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which provides protection against solar radiation
and space particles. The EVVA is held snug to the
PGA helmet by a tab-and-strap arrangement that
allows the visors to be rotated approximately 90°
up or down, as desired. An EVVA for each
astronaut is stowed on the floor at his station
during faunch. When the LM is occupied, the
EVVA’s are stowed in the PGA helmet bags
secured on the ascent engine cover.

PORTABLE LIFE SUPPORT SYSTEM

The PLSS is a self-contained, self-powered,
rechargeable environmental control system. In the
extravehicular configuration of the EMU, the
PLSS is worn on the astronaut’s back. The PLSS
supplies pressurized oxygen to the PGA, cleans
and cools the expired gas, circulates cool liquid in
the LCG through the liquid transport loop, trans-
mits astronaut biomedical data, and functions as
a duel VHF transceiver for communication.

The PLSS has a contoured fiberglass shell to fit
the back, and a thermal micrometeoroid pro-
tective cover. It has three control valves, and, on
a separate remote control unit, two control
switches, a volume control, and a five-position
switch for the dual VHF transceiver. The remote
control unit is set on the chest.

The PLSS attaches to the astronaut’s back, over
the ITMG; it is connected by a shoulder harness
assembly. When not in use, it is stowed on the
floor or in the left-hand midsection. To don the
PLSS, it is first hooked to the overhead attach-
ments in the left-hand midsection ceiling. The
astronaut backs against the pack, makes PGA and
harness connections, and unhooks the PLSS straps
from the overhead attachment.

The PLSS can operate for 4 hours, with a
maximum of 4,800 Btu, in space environment
before oxygen and feedwater must be replenished
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and the battery replaced. The basic systems and
loops of the PLSS are primary oxygen subsystem,
oxygen ventilation loop, feedwater loop, liquid
transport loop, and electrical system.

The space suit communicator {SSC) in the PLSS
provides primary and secondary duplex voice com-
munication and physiological and environmental
telemetry. All EMU data and voice must be relayed
through the LM and CM and transmitted to MSFN
via S-band. The VHF antenna is permanently
mounted on the oxygen purge system (OPS).
Two tone generators in the SSC generate audible
3- and 1.5-kHz warning tones to the communi-
cations cap receivers. The generators are
automatically turned on by high oxygen flow, low
vent flow, or low PGA pressure. Both tones are
readily distinguishable.
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PLSS REMOTE CONTROL UNIT

The PLSS remote control unit is a chest-
mounted instrumentation and control unit. It has
a fan switch, pump switch, SSC mode selector
switch, volume control, PLSS oxygen quantity
indicator, five status indicators, and an interface
for the OPS actuator.

OXYGEN PURGE SYSTEM

The OPS is a self-contained, independently
powered, high-pressure, nonrechargeable emer-
gency oxygen system that provides 30 minutes of
regulated purge flow. The OPS consists of two
interconnected  spherical high-pressure oxygen
bottles, an automatic temperature control
module, an oxygen pressure regulator assembly, a
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battery, an oxygen connector, and checkout
instrumentation. In the normal extravehicular
configuration, the OPS is mounted on top of the
PLSS and is used with PLSS systems during emer-
gency operations. In the contingency extra-
vehicular configuration, the OPS is attached to
the PGA front lower torso and functions inde-
pendently of the PLSS. The OPS has no com-
munications capability, but provides a hard
mount for the SSC VHF antenna. Two OPS's are
stowed in the LM.

UMBILICAL ASSEMBLY

The umbilical assembly consists of hoses and
connectors for securing the PGA to the ECS,
Communications Subsystem (CS), and Instru-
mentation Subsystem (IS). Separate oxygen and
electrical umbilicals connect to each astronaut.

The oxygen umbilical consists of Flourel hoses
(1.25-inch inside diameter) with wire reinforce-
ment. The connectors are of the quick-disconnect
type, with a 1.24-inch, 70° elbow at the PGA
end. Each assembly is made up of two hoses and
a dual-passage connector at the ECS end and two
separate hoses (supply and exhaust) at the PGA
end. When not connected to the PGA, the ECS
connector end remains attached and the hoses
stowed.

The electrical umbilical carries voice com-

munications and biomedical data, and electrical
power for warning-tone impulses.

CREW LIFE SUPPORT

The crew life support equipment includes food
and water, a waste management system, personal
hygiene items, and pills for in-flight emergencies. A
potable-water unit and food packages contain suffi-
cient life-sustaining supply for completion of the
LM mission.

CREW WATER SYSTEM

The water dispenser assembly consists of a
mounting bracket, a coiled hose, and a trigger-
actuated water dispenser. The hose and dispenser

extend approximately 72 inches to dispense water
from the ECS water feed control assembly. The
ECS water feed control valve is opened to permit
water flow. The dispenser assembly supplies water
at +60° to +90° for drinking or food preparation
and fire extinguishing. The water for drinking and
food preparation is filtered through a bacteria
filter. The water dispenser is inserted directly into
the mouth for drinking. Pressing the trigger-type
control supplies a thin stream of water for drinking
and food preparation. For firefighting, a valve on
the dispenser is opened. The valve provides a
greater volume of water than that required for
drinking and food preparation.

FOOD PREPARATION AND CONSUMPTION

The astronaut’s food supply (approximately
3,500 calories per man per day) includes liquids
and solids with adequate nutritional value and
low waste content. Food packages are stowed in
the LM midsection, on the shelf above PLSS No.
1 and the right-hand stowage compartment.

The food is vacuum packed in plastic bags that
have one-way poppet valves into which the water
dispenser can be inserted. Another valve allows
food passage for eating. The food bags are
packaged in aluminum-foil-backed plastic bags for
stowage and are color coded: red (breakfast),
white (lunch), and blue (snacks).

