33100028)

CS-36(BA

Figure 2.12-35. Spotmeters
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2.12.5.4.3

photographic subject. Brightness range is from 0.32 to 5000 foot-lamberts,
with an extended range to 20,000 foot-lamberts by use of accessory neutral
density filter. ASA range is from 3 to 25,000 and the weight of meter is
1.9 pounds.

Accessories and Miscellaneous Equipment (Figure 2.12-36).

Temporary Stowage Bags.

The temporary stowage bags are used for temporary stowage of small
items and permanent stowage of dry refuse or '"trash."

The waste bag, nicknamed the "VW'" bag, is a two-pocket unit. The
outer pocket is deep, about 3 feet by 1 foot by 3 inches and is held shut by
a bar spring. The inner pocket is flat, about 1 by 1 foot and is held shut
by a rubber bungee. The bags are attached to the girth shelf and LEB by
snaps.

The outer bag is for dry uncontaminated waste matter and the inner
bag serves as temporary stowage for small items.

There are three waste bags, one for each crewman. The Com-
mander's bag attaches to the left girth shelf, the LM pilot's to the right
girth shelf, and the CM pilot's, the LEB. They are stowed in a stowage
locker at launch and entry.

Pilot's Preference Kits.

The pilot's preference kits are small beta cloth containers
7 x 4 x 2 inches, and weigh 0.5 of a pound. Each crewman will pack it
with personal equipment or equipment of his choice.

Fire Extinguisher.

A fire in the cabin, or behind the closeout or protection panels, is
extinguished by a small fire extinguisher. One fire extinguisher, on locker
A3 near the LEB, is provided.

The extinguisher weighs 8 pounds and is about 10 inches high with a
7-inch nozzle and handle. The tank body is a cylinder with a dome, and is
made of stainless steel. The extinguishing agent is an aqueous gel
(hydroxymethyl cellulose) which expells 2 cubic feet of foam for approxi-
mately 30 seconds under 250 psi at 140°F. The expulsion agent is Freon
and is separated from the gel by a polyethylene bellows. The nozzle,
handle, and actuator button are insulated against sparking. As a safety
measure against overheating, a disk will rupture between 350 and 400 psi,
allowing the gel to expel.

To operate, pull the safety pin in the handle, point at the fire or
insert in a FIRE PORT, and press the button.
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(To be supplied at a later date.)

Figure 2.12-36. Accessories and Miscellaneous Equipment
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Oxygen Masks.

In the event of smoke, toxic gas, or hostile atmosphere in the cabin
during the shirtsleeve environment, three oxygen masks are provided for
emergency breathing.

The mask is a modified commercial type (GFP) with headstraps to
hold it on. A utility strap is attached to the mask muzzle for inflight
stowage. The oxygen is supplied at 100 psi through a flexible hose from
the emergency oxygen/repressurization unit on the upper equipment bay by
actuating the emergency oxygen valve handle on panel 600. The mask has
a demand regulator that supplies oxygen when the crewman inhales.

The three masks are stowed in a beta cloth bag on the aft bulkhead
below and aft of the emergency oxygen/repressurization unit. The masks
are removed by pulling the center tape loop handle to disengage the snap
fasteners restraining the cover. For inflight accessibility, the oxygen
masks are stowed along the girth ring near the side hatch by attaching its
utility strap snap socket to a stud.

Inflight Exerciser.

An inflight exerciser, similar to the "Exergenie,' is provided for
daily exercise. It will be stowed in a small beta cloth container inside a
stowage locker on the aft bulkhead.

Tape Roll.

A 6-inch diameter roll of 1-inch wide tape is provided for utility
purposes.

Two-Speed Timer.

The two-speed timer is a two-mode kitchen timer. It is used by the
crew to timn= short period events such as fuel cell purge. The face
markings are 0 to 6. The two modes are 6 minutes and 60 minutes and
are set by positioning a lever on the face to X1 or X10. To operate, set
the mode, tura the pointer to the desired time setting, and an alarm bell
will ring when the tim=2 elapses.

Accessory Bag.
Therc are three accessory bags stowed in the PGA helmet bags at

launch. They will be used for utility purposes. The bags are beta cloth,
flat (15 x 10 inches) and the open end has a drawstring closure.
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Headrest Pad.

During an unsuited entry, the crew will need pads on the couch head-
rest to ease landing impact to the head and to raise the head to the helmeted
eye position. Therefore, there are three headrest pads stowed at launch
that are attached to the couch headrests at entry.

The headrest pads are 5 x 13 x 2 inches and are a black fluorel
sponge. They have pockets on the ends to slip over the headrests and
restrain them.

Grounding Cable.

Static electricity is generated by crew activity in the crew compart-
ment. The COp canisters must be grounded when removing them from the
stowage locker or compartment to the ECS filter. The canisters have a
jack in the center to receive a plug when removing and replacing the
canisters.

The grounding cable is sixty inches long with a plug at each end. It
is stowed at launch. When using, ground it by inserting one plug in a jack
on locker A3. The opposite end inserts into the CO2 canister jack.

Control Mounts or Adapter.

The translation and rotational controls have the capability of mounting
on the LEB by the use of control mounts and rerouting the control cables.

The rotational control mount is 14 inches long and 2-1/2 inches wide,
is aluminum, and has a dovetail. There are four fasteners, one in each
corner that have knobs for rotating. The translation control mount stows
on an aluminum bracket on locker A6 when not in use. For use, it mounts
adjacent to the right side of LEB panel 122.

The translation control mount is 17 inches long and 4 inches wide, is
aluminum, and has a dovetail. It alec has four fasteners with knobs. It
stows on a bracket on locker A3 and for use, mounts adjacent to the left
side of LEB panel 122.

Both mounts have lock buttons to actuate pins that retain the controls
on the mount dovetails. ’

Miession

CREW PERSONAL EQUIPMENT

Basic Date 15 April 1969 Change Date Page 2.12-74




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.12.5.5 Utility Outlets (Figure 2.12-37).

The crew compartment has three electrical utility outlets of 28 volts
dc. The outlets are disbursed for accessibility and are located near the
left side window (MDC 15), the right side window (MDC 16), and on the
lower equipment bay panel 100. Each outlet or receptacle has an adjacent
UTILITY switch with a POWER and OFF position. The circuit breakers
for the utility outlets are on panel 229 and marked UTILITY R/L STA for
MDC 15 and 16, and UTILITY LEB for panel 100.

2.12.5.6 Scientific Instrumentation Outlets (Figure 2.12-37).

For supplying 28 vdc to scientific experiments, there are receptacles
on panels 162 and 163 of the LEB and panel 227 on the right girth shelf.
Each outlet has an adjacent switch with a POWER and OFF position. The
circuit breaker for the receptacles are on panel 5 and marked INSTRU-
MENTS/SCI EQUIP/NONESS/SEB-2 for panels 162 and 163. The CB for
panel 227 is on MDC 5 and marked NONESS/HATCH. The nonessential
bus 2 must be powered by the switch on MDC 5 marked NONESS BUS
MNA - OFF - MNB.

Panels 162 and 163 are behind the LEB closeout panels and compart-
ment B5, respectively. If the mission does not indicate usage. the switch
will be safety wired to the OFF position.
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(To be supplied at a later date.)

Utility and Scientific Instrumentatior. Outlets

Figure 2.12-37.
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2.12.6 CREW LIFE SUPPORT.

