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(A) Litton Mark 1
Vacuum Tube
Development
Suit (1957)
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(B) “Capsule Suit” |
Concepts, Republic/f |
Aviation’s Shown /J/
(1960)
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(A) ILC SPD-143 Training Suits (10/62-9/63
(a) With EVA Mockups (b and c) Rear & Front Views

(C) ILC SPD-117
With Mockup
EVA Accessories
4 (1960)
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(D) ILC AX1L B

Competition 7 ! v f

Suit (3/62) 3 e
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} (B) ILC AXiH Suit & First HS PLSS “Backpack” (8/63) (C) ILC AX2H Second-Design (D) ILC Original AX3H
Suits (9/63 & 10/63) Configuration (2/64)

Moon suit concepts early 1960s G i
Initial Apollo Program Spacesuit Development



Initial Apollo Development Suits
1963-64

(A) ILC SPD-143 Training Suits (10/62-9/63
(a) With EVA Mockups (b and c) Rear & Front Views

~ — ~
(B) ILC AXiH Suit & First HS PLSS "Backpack” (8/63) (C) ILC AX2H Second-Design (D) ILC Original AX3F
(a) EVA System (b) IVA System Suits (9/63 & 10/63) Configuration (2/64)




(A) Lunar Module Crew EMU System (B) Command Module Pilot EMU System
(a) EVA System (b) IVA Level (a) EVA System (b) IVA System

Apollo 11-13 EMU Configurations




A7Lb used on Apollo 15-17
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(A) Lunar Module Crew EMU System
(a) EVA System (b) IVA Level

(¢ & d) Without Covers (rear & front)



A7L Suit
with outer




Fiber glass helmet

Life support backpack

On moon's surface, backpack
will give astronaut oxygen, body
comfort and communications.

Thin nylon layer

Air cooling duct

Nylon fabric with Tri-loc
“hair curler' fillers

Pressurization layer

Heavy, tight-weave,
neoprene-coated nylon bladder

Outer restraint layer
Nylon—aluminized on the exterior

Water-cooled long-johns
Backpack pumps cool water
through plastic tubes sewn to
undergarment. Water cooling
removes body heat 70 per cent
faster than air cooling.

Outer thermal garment
Fourteen layers of lighter nylon
and aluminum-coated Mylar. On
the moon, this outergarment will

cover the entire suit and backpack.

1965 Apollo Moon Suit



DuPont materials in Apollo moon suits were
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Apollo A7L Materials

Layer* Material Function

Extravehicular (EV) Suit
(rear entry zipper)

1 Teflon cloth Abrasion/flame resistance

2 Beta cloth (Teflon-coated silica fiber) Fire protection (non-flammable in
oxygen atmosphere)

3.5 Aluminized gridded Kapton Reflective insulation

4.6 Beta marquisette (Teflon-coated silica ~ Spacer between reflective surfaces

fiber, laminated to Kapton)

7,9,11,13,15  Aluminized Mylar Reflective insulation

8,10,12,14 Nonwoven Dacron Spacer

16 Neoprene-coated nylon Inner liner

17 Nylon Restraint layer for pressurized bladder

18 Neoprene-coated nylon Bladder material serving as an
impermeable layer containing suit-
pressurization oxygen

19 Neoprene convolute Pressure-retaining flexible joints

20 Knit jersey laminate Abrasion protection

21 Lightweight Nomex cloth Comfort

Liquid Cooling Garment (LCG)

22 Nylon spandex Holds tubing close to skin

23 Vinyl tubing Water distribution for cooling

24 Porous lightweight nylon Comfort

Intravehicular (IV) Suit

1 Teflon-coated Beta cloth Fire protection (non-flammable in
oxygen atmosphere)

2 Nomex cloth Snag/ fire protection

3 Nylon Restraint layer for pressurized bladder

4 Neoprene-coated nylon Bladder material serving as an
impermeable layer containing suit-
pressurization oxygen

S Lightweight Nomex cloth Comfort

Constant Wear Garment (CWG)
1 Cotton Comfort

*Materials are listed from outside to inside.




BACKPACK SUPPORT STRAPS

i LUNAR EXTRAVEHICULAR VISOR
OXYGEN PURGE SYSTEM ‘

BACKPACK CONTROL BOX
SUNGLASSES
POCKET
OXYGEN PURGE
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As flown on Apollo 11-14

APOLLO EXTRAVEHICULAR MOBILITY UNIT
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A7Lb Asflown on Apollo 15-17



(F) Wristlet

.| <
~ J
PSS R ¥
i ; L
ey . y
] $ -
# i Pl __0:,/‘\,’

Med Belt  (B) UCTA (C) FCS

(A) Bio-

(D) CWG (CMP only) (B) LCG (LM crew only)

(M) Lunar (Over-) -‘ . il b ek Be
Boots (N) EV Glove (P) A9-10 LEVA (Q) A11-13 LEVA (R) A14-17 LEVA

Components of the Apollo EMU System




Neil Armstrong’s spacesuit
photographed prior to flight
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Specification Requirements for the Apollo Lunar Surface EMU Portable Life Support System

Duration (maximum)

Metabolic rate:
Average (3 hours)
Average (4 hours)
Average (6 hours)
Peak

Total useful heat removal capability

Gas flow rate
Liquid flow rate
Weight

Overall dimensions

Power source: Battery

Expendables:
O, storage pressure
O, storage quantity (recharge)
Water storage quantity (recharge)
LiOH quantity
Contaminant control cartridge wt

4 hours

1,600 Btu/hr (403 kcal/hr)
[,200 Btu/hr (302 kcal/hr)

930 Btu/hr (234 kcal/hr)

2.000 + Btu/hr (504 + kcal/hr)
5.550 Btu (1,399 kcal)

6 CFM 170 litres/min)

41b (1.8 kg) per minute

501b (22.7 kg)

8.4 x 16.6 x 27.21n.