2.12.6.1 Crew Water.

2.12.6.1.1 Drinking Water Subsystem (Figure 2.12-38).

The source of cold water for drinking and food preparation is the
swater chiller. The line is routed to the cold water valve of the FOOD
PREPARATION WATER tank; and has a maximum pressure of 48 psi, a
minimumn pressure of 18 psig, and a nominal working pressure of 22 to
27 psig. The crewman drinking water line is teed off, and routad through
a shutoff valve to the water dispenser located beneath the main display
panel structure.

WATER
PISTOL

FOOD PREP}REATION WATER

- oo
- -

1/12 02 CHAMBER \ '

-~ _J@\ ~ WATER PISTOL
’ \ B
QD-ALSO L )
CONNECTS TC 4 )
HEATER 154°F
°.° COUNTER
I
1 QT CAPACITY I
H20 *LOWER EQUIPMENT BAY
GLYCOL —em—x —
a5°F
WATER SO°F
CHILLER/] 70°F
I AFT BULKHEAD
18-27 PSI
f OXYGEN
CM INNER
STRUCTURE

CM AFT EQUIP COMP

SERVICE
MODULE FUEL CELL WATER

VIEW LOOKING FORWARD
Cs-41028

Figure 2.12-38. Water Metering Dispenser Assembly
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FUNCTION:

DESCRIPTION:

OPERATION:

April 11, 1969
DATA SHEET

Water Bag and Gas Separator, CFE, V36-612560
Remove hydrogen gas from spacecraft vater.

The water bag is a plastic bag 20" long 6" wide with a

5" and 14" chamber separated by a 3/8" opening It has two
valves and a spin handle at the upper end. Tt supply,

or inlet valve, is a one way valve and receiv:- . the ater
pistol or food water nozzle. The outlet is ¢ :hutc .

valve for bleeding gas and drinking water. © - a handle
allows the bag to be spun as a centrafuge, for .z the
vater to the lowver chamber.

The water bag will be stowed in the aft bulkhead locker A-8.
Retrieve the water bag, push the water pistol into the
inlet valve and press the actuator. Fill the bag to
approximately two-thirds full, or enough to fill the lower
chamber. It's more desirable to "underfill" the lower
chamber than to overfill. Remove the water pistol and
twirl the bag by the handle. The water will force the
hydrogen gas to the upper chamber. As the twirling is
stopped, pinch the opening with the fingers and fold the
bag between the upper and lower chamber. Open the outlet
valve by twisting the knurled kmob 90 degrees and squeeze
the upper chamber, bleeding the hydrogen gas. (The folded
bag can be held against the body, leaving two hands free to
operate the valve.) When tke gas has been bled, insert the
outlet valve nszzle into the mouth or food bag and draw
vater by squeezing the water bag.




20790/ ~ ALMILIFSST

0952/9 - 96N
Sva dILvM

SITWYHO &I/N07

INIVF0
»

IITUHO o Tao?

LIT7LNC J .
o'.,\h INV6S] LI TN/
I )

F790 (V/dS




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK -

SYSTEMS DATA

The water dispenser assembly (water pistol) consists of an aluminum
mounting bracket, a coiled viton rubber hose, and a water delivery valve
in the form of a lever-actuated pistol.

The uncoiled hose will reach 72 inches, and when the pistol is
returned to the mount, the hose will re-coil into the housing. The pistol is
stored in the mounting bracket and is held in place by a retainer.

Operational Use. The shutoff valve on panel 304 is opened during the
countdown to activate the system. This is accomplished with the valve
handle. The shutoff valve will be open for the entire mission unless the
pistol or dispenser assembly develops a leak or malfunctions.

The pistol barrel is placed in the mouth and the actuator lever
pressed for each one-half ounce of water. The meter must be read before
and after to determine the amount of water drunk. The amount is then
logged.

After landing, the potable water supply will be used for drinking until
depleted. Then, the sea water can be converted to potable water by a
device in the survival kit.

2.12.6.1.2 Food ! -paration Water (Figure 2.12-39).

Th ood preparation water is metered from the FOOD PREPARA-
TION WA . ER supply on the LHFEB (panel 305), and is used to reconstitute
the food. It meters cold water at 50°F and hot water at 154 °F to l-ounce
aliquots.

There are two syringe-type valves, and a water nozzle with a pro-
tective cover and lanyard. The hot water tank capacity is 38 ounces
(slightly mozre than a quart) and is heated by 25- and 20-watt calrod heaters
controlled by three thermostats. The thermostats are powered through the
POT H20 HTR, MNA and MNB circuit breakers on MDC-5,

To operate, remove nozzle protective cover by pulling. Secure food
bag and cut protective cover from the food bag valve. Push food bag valve
on the water nozzle, verifying the food bag valve is open. Pull the syringe
handles and release (1 cycle) as many times for as many ounces cof water

needed. When finished, pull the food bag valve off nozzle and replace
cover.

2.12.6.2 Food.

The food furnishes a balanced diet of approximately 2500 calories
per day to each crew member.
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IMSULATION
,COLD WATER SUPPLY

ELECTRICAL
HEATING ELEMENT
OPEN 157 z 2°F
Si S2
W
‘ WATER QUTLET
FOOD PREPARATION WATER UNIT PROBE COVER

CS-4000

Figure 2,12-39, Food Preparation Water System

The food is vacuum-~-packaged in plastic bags. The food bag Las a
one-way poppet valve through which the food reconstitution water supply
nozzle is inserted. The bag has a second valve through which the food
passes into the mouth.

The food bags are packaged in a Kel F plastic bag to make one meal
for zach astronaut. There are meal bags for breakfast, lunch, and dinner.
The total group of meal bags plus cleansing cloths and oral hygiene
assemblies for a mission is 2 food set. The meal bags have red, white,
and blue patches of Velcro to identify them for the individual crewman.
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2.12.6.2.1 Use.

The freeze-dry food is rec zastituted by adding hot or cold water
through the one way valve on the food bag neck. It is then kneaded by hand
for approximately 3 to 5 minutes. When reconstituted, the neck is cut off
with scissors and piaced in the mouth. A squeeze on the bag forces food
into the mouth. When finished, a germicide tablet, attached to the bag, is
slipped through the mouthpiece to prevent fermentation and gas. The bag
is then rolled as small as possible, taped, and returned tv *he food stowage
compariment.

2.12.6.2.2 Stowage (Figure 2.12-40).

Food is stowed in two areas: the food stowage compartment
(2125 cabic inches) in the lower equipment bay (LEB), and the food stowage
compartment (2947 cubic inches) .n the left-hand equipment bay (LHEB).
Combined, they offer approximately 5072 cubic inches of food storage
volume, which is sufficient for a 10.6-day mission.

The LEB compartment door is held closed with a '"dog ear'' latch
(squeeze latch). The door is held by a slide and bell-crank detent, and
acts as a food shelf. When opened, the door inner surface has patches of
Velcro hook. The food box, located inside, is fiberglass with an open end,
covered with Beta cloth held on by snaps. The cloth is detached to gain
access to the food packages.

The LHEB food compartment (L3) has two doors. Eazch door has a
squeeze latch and is hinged at the top. The food box is similar to the LEB
food box.

2.12.6.2.3 Contingency Feeding System.

In the event the cabin is depressurized, the crew will be in their
spacesuits and pressurized. Feeding will therefore have to be thhrough
the helmet feed port with use of the contingency feeding adapter. However,
the backpressure {rom the spacesuit into the food bag may rupture the bag
8o it must have a protective cover —the food restraint pouch. Only fluids,
primarily fruit drinks and punches will be drunk under these conditions as
the solid food is too large to pass through the adapter. This condition
could last five or less days.

The contingency feeding adapter and food restraint pouch are in a
Kel F package and stowed in the LEB food compartment Bl.
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CLOTH COVER FOOD PACKAGES

‘ — . I CLOTH COVER
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LEFT HAND EQUIP BAY L’
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/

FOOD STOWAGE BOXES

CS-4700A

Figure 2.12-40. Food Stowage

Food Restraint Pouch. The food restraint pouch is a strong nylon
bag that fits over the food bag and prevents its rupture. While it contains
the food bag, it can be compressed, forcing drinks from the bag, through
the adapter into the mouth of the crewman.

Contingency Feeding Adapter. Nicknamed the ''pon'' tube, the contin-
gency feeding adapter is a tube like device that inserts into, and opens, the
food bag valve. It also inserts through the PGA helmet feed-through port
and into the crewman's mouth.
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2.12.6.3

2.12.6.3.1

Waste Management System and Supplies.

The function of the Waste Management System (WMS) is to control
and/or dispose of crew waste solids, liquids, and waste stowage gases.
The major portion of the system is located in the RHEB. The basic
requirements of the system are ease of operation, accessible supplies,
coliection and stowage of feces, urine collection and overboard dump,
removal of urine from the PGA, urination while in the couches, venting of
waste stowage gases, and vacuuming waste liquids overboard. The WMS
contains & urine, fecal, waste stowage vent, and vacuum subsystem with
their associated supplies and equipment.

General Description (Figure 2.12-41).

The WMS contains a urine transfer system (UTS), or uiine recep-
tacle, urine hose, a vacuum fitting, a fecal collection d=vice, fecal stowage
compartment, a WMS panel with two QD's, 2 control valve, a urine dump
line with a special dump nozzle and an auxiliary dump nozzle. Opening the
control valve on the WMS panel subjects the system to a 5-psi differential
pressure, crew compartment to space. The dump nozzle contains an exit
orifice of 0.055 inch that restricts gas flow to a maximum of 0.4 cfm and
liquid flow to 1 pound per minute. The gas flow is limited to prevent
excessive loss of cabin oxygen during system usage. To prevent the forma-
tion of ice at the dump nozzle, which could block flow, the dump nozzle
contains two 5.7-watt heaters controlled from panel 101 (LEB). A switch
selects the dump nozzle heater to be enabled. Two 2-watt heaters are on
the urine line just inboard of the nozzle and are operating continuously.

The battery vent/waste water dump subsystem parallels the urine
dump line. It routes outgassing and emergency relief of fluids from the
batteries to the WMS panel (252), through the battery vent valve to the ECS
water panel 252 where the waste water vent line T's into it. From
panel 352, it is routed through a 215-micron filter on the aft bulkhead,
through a penetration fitting in the sidewall, lo the waste water dump
nozzle. The temperatures of both dump nozzles (0 to 100 degrees F) are
telemetered to earth to provide an indication cf impending nozzle freezing.
In the event that either dump nozzle freezes or clogs, the dump lines can
be interconnected. To interconnect, cpen the door below panel 252,
exposing a flex line connected to a stowage QD). Disconnect the flex line
and connect to the QD 2 inches to the right marked TO WASTE WATER
NOZZLE. The interconnecting allows fluids to flow cut the '"oper"
(unrestricted) dump nozzle.

The battery vent line cor:tains a pressure transducer that has a read-
out on the SYSTEMS TEST meter (position 4A) on panel 101 (LEB). A
periodic check of the battery vent line pressure will indicate freezing or
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Figure 2.12-41.
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clogging of the waste water dump nozzle. (This is not likely to nccur if the
waste water tank is drained p~riodically.) Place the BATTERY VENT
valve (panel 252) in the VENT positicn, thus sensing the battery vent and
waste water dump lin+. Plugging of the nozzle will be indicated by a rise
in pressure. If the waste water dump nozzle becomes plugged, intercon-
nect the urine dump line and check the urine dump nozzle. Insert the cabin
nitrogen purge (vacuum) fitting into the WAIS panel QD, pressurize the lines
(5 psi) by opening the OVBD DRAIN valve (to DUMP), closing the valve,
and monitor the battery vent linre pressure. If the pressure drops to zero,
the urine line and nozzle are clear. If the system remains pressurized,
both nozzles are plugged. The auxiliary dump system should then be used
and is described in subsequent paragraphs.

2.12.6.3.2 Urine Subsystem (Figure 2.12-42).

The urine subeystem has two contending urine collection devices for
collecting and transferring vrine, the Urine Transfer Syctem (UTS) and the
Urine Receptacle. The remainder of the urine subsystem iz a 120-inch
flexible urine hose (capable of reaching a crewman in a couch), and a filter.

Gemini Urine Transfer Systern (UTS). The componunts of the urine
transfer system (UTS) are a rollon, receiver, valve with a manifold,
collection bag, and a 3/8-inch quick-disconnect (QD). The rollon is a
rubber tube that functions as an external catheter between the penis and the
receiver/valve. The rollon is ueed approximately one day (5 to 6 urina-
tions) and then replaced. Ten additional rollons per crewman 2re in a
stowed rollon cuff assembly coded red, white, and blue. The rollon
attaches to the urine receiver. The receiver is a short tube (hat contains
a low-pressure differential check valve (0.038 psi), a low pressure differ-
ential bypass valve, and screws onto the valve manifoid. The collection
valve Las two positions, OPEN and CLOSED, and allows urine to flow into
the manifold. The other end of the valve manifold has a 3/8-inch QD and
the collection bag throat is teed into the manifold. The urine collectiun
bag is rectangular in shape with a capacity of approximately 1200 ccs.
Each crewman will have his personal UTS for sanitary reasons.

Urine Receptacle With Plenum. The urine receptacle is a relief tube
with a valve on the exit end. Both ends have threaded sections. The
diaphragm assembly will screw on the receiving (front) end and the plenuin
will screw on the exit (rear) :nd. The urine receptacle valve opens when
turned 90 degrees counterclockwise and closes 90 degrees clockwise. The
relief tube body has slanted holes downstream of the diaphragm and
upstream of the valve that allows gas to bypass the diaphragm when
attached to the penis. Thcre is one urine recepiacle per spacecraft.
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(To be supplied at a later date.)

Figure 2.12-42. Urine Subsystem Components

The diapkragm assembly is a short cylinder with a2 stretched
diaphragm over the upstream or receiving end. The diaphragm has a
hole in the center through which the penis is placed. 1he diaphragm is
attached to a collar that moves along the outside of the cylinder and
stretches the diaphragm. The collar is moved by a wishbone fitting. The
diaphragm attaches to tl.» receptacle by screwing. Each crewman will
have his personal diavhrugm marked L, C, or R. Each diaphragm will
have a plastic cap cover with a strap handle and a snap. The diaphragms
are stowed in a beta cloth container with compartments marked L, C, and
R.
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The plenum chamber attaches to the receptacle exit threaded section
and is sealed with an O-ring. An enclosed cylinder with a capacity of
780 cc, it receives the urine from the receptacle. Attached to the bottom
of the plenum is an open end stand pipe with holes at the top, middle, and
lower ends. This aliows gas to always mix with the urine and assure an
adequate fiow. The exit end of the plenum has a QD that attaches to the
urine hose.