(213 x 422 x 691 mm)

33 watlts, rechargeable silver-zinc

85() psi §7 8 a-llm)




Table 6.7.1. Lunar Module crew extravehicular suit materials.

_ e v

Material Function

_ e

Teflon-coated yarn Beta fiberglass fabric Fire protection (completely flammable in
oxygen atmosphere)

Aluminized Kapton/Beta marquisette Aluminized Kapton for reflective insulation.

(super-insulation) Beta fiberglass serves as spacer separating
reflective surfaces.

Aluminized Mylar film Reflective insulation

Non en Dacron Spacer material

Neoprene-coated nylon Inner liner of the thermal outer garment

Nylon fabric Restraint (outer) layer of the pressure suit

Neoprene-coated nylon Bladder material serves as an impermeable
layer containing suit pressurization oxygen

Lightweight Nomex fabric Comfort liner

e —

le 6.7.2. Liquid-cooled garment materials.
_— e -
Material Function
-_ e s
Nylon Spandex Mesh Retains tubing close to skin
Polyvinyl chloride (PVC) tubing* Water distribution for cooling
Porous lightweight nylon Comfort layer
_—

* The PVC tubing in the Apollo liquid-cooling garments was a PVC that contained a plasticizer to make the tubing soft
enough to bend. While this worked well for the Apollo program, the plasticizer caused filter clogging in the Shuttle EMU
program and posed problems for long-term preservation of Apollo spacesuits and components as historical artifacts.

Table 6.7.3. Command Module Pilot’s suit materials.
- e
Material Function
—e ot W e T B Ry TR Y TR
Teflon-coated yarn Beta fiberglass fabric Fire protection (completely nonflammable in
oxygen atmosphere)

Nomex (high-temperature nylon) Snag and fire protection

Aluminized Kapton/Beta marquisctte Aluminized Kapton for reflective insulation.
(super-insulation) Beta fiberglass serves as spacer separating
reflective surfaces

Aluminized Mylar film Reflective insulation

Non-woven Dacron Spacer material

Neoprene-coated nylon Inner liner of the thermal outer garment

Nylon fabric Restraint (outer) layer of the pressure suit

Neoprene-coated nylon Bladder material serves as an impermeable
layer containing suit pressurization oxygen

tweight Nomex fabric Comfort liner

_—mmmm—m—m—m—m—m—m—m——m——
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Apollo Portable Life Support System(PLSS)
with outer cover removed

Oxygen Purge System (used for emergencies)

Radio/communications equipment

Primary oxygen system

Remote Control Unit




PLSS THERMAL COVER (ITEM 282)

PLSS HARD COVER
(ITEMm 281)

COp SENSCR AND
AMPLIFIER (ITEM 201)

CO2 SENSOR FLOW
RESTRICTOR (ITEM 246)

REMOTE CONTROL
UNIT (ITEM 289)

PLSS AUXILJARY
COVER ASSEMBLY

GAS SEPARATOR

ALARM CONTROL
MOOULE (ITEM 227)

ASSEMBLY (ITEM 268) . |
\ POWER SUPPLY AND
~ STRAP (ITEM 213) ;9

HASSELBLAD CAMERA
BSRACKET SHOWN

Apollo EMU PLSS Equipment




FIXTURE - SHIPPING
RESTRAINT (GS 1348))

L:-OH CARTRIDGE
ITEM 24)--20

OUTLET OXYGEN
CONNECTOR ITEM 243-2)

“=G INLET
NATER TEMP
SENSOR
ITEM 20%)

/‘ INLET OXYGEYN

; CONNECTOR

PGA ELICTMCAL/
AUXILIARY RESERVOIR

UMBILICAL (ITEM 223
AUXILIARY FEEOWATER
VENT CONNECTOR

RESERVOIR SHUTCFF
AND RELIEF VALVE ADAPTER

Apollo EMU PLSS Equipment



FRIMARY QXYGEN BOTTLE

! TTEM 271
F] YENTILATION FLOW

SENSOR (ITEM 2021
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ITEM 2511
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) r ! TTTEM 2411
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PRESSURE TRANSDUCER i # ; L =~ fa—— BACK FLOW
(TEM 203) 3 SHECH wALVE
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PRESSURE SWITCH

(ITEM 204) =S ; FEEOWATER RESERVOIR
; ASSEMBLY [ITEM 252}
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FEED WATER FILL
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CONNECTOR (ITEM 255} J_' COMMECTOR (ITEM 256)
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WATER DIFFERENTIAL
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{ITEM 216}

Apollo EMU PLSS Equipment




OPS Pressure Gage .

G35y OPS Actuating Cable ==
| (stowed position) l
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PUMP SWITCH
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by
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VOLUME CONTROL
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,«?\}\

OXYGEN QUANTITY " \
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X
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FAN SWITCH ACU PANEL LIGHTING
ATEM 229! ITEM 200

Remote Control Unit
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APOLLO EXTRAVEHICULAR MOBILITY UNIT

SOSET RUEE PORTABLE LIFE SUPPORT SYSTEM :
SYSTEM j ANTENNA TO | COMMUNICATIONS
0::::::::::xxxxx:’:xxxxxxi
ANTENNA AND TELEMETRY SYSTEM ',
SYSTEM REMOTE |
CONTROL
BOX
FE= B
1

P A s asAsAbARsasaasessiiins
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Apollo Portable Life Support System Schematic




Pre-mission
Apollo 11 training
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A7Lb suit on last
lunar mission
Apollo 17

-~ Schmitt
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Renderings,
Apollo 15 trans-earth EVA