The diaphragm-receptacle-plenum, or urine receptacle assembly
will receive and transier urine at a maximum rate of 40 cc per second.
The urine subsystem has a capacity of 1200 cc at the rate of 40 cc per
second. The assembly will be stowed in an aft bulkhead locker for launch
and entry. During the mission, it will be stowed on the aft bulkhead cable-
way, by the WMS panel 252 with the aid of a strap. It should always be
stowed with a diaghragm and cover attached to restrict debris.

Urine :-ose and Filter. The flexible urine hose is convoluted flourel
which will withstaad a {-psi differential pressure and is supple to facilitat:
casy routing and handling at zerog. The spacesuit urine QD is located
approximately 20 inches from the urine QD and is teed into the hose. The
panel QD end of the hose connects to a Zi5-micron (0.009 inch) filter with
& QD which matss with the waste management system (WMS) panel QD.

The urine is filtered to prevent clogging the 0.055-inch orifice in the urine
dump nozzle. In the event the OVBD (overboard) DRAIN valve leaks, the
panel QD can be disconnected to prevent loss of oxygen.

Operation. Urine is dumped in one of the following ways: urination
and dumping simultaneously, urination and dumping separately, or draining
(dumping) the spacesuit urine collection and transfer assembly (UCTA).
There is also an auxiliary dump method which will be described later.

One of the two urine dump nozzle heaters should be on at all times
during the mission. The URINE DUMP HTR switch, on panel 101 of the
LEB, has three positions: HTR A, HTR B, and OFF. Select HTR A or
HTR B. The circuit breakers for this switch are the ECS STEAM/URINE
DUCT HTR MNA/MNB circuit breakers on MDC-5 (lower center).

Urine Transfer System, Urinating and Dumping Simultaneously.
Connect the panel end of the urine hose (with filter) to the WMS panel QD.
Connect the kose urine QD to the urine transfer system (UTS) QD. Next,
turn the OVBD DRAIN valve to DUMP. Attach the UTS to the penis by the
rollon. Turn the UTS valve handle to OPEN (it will cover the word
"OPEN') and urinate. The receiver low pressure differential check valve
(0.038 psi) is opened. During this operation, 200 toc 300 cc of urine will
flow into the urine hose and gradually fill the lines. When the flow
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decreases, the UTS bag will begin to fill. The 5-psi pressur:z differential
between cabin and space wii! cause gas and urine to dump overboard.
(With the penis connected, the bypass valve in the receiver prevents a
pressure differential on the penis). When urination is ccmplete, roll the
rollon back onto the receiver and remove the penis. Place the finger over
the bypass valve, thus sucking urine on the outside of the receiver into the
receiver flapper valve and preventing it from leaking into the cabin. Close
the UTS valve and allow the bag to completely vacuate. Then open the UTS
valve and allow a minute purge to clear the urine hose, and then close the
valve. Disconnect the UTS QD and stow. Turn the OVBD DRAIN valve to
OFF, remove the hose, and stow.

Urine Transfer System, Urinating and Dumping Separately. To uri-
nate and dump separately, unstow the UTS and attach to the penis by the
rollon. Turn the UTS valve to OPEN and urinate. The urine will pass
through the receiver low-pressure differential flapper valve, through the
valve, and into the bag. When urination is complete, remove the UTS by
rolling the rollon back to the receiver. A little urine may be clinging to
the receiver. Attach a filter to the collection bag QD and then attach the
UTS and filter to the WMS panel QD. (This can be accomplished when
convenient.) Open the OVBD DRAIN valve and the UTS valve. When the
bag is empty (flat), allow 30 seconds for purging before closing the UTS
valve and OVBD DRAIN valve. Disconnect UTS QD frorm the filter QD and
stow.

Urinating Using the Urine Receptacle Assembly. The use of the
urine receptacle necessitates urinating and dumping simultaneously. Tec
use, obtain the urine receptacle assembly from the mission stowage
position and attach personal diaphragm. Remove diaphragm cover and
stow. Connect the assembly to the -rine hose, rotate WMS OVBD DRAIN
valve to DUMP, and rotate the uriae receptacle valve 90 degrees counter-
clockwise until it stops. The system is vented to space and has a 5-psi
differential. Open the diaphragm hole, insert penis, urinate, and remove
penis. When the plenum empties, allow 60 seconds for the hose and lines
to clear, then close urine receptacle valve and OVBD DUMP valve,
respectively. Place cover on diaphragm, and stow.

Draining the UCTA While in the Spacesuit. To drain the spacesuit
urine collection and transfer assembly (UCTA) through the spacesuit urine
transfer QD, proceed as follows. Connect the UTS or urine receptacle to
tke hose, and the hose to the panel QD. Then connect the hose spacesuit
urine QD to the spacesuit urine transfer QD. Position the OVBD DRAIN
valve to DUMP. The hose internal pressure is then zero and the spacesuit
pressure of 5 psi compresses the UCTA bladder, forcing the urine into the
urine hose and overboard dump line. When the bladder has been emptied,
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open the UTS or urine receptacle valve for approximately a minute to purge
the urine hose and line. After closing the UTS or urine receptacle valve,
disconnect the urine hose from the spacesuit and UTS or urine receptacle
and stow.

Draining the UCTA After Removal From Spacesuit. It is difficult to
drain the UCTA while it is attached to a stowed spacesuit. Therefore,
remove the UCTA from the suit by verifying the rollon is clamped aad
disconnecting the UCTA QD. Tke urine hose to UCTA adapter is a small
tube with a urine hose QD on one ~and a UCTA QD on the other. (The
UCTA adapter is attached to the 1 .ne hose for mission stowage by a
strap.) Connect the adapter to tL.: UCTA and the hose spacesuit urine QD.
Attach the UTS or urine receptacle assembly to the urine hose, and open
the OVBD DRAIN valve and the UTS or receptacle valve. Gas will now
flow through the urine hose. Gently compress the UCTA to force urine into
the urine hose. When the UCTA is empty, allow 60 seconds purge before
closing the UTS or receptacle valve and OVBD DRAIN valve. Disconnect
the UCTA from the adapter and attach to the spacesuit.

Auxiliary Dump System (Figure 2.12-43). An alternate method of
dumping urine is through the auxiliary dump nozzle in the side hatch.
Before launch, the nitrogen purge fitting in the hatch is replaced with an
auxiliary urine dump nozzle. The nozzle body passes through the hatch,
protrudes slightly inside the hatch and has a pressure plug, electrical con-
nector, and a stowage cover. To prepare for use, remove the auxiliar:
dump nozzle stowage cover with tool E (small tip). Carefully pull the wires
with the connector from inside the stowage cover. Remove the wires from
the slot enough to allow clearance for installation of the auxiliary dump
nozzle QD. With tool E (small tip) remove the pressure plug (about 20 inch-
pounds) and retain. Crew compartment oxygen begins flowing through the
dump nozzle. Immediately install the auxiliary dump nozzle QD and hand
tighten. Stow the pressure piug and connect the auxiliary dump nozzle
power cable to the nozzle connector and to a utility connector on panels 15
or 16. Turn the UTILITY switch to POWER, applying 28 vdc to the two
5.7-watt heaters in the auxiliary dump nozzle. Allow 5 to 10 minutes for
the nozzle co warm. The UTS can be dumped by connecting a urine filter
to the UTS QD and then attaching it directly to the auxiliary dump nozzle
QD. The 5-psi differential pressure will force urine from the UTS bag and
overboard through the heated nozzle. When the UTS bag is empty, open the
UTS valve for 10 to 20 seconds to purge.

Urination and simultaneous dumping through the auxiliary dump
nozzle can be accomplished by connecting the urine hose with filter to the
UTS or urine receptacle assembly and the auxiliary urine dump nozzle QD.
Apply the rollon or diaphragm to the penis, open the UTS or receptacle
valve, and urinate. When completed, remove the penis and allow a 10- to
20-second purge before closing the UTS or receptacle valve.

CREW PERSONAL EQUIPMENT
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2.12.6.3.3

Fecal Subsystem (Figure 2.12-41).

The fecal subsystem consiets of a fecal collection assembly, tissue
dispensers, stowage compartment, and a waste stowage compartment.

The fecal collection assembily contains a Gemini fecal bag and an
outer fecal emisis (FE) bag bound together with a plastic wrapper. The
Gemini fecal bag is a plastic sack with a flange at the opening and a finger
tube in the center. The flange has a surface of stomasgeal tape for adhering
to the skin. There is a pocket on the outside of the lower end in which is
stowed a wet cleansing cloth and a germicide pouch. The outer FE bag is
used for stowage of the used fecal bags and is transparent. It has internal
and external seals at its mouth which makes it capable of containing a
differential 5-psi internal gas pressure.

The tissue dispensers contain tissue (Kleenex) for wiping, are
approximately 8 x 4 x 3 inches, and weigh approximztelv a half pound
a piece, Theyare stowed in an aft bulkhead locker, and one dispenser is
attached to the back of the center couch footpan 85 it will be available for
use.

The fecal collection assemblies are stowed in the RHIEB R 10 com-
pariment in the aft stowage box. The stowage box is fiberglass and has an
end door for greater accessibility.

The entry to the waste stowage compartment is through the door R 9
in the RHIEB. This compartment has a capacity of 1600 cubic inches and
is part of the Waste Stowage Vent System.

Operation. Retrieve a fecal collection assembly from stowage.
rer:ove the wrapper, obtain the Gemini fecal bag, and remove protector
strips covering the stomaseal on the flanges. Preus the flange to the
buttocks and defecate. The finger taube may be used to dislodge any feces
adhering to the buttocks. When finished, remove the fecal bag, wipe with
tissue, clean with a wet cleansing cloth, remove germicide pouch outer
cover and place in the fecal bag. Gently force gas out of the bag, seal the
flange opening, locate and rupture the germicide pouch by squeesing.
Place the used Gemini fecal bag into the outer FE bag, remove the pro-
tective strip from th= inner stomaseal surface, press gas from the FE bag
and seal. Remove the protcctive strips from the outer stomaseal surfacss,
fold, ssal, and knead thoroughly uutil the bive germicide permeates the
feces. Roll into the smallest volunae and place in the waste stowage com-
partment. A split membrane ir.ide the WASTE DISPOSA' dour will
pPrevent the fecal bags from "floating" back through the door opening when
released.

Miession
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2.12.6.3.4 Waste Stowage Vent System (Figure 2.12-44).

In the event that several fecal bags rupture during the mission, the
waste sto'vage compartment could emit fecal odors. A bladder has been
placed in the compartment with an overboard vent system consisting of a
215 micron filter, check-relief valve, and a vvent valve to the urine over-
board dump line.

During boost the waste stowage vent valve is open to purge nitrogen
from the crew compartment. However, the crew compartment pressure
decreases faster than the waste stowage compartment and at a differential
pressure of 2 psi, the check valve vents into the crew compirtment.
During the missica, after the vent valve has been closed, if ruptured fecal
bags create an overpressure of 2 psi, the check valve vents, the crew will
smell fecal odor and can momentarily turn the waste stowage vent valve to
VENT, venting the odor overboard at periodic intervals. Each entry of a

OMBACERISNCS

< STON COMP OWRPRESS VONTD WD
O Cow

- COEW CONW OVERPRESS VDD 1509

Figure 2.12-44. Waste Stowage Vent System
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fresh fecal bag into the waste stowage compartment would be preceded by
an overboard vent action. The waste stowage door forms a pressure seal
when 'closed.'" During entry, the crew compartment pressure increases
faster than the stowage compartment. A small poppet valve that opens
from 0.072 to 0.1 psi is in the waste atowage door and allows the pressure
to bleed into the waste stowage compartment.

2.12.6.3.5 Vacuum QD (Cabin Vent QD).

In the event waste liquids escape and pool on the aft bulkhead, they
can be '"'vacuumed'' and dumped overboard by use of the vacuum QD and the
waste management system. The vacuum QD (V36-612547-11), also called
""cabin purge QD,'" is a 215-micron (0.0086 inch) filter witl. a QD and
9J degree elbow. The QD will mate to the urine hose.

To vacuum liquid, attach vacuum QD to the urine hose, open WMS
OVBD DRAIN valve (panel 251) and use as vacuum cleaner.

The vacuum QD will be stowed when not in use.

2.12.6.4 Personal Hygiens (Figure 2.12-45).

Personal hygiene items consiat of an oral hygiene assembly, utility
towels, and wet and dry cleansing cloths.

Vigers d.id-45. Pereemsi Hygione iteme

CREW PERSONAL EQUIPMENT

Misolon . _Besic Date 18 April 1969 Caare- Date Page.___2:12-92




SM2A-03-BLOCK II-(1)
APCLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.12.6.4.1

2.12.6.4.2

2.12.6.4.3

2.12.6.4.4

Misston

Oral Hygiene Set - Cleansing of Teeth.

The maintenance of oral health in space flight requires aids which
will cleanse the raouth of food debris and bacterial plagues. These aids
will be provided each crewmember on an individual basis according to nis
needs. The oral hygiene set consists of a toothbrush and consumable tooth-
paste or ingestible gum. The required set will be stored in the first day's
food stowage compartment Bl, to be used for the entire mission.

Wet Cleansing Cloth.

Wet cleansing cloths will be used for postmeal and postdefecation
hygiene. The cloths are 4 by 4 inches, folded into a 2-inch square and
sealed in plastic. They are saturated with a germicide and water.

The cioths for postmeal cleansing are stored, along with the dry
cleansing cloth, in the food containers for easy accessibility. The post-
defecation cloths are part of the fecal collection assembly.

Dry Cleansing Cloth.

The dry cleansing cloths will be alternated with the wet cleansing
cloths for postmeal cleanup. They are the same size and texture; how-
ever, they do not contain water and a germicide. They are also packaged
with the food.

The wet and dry cleansing cloths will be placed in the food packages
and be part of the '"Food Set. "

Utility Towels.

The towels are used for uwlity -leanup and use. They are 12 x 12
inches and similar to a washcloth, 1is1ile, and packaged in plastic con-
tainers. The containers have Velcro patches and stow in an aft buikhead
locker.

CHEW PERSONAL EQUIPMENT
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2.12.7.1.1

2.12.7.1.2

MEDICAL SUPPLIES AND EQUIPMENT.

The medical equipment is used to monitor current physiological
condition of the crewmen, and to furnish medical supplies for treatment
of crewmen in-flight medical emergencies.

The imedical equipment is subdivided into two functional types:
monitoring equipment and emergency medical equipment. The monitoring
equipment consists of personal biomedical sensors assembly and a bio-
medical signal conditioner instrument assembly. The emergency medical
equipment is in the medical accessories kit. This kit also contains spares
for the bioinstrumentation equipment and harnesses.

Bioinstrumentation Harness Assembly (Figure 2.12-46).

The current physical condition is of great importance to the mission
monitoring flight surgeon. The heartbeat, by electrocardiograph (ECG)
and the respiration, via impedance pneumograph (ZP), are monitored
continually throughout the mission. The ECG and ZP are telemetered
continuously for all three crewmen simultaneously.

The bioinstrumentation harncss is the crewman's personal harness
consistirg of a sensors assemblv and signal conditioner assembllics.

Personal Biomedical Sensors Instrument Assembly.

The personal biomedical sensors instrument assembly consists of
four or more electrodes (silver chloride), signal wire, and accessories,
such as paste and application tape.

The sensors (electrodes) are attached to the body of the astronaut,
using paste and tape, at areas of sparse muscles (to reduce artifact level),
and remain throughout the mission. The sensor assembly consists of two
harnesses, a sternal harness attachcd to the breastbone and an axillary
harness attached to ribs near the armpits. The harnesses terminate in
connectors that attach to the signal conditioners.

Biomedical Signal Conditioner Assembly.

Because of their weak signal level, the sensor signals have <o be
amplified before being telemetered. Thus function is performed by the
signal conditioners.

The signal conditioners are 2.3 x 0.46 x 1.5 inches and weigh about

55 grams. They cpercte through a signal range of plus to minus 5 volts
and are powered by a dc-to-dc converter which requires 16.8 vdc. This

CREVW PERSONAL EQUIPMENT
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Figure 2.12-46. Bioinstrumentation Harness

input power is supglied through the SUIT POWER switch on each of the
audio control panels (MDC 6, 9, 10). There are two signal conditioners
(ECG and ZP) and the dc to dc converter.

The signa) conditionurs f{it into pockets in the biocinstrumentation
belt which snaps on the CWG at the stoinach. Wire leads connect to the
sensors, which act as an electrode for the TG and ZP conditioners. The
difference of resistance between two electrodes is measured. Muscle
activity (breathing) changes the skin resistance and this change is
amplified and transmitted to the telemetry system. Each signal condi-
tioner has an .utput connector thai attaches to the harness leading to the
CWG adapter or spacesuit harness.
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'2.12.7.1.3 Bioinatrumentation Accessories or Spares.

Spares will be located in the medical accessories kit. The kit has
spare electrodes, micropore discs, electrolyte paste, stomaseal disks,
and a sternal and axillary harness,

2.12,7.2 Medical Accessories Kit (Figure 2.12-47).

The medical supplies are oral drugs, injectable drugs, dressings,

topical agents, and eyedrops. The contents of the medical kit are as
follows:

e Oral Drugs and Pills e Eye Drops
Pain capsules
Stimulant e Nasal Emollient
Antibiotic
Motion sickness e Sternal harness
Diarrhca

Decongestant e Axillary harness
Aspirin

e Electrode Assemblies
e Injectable Drugs

Pain injectors e Thermometer
Motion sickness injectors

e Ph paper
e Dressings
Compress bandage e UCTA rollons
Band-Aids

e Topical Agents
Skin cream
Antibiotic ointment

The kit is contained in a beta cloth bag with a cloth closure. Inside
are leaves with pockets and pouches in which the contents are stowed.
The medical accessories kit is stowed in the RHIEB in compartment R8.

In the event the astronauts have to evacuate the command module

during the recovery phase, the medical kit will be removed from stowage
and carried overboard into the liferafts.
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MED ICAL ACCESSORIES KIT
SEd 42100082-202
<205 1S SIMILAR

CONTENTS:
PAIN INJECTORS
MOTION SICKNESS INJECTORS
COMPRESS
BAND AIDS
SKIN CREAM
ANTIBIOTIC OINTMENT
CYEDROPS
PAINPILLS
STIMULANT PILLS
ANTIBIOTIC PiLLS
MOTION SICKNESS PILLS
DIARRHEA PILLS
DECONGESTANT PILLS
ASPIRIN
A FCTRODES
ELECTRODE PASTE
MICROPORE DISCS

. STOMASEAL DISCS

: THERMOMETER

4 PH TEST PAPER
UCTA ROLL-ON CUFFS

CS-650
Figure 2.12-47, riedical Accessories Kit

m

CREW PERSONAL EQUIPMENT

Miession Basic Date 13 April ) Change Deate

p‘.. 2012'97




122-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.12.8

2.12.8.1

Mission

RADIATION MONITORING AND MEASURING EQUIPMENT
(Figure 2.12-48). :

The system devices that measure the radiation accumulated dose
received by the crew are the passive dosimeters and the personal
radiaticn dosimeters, while the Van Allen Belt desimeter and the radiation
survey meter monitor the ambient strength of the radiation field. In
addition, the nuclear particle detection system measures the particle flux
of the radiaticn field.

Passive Dosimeters.

Four passive dosimeters (film packs) are worn by each crewman
in form film packs which are processed in the laboratory after recovery
to determine total dosage received. The dosimeters are located inside
the communication hat by the temple and in CWG pockets on the chest, the
thigh, and the ankle. When C'WGs are changed, the film packs must be
reg;actively switched (figure 2.12-48).

P |l

PERSONAL
DOS IMETER
i
®
' ’ RADIATION
SURVEY
PASSIVE DOSIMETER METER
(FILM PACK) (102 & SUBS)

CS-66018

Figure 2.12-48. Radiation Monitoring and Measuring Equipment
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2.12.8.2 Personal Radiation Dosimeter (PRD),

Each crewman will wear one personal radiation dosimete~ which is
battery-powered and the size of a package of cigarettes. The PRDs
register readout indicates the accumulatec dosage received by the crew-
man during the mission. The PRD is worn on the PGA or flight coveralls
at all times.

2.12.8.3 Radiation Survey Meter (RSM).

The radiation survey meter is used to determine the magnitude of
the immediate radiation field. It is a flashlight-like, self-contained unit
about 10 inches long and 2 inches in diameter. The RSM has an ON-OFF
switch, direct readout dial calibrated in rads /hr, and is battery
operated.

) The RSM is clamped in a bracket mounted on the G&N signal condi-
tioning panel,

2,12.8.4 Van Allen Belt Dosumeter (VABD).

The Van Allen Belt dosimeter is designed to measure dose rates to
the skin and to blood-forming organs (depth dose measurement) in the
command module. The VABD consists of two individual dosimeters
(skin and depth), which have ionization chambers as sensors. The d-c
voitage outputs of the VABD are teilemetered to ground real time, and
these voltage outputs are calibrated to dose rates (rads/hr). '

The VABD is mounted in the command module on the girth ring
between longeror #4 and the hatch.

2.12.8.5 Nuclear Particle Detection System (NP DS).

The NPDS measures proton a:d alpha particle rates in seven differ-
ential energy bands and one integral energy band (8 channels: 4 proton,
3 alpha, and 1 integral proton). The instrument consists of a detector
assembly (DA), in the form of a telescope arrangement, and a signal
analyzer assembly (SA), The pulse rate from the DA at which particles
enter the various energy intervals are converted to d-c voltage levels by
ratemeters in the SA; the outpuits of the ratemeters are then telemetered
to ground,

The NPDS is located in the adapter section between the command
module and the service module,
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2.12.9 POSTLANDING RECOVERY AIDS.

The pustlanding recovery of the crew and CM may last 48 hours.
The recovery aids will assist the crew in signaling the recovery forces
and survival.

2.12.9,1 Postlandin_g Ventilation (PLV) Ducts (Figure 2.12-49).

Shortly after landing, the POST LDG VENT VALVE UNLOCK
handle in the upper center of MDC-2 is pulled, unlocking the PLV valves
on the forward bulkhead. Then the POSTLANDING - VENT HIGH switch
on MDC-15 is positioned to VENT HIGH, forcing air into the CM cabin.
The PLV ducts are ".nstowed and distributed. The crew installs the PLV
ducts on the PLV manifold. Each crewmember places a head strap around
the back of his head, and lies in his couch. The PLV ducts wire«t the flow
of incoming air to the crewmen. The righte= and center-couch crewmen use
the short ducts and the left-couch crewman uses the long duct.

The ducts are 3.25 inches in diameter, 15 inches or 35 inches long,
and are made of cloth with stiffeners every 5 inches. One end has a head
strap and the other end an internal circumferent.i:! strip of Velcro for
attaching to the PLV manifold. The ducts compress, accordian style, into
small volumes that are stowed easily.

HEAD STRAP” STOWAGE CONTAINER

cs-nos (D)

Figure 2.12-49. Postlanding Ventilation Ducts
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2.12.9,2

2. lz. 9. 3

Mission

S i m
Swimmer Umbilical and Dye Marker (Figure 2.12-50).

For daylight visual acquisition during the recovery phase, dye
marker is deployed. The CM equipment consists of a dye marker and
swimmer umbilical deployment mechanism located on the forward bulk-
head and a power control.

The swimmer umbilical and dye marker is spring-loaded and held
by 4 hot wire actuator pin. When the crew determines that the dye marker
is required, the DYE MARKER switch is activated to the DYE MARKER
position. The POSTLANDING switches are located on MDC-15., The DYE
MARKER switch is the center switch of the three POST LANDING switches.
The circuit breaker is on MDC-8 and marked FLOAT BAG - 3 - FLT/PL.
The current melts the actuator hot wire, retracting the pin and relessiag
the dye marker umbilical. It falla in the sea on the end of the 12-{cot
swimmer umbilical; the dye colors 1000 square fset of 7ea for 12 hours.
When the pararescue personnel arrive, they uncap the swimmer umullical
and plug in a jack, connecting their headset-microphone to the audio center
intercomm system, allowing them to communicate with the crew.

Recovery Beacon (Figure 2.12-51),

In the event that crew and CM recovery are not effected during
daylight, there is a visual acquisition method for night operations. The
CM equipment consists of a flashing light (or beacon) located near the
tunnel that is turned on by the crew when needed.

Deployment of the beacon begins when the main parachute depioys.
A lanyard, attached to the main chute risers, actuates two reefing line
Cutters that sever a cord holding the recovery beacon arm in the stowed

position. A spring rotates the arm in an upright (deployed) positiza and
a latch locks it in place.

The CM has a dual mode recovery beacon and the d-c powir source
is the SC flight and postlanding bus. The POSTLANDING switches are

located on MDC-15. Its circuit breaker is labeled FLOAT BAG 3 FLT/PL
and located on MDC-8.

For CM visual acquisition, the BCN LT switch is placed in the 1.0
position. The beacon will flash with a high intensity once every 4 seconds

or 15 flashes per minute (FPM). In the low (LO) mode, the operating
time is two 12-hour periods.

When the pararescue team is ready for deployment the request for
the high rate will be made. The BCN LT switch is then placed in the HIl
position. The beacon will flash with a low intensity twice every second
or 120 FPM. In the high (HI) mode, the operating time is 4 hours.

e ——
CREW PERSONAL EQUIPMENT

Basic Date 13 April 1969 Change Date Page___2:12-101




SM2A-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

a8aupy 8iQg pue (eNNIQU)) Jwunag °0-21°2 sanfiy

CREW PERSONAL EQUIPMENT

‘o“' "‘

Baeic Date }§




SM2IA-03-BLOCK 11-(1)
APOLLO OPERATIONS MANDBOOK

SYSTEMS DATA

2.12.9.4

Figure 2.12-51. Recovery Beacoa
Seagging Line (Figure 2.12-52).

In the event the CM lands beyond the recovery force helicopter
range, & recovery aircraft will drop a sea anchor device, comnsisting of
twe 002 anchore at the ends of a 600-(loct floating lins. The crew will
deploy & saagging line hook through the side hatch presoure equalisstion
valve port after removing the valve. The snagging line s restrained by
& plate bokied to the port. As the CM drifie over the sea ancher ling. the
snagging line hook snags the line, and the CM drift speed 1o hen retarded.
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Figure 2.12-52. Samagginz Line




SM2A-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA
L ]

2.12.9.9% a‘i WC.V.frlr‘“mp (r“\lr‘ 2.12- ’,’-

The sea water pump is used [(or pumping salt water into the CM for
desalting and drinking in the event the CM drinking water system is
inoperable after landing and the survival hot water has been depleted. The
sea water pump is stowed in a beta cloth container in a locker on the aft
bulkhead.

The sea water pump consiste of an intake hose, s guide fitting, »
bellows pump with one way vaives, and a diecharge hose.

To operate, retrieve the steam vent iine sea water pump {rom
stowage. Access to the sea water access plug is through a panel ia the
LHEB. Tool E will remove the pan.l. With too! B, insert into hex plug,
torque CCW breaking the safety wire and remove plug. Insert ses water
pump hose immadiately (as sea water may be in the steam vent line) and
screw the guide fitting into the boss as tight as posesible with the fingers.
To feed the intake hose through the fitting, unscrew the teflon guide plug.
When the hose is in the sea water outside the CM, tighten the teflon guide
plug. Obtain a desalting kit from the survival kit, operate the bellows
pump by hand and fill the kit bag.

2.12.9.6  Survival Kit (Figure 2.12-54).

The survival kits function is to provide the equipment necessary for
48-hour crew survival in the water afier landing. There are some items
that can be used inside the CM such as the water and desalter kits.

The survival kit {s stowed in the RHFEB structure in two rucksacks.
To remove, ~pen the SURVIVAL KITS door and pull the rucksacks in-
board. The iucksacks will have an interconnecting mocring lanyard, and
& maa-line lanyard.

z. ll. ’o ‘o l M..ck !o

The rucksacks are cloth bags with a sipper for opening, and 3 strap
for handling. Rucksack ! contains the following equipment.

Beacon Transceiver. The UHF beacon/transceiver is a hand-held,
battery-powered radio, fixed-tuned to a VHF frequency of 243 mc and
manufactured by Sperry Phoenix Company. The radio consiste of a
receiver-transmitter assembly, a battery pack assembly, and quarterwave
antenna. The recelver-tranemitter and battery pack assemblies mats to
form a water-tight unit measuring 8 by 4-1/2 by 3 inches. The antenna is
an 11-1/2-inch-long tapered flexible steel tape, terminating in s coaxial
RF connector, and is normally stored in a retaining spool and clipped on
top of the radio unit.

“
CREW PERSONAL EQUIPMENT

Mission Page___2:12-108

Basic Date 13 April 1969 cpange Date




SM2A-03-BLOCK U-(1)
APOLLO OPERATIONS 1'ANDBOOK

SYSTEMS DATA

Figure 2.12-33. Sea Water Pump

The radio is capable of line-of-1ight operation in either of two modes
(beacon or voice) through use of either itc own antenna or a saitably
connected remots antenna. The transrritter output is protected against
damage, while operating, due to accidenial shorting of the antenna or sub-
mergence of the unit in salt water. In the deacon mode, the transmitter
operates unattended for periods up to 24 hours, to transmit an interrupted
1000 cps tone, amplitude-modulated 25 percent on the 243-mc RF carrier.
In the voice mode, the radio providees two-way AM voice communication

through use of an integral speaker-microphone and PUSH-TO-TALK
switch.

A spare battery and spacecraft counector cable is alsa included.

M
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Figure 2.12-54. Survivsl Kit

Survival Light Assemblies. The survival light is a three-units-in-

one device as it contains three compartments. The whole device is water-
prool. The controls for the lights are on the bottom.

This firet unit is a flashlight. The second unit is a strobe light for
night signaling. The third unit is a waterprool compartment containing a
fish hook and line, a sparky kit (striker and pith balls), needle and thread,

and whistle. The top of the unit is a compass. On one side is a folding
signal mirror.

Desalter Kits. The desalter kits contain a desalter process bag,
desalter tablets, and bag repair tape. The desalter bags are plastic with
a filter at the bottom. Approximately one pint of water is put into a bag

and one tablet added. After one hour, drinking water may be taken through
a valve on the bottom of the bag.

Machetes. The two machetes are protected with a cloth sheath. The
knives are very ihin with rasor edges. The back edge is a saw.

Sungiasses. For protection of the eyes against the sun and glare,
three c%un are included. They are a polarised plastic sheet with
Sierra Coat I, a gold coating that reflocts heat and radio waves.

e
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Water Cans. For drinking water there are three aluminum ~ans,
with drinking valve, each containing approximately 5 pounds of water.

gun Lotion. Two containers of sun lotion are for protection of the
skin.

2.12.9.6.2 Ruckesack 2.

Rucksack 2 contains the flotation gear in the form of a three-man
life raft with an inflation assembly and CO2 cylinder. In addition, it

contains a sea anchor, dye marker, lanyards, and a sunbonnet for each
crewman,

2.12.10 EQUIPMENT STOWAGE.

The numerous activities of the crew make housekeeping very

necessary. All equipment must be stowed at launch and entry, and
provisions must be made to restrain loose equipment during the mission.

Patches of Velcro hook are conveniently located on the CM interior
structure for stowage of 100se equipment, which will also have patches of

Velcro pile. Mechanical {asteners (snaps, straps, etc.) will also be used
for missica restraint.

Movable or loose equip:nent is stowed in cumpartments and lockers
located in the equipment bays, on the crew couch, on the aft bulkhead, or
sidewalls. The compartments have load bearing doors, internal foam
blocks, or boxes to hold and position equipment. On the aft bulkhead,
rigid aluminum boxes or reinforced bags are provided for stowage.

Each spacecraft is stowed in accordance with its field installation
stowage drawing. Stowage differs from spacecraft to spacecraft because
of mission requirements and crew desires.
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UPPER EQUIPMENT BAY FORWARD WEBF)
SCHNTIMIC/ILICT DISCOMMNICT PANIL 2D

VIEW LOOKING AFT & OUTBOARD
AFT LKHD, UPFER & LN SQILAP BAYS




LEFT HAND FORWARD
EQUIPMENT BAY (LHFEB)

COMM CABLE CONNECTORS
£CS O3 HOSE CONNECTORS
FOOD PAEPARATION WATER UNIT

TIMER PANEL 208

OO
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LOOKING AFT & OUTBOARD
BLKND, UPPER & LI EQUAP BAYS

LEFT HAND INTERMED IATE
EQUIPMENT BAY (LHEB)

CREW OPTICAL ALIGNMENT SIGHT
CABIN PRESS AkUIEF CONTROL PANEL 225
€CS O2 & GLYCOL CONTROL PANEL 328
L3 STOWAGE COMPARTMENT

LEFT HAND
EQUIPMENT BAY (LHEB)

O2 SURGE TANK PRESS RELIEF

©O2 DEMAND REG VALVE PANEL 300

PLVC CONTROL PANEL 776

LEFT HAND ATTENUATOR PANE! S

ECS PILTER ACCESS PANEL 3%

OXYGEN CONTROL PANEL 351

SEAWATER PLUG ACCESS PANEL

W/G ACCUM Fiii CONTROL PANEL 379
COOLANT CONTROL PANEL 302

GLYCOL TO RADIATOR CONTROL PANEL 377

W/G ACCUM ISOLATION CONTROL PANEL 78

WATER CONTROL PANEL 352

Figure 1-26. CM Internal Configuration (Sheet 1 of 2)
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G&N CONTROL PANEL 122
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82 STOWAGE COMPARTMENT (MED KIT)

83 STOWAGE COMPARTMENT (CAMERA EQUIP)
84 STOWAGE COMPARTMENT (CHLORINE EQUIP)
85 STOWAGE COMPARTMENT (CO2 ABSORBERS)
86 STOWAGE COMPARTMENT (CO2 ABSORBERS)
87 STOWAGE COMPARTMENT

ACCESS PANEL FOR VHF TRIPLEXER
88 STOWAGE COMPARTMENT (CAMERA EQUIP)

AFT BULKHEAD (AB)

FIRE EXTINGUISHER

A3 STOWAGE LOCKER \
AA STOWAGE LOCKER

AS STOWAGE LOCKER

Ab STOWAGE LOCKER
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ELECTRICAL CABLEWAY = T s =
AC STOWAGE LOCKER T

VIEW-LOOKING AFT & OU
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RIGHT HAND FORWARD
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PEREOO®OO®OL

OIO0[0]0/0/0.0,

R STOWAGE COMPARTMENT
R2 STOWAGE COMPARTMENT
R3 STOWAGE COMPARTMENT
P4 STOWAGE COMPARTMENT

RIGHT HAND INTERMEDIATE
EQUIPMENT BAY (RHIEB)

R5 STOWAGE COMPARTMENT

AUX CIRCUIT BKR PANEL "A" 225

R6 STOWAGE COMPARTMENT

AUX CIRCUIT BKR PANEL “3" 226

R8 STOWAGE COMPARTMENT

R9 STOWAGE COMPARTMENT (WMS)
R10 STOWAGE COMPARTMENT
CIRCUIT BKR PANEL 229

MAIN DISPLAY CONSOLE 4

MAIN DISPLAY CCNSOLE 5

RIGHT HAND
EQUIPMENT BAY (RHEB)

BATTERY CIRCUIT BKR PANEL 250
POWER CIRCUIT BKR PANEL 275
POWER CIRCUIT BKR PANEL 276
UPRIGHTING SYS PANEL 278
WASTE MGMT SYS PANEL 251
BATTERY VENT PANEL 252
RIGHT ANTENNUATOR PANELS
R13 STONAGE COMPARTMENT

SM-2A-2032

Figure 1-26. CM Internal Configuration (Sheet 2 of 2)
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Figure 1-27. CM Interior, MDC and Couches
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