Food preparation involves reconstituting the
food with water. The food bag poppet-valve cover
is cut with scissors and pushed over the water dis-
penser nozzle after its protective cover is
removed, Pressing the water dispenser trigger
releases water. The desired consistency of the
food determines the quantity of water added.
After withdrawing the water dispenser nozzle, the
protective cover is replaced and the dispenser
returned to its stowage position. The food bag is
kneaded for approximately 3 minutes, after
which the food is considered reconstituted. After
cutting off the neck of the food bag, food can be
squeezed into the mouth through the food-
passage valve. A germicide tablet, attached to the
outside of the food bag, is inserted into the bag
after food consumption, to prevent fermentation
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and gas formation. The bag is rolled to its
smallest size, banded, and placed in the waste dis-
posal compartment.

EMU WASTE MANAGEMENT SYSTEM

The EMU waste management system provides
for the disposal of body waste through use of a
fecal containment system and a urine collection
and transfer assembly, and for neutralizing odors.
Personal hygiene items are stowed in the right-hand
stowage compartment.

Waste fluids are transferred to a waste fluid
collector assembly by a controlled difference in
pressures between the PGA and cabin {ambient).
The primary waste fluid collector consists of a
long transfer hose, control valve, short transfer
hose, and a 8,900-cc multilaminate bag. The long
transfer hose is stowed on a connector plate
when not in use. To empty his in-suit urine con-
tainer, the astronaut attaches the hose to the
PGA quick-disconnect, which has a visual flow
indicator. Rotating the handle of the spring-
loaded waste control valve controls passage of
urine to the assembly. The 8,900-cc bag is in the
PLSS LiOH storage unit, the short transfer hose
is connected between the waste control valve and
the bag.

With cabin pressure normal (4.8 psia), the long
transfer hose is removed from the connector
stowage plate and attached to the PGA male dis-
connect. The PGA is overpressurized by 0.8°0.2
psia and the waste control valve is opened. Urine
flows from the PGA to the collector assembly at
a rate of approximately 200 cc per minute. When
bubbles appear in flow indicator, the valve indi-
cator is released and allowed to close.

A secondary waste fluid collector system pro-
vides 900-cc waste fluid containers, which attach
directly to the PGA. Urine is transferred directly
from the PGA, through the connectors, to the
bags. These bags can then be emptied into the
8,900-cc collector assembly.

FECAL DEVICE

The fecal containment system consists of an
outer fecal/emesis bag (one layer of Aclar) and a
smaller inner bag. The inner bag has waxed tissue
on its inner surface. Polyethylene-backed toilet
tissue and a disinfectant package are stored in the
inner bag.

To use, the astronaut removes the inner bag
from the outer bag. After unfastening the PGA
and removing undergarments, the waxed tissue is
peeled off the bag’s inner surface and the bag is
placed securely on the buttocks. After use, the
used toilet tissue is deposited in the used bag and
the disinfectant package is pinched and broken
inside the bag. The bag is then closed, kneaded,
and inserted in the outer bag. The wax paper is
removed from the adhesive on the fecal/emesis
bag and the bag is sealed then placed in the waste
disposal compartment.

PERSONAL HYGIENE ITEMS

Personal hygiene items consist of wet and dry
cleaning cloths, chemically treated and sealed in
plastic covers. The cloths measure 4 by 4 inches
and are folded into 2-inch squares. They are stored
in the food package container.

MEDICAL EQUIPMENT

The medical equipment consists of biomedical
sensors, personal radiation dosimeters, and emer-
gency medical equipment.

Biomedical sensors gather phiysiological data
for telemetry. Impedance pneumographs con-
tinuously record heart beat (EKG) and respiration
rate. Each assembly (one for each astronaut) has
four electrodes which contain electrolyte paste;
they are attached with tiape to the astronaut’s
body.

Six personal radiation dosimeters are provided
for each astronaut. They contain thermo-
luminescent powder, nuclear emulsions, and film
that is sensitive to beta, gamma, and neutron
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radiation. They are placed on the forehead or
right temple, chest, wrist, thigh, and ankle to
detect radiation to eyes, bone marrow, and skin.
Serious, perhaps critical, damage results if radia-
tion dosage exceeds a predetermined level. For
quick, easy reference each astronaut has a
dosimeter mounted on his EMU.

The emergency medical equipment consists of
a kit of six capsules: four are pain Kkillers
(Darvon) and two are pep pills (Dexedrine). The
kit is attached to the interior of the flight data
file, readily accessible to both astronauts.

CREW SUPPORT AND RESTRAINT
EQUIPMENT

The crew support and restraint equipment in-
cludes armrests, handholds (grips), Velcro on the
floor to interface with the boots, and a restraint
assembly operated by a rope-and-pulley arrange-
ment that secures the astronauts in an upright
position under zero-g conditions.

RESTRAINT

DOCKING
RING AND
P

PULLEY
SYSTEM

The armrests, at each astronaut position, pro-
vide stability for operation of the thrust/
translation controller assembly and the attitude
controller assembly, and restrain the astronaut
laterally. They are adjustable (four positions) to
accommodate the astronaut; they also have
stowed (fully up) and docking (fully down)
positions. The armrests, held in position by
spring-loaded detents, can be moved from the
stowed position by grasping them and applying
downward force. Other positions are selected by
pressing latch buttons on the armrest forward
area. Shock attenuators are built into the arm-
rests for protection against positive-g forces (lunar
landing). The maximum energy absorption of the
armrest assembly is a 300-pound force, which will
cause a 4-inch armrest deflection.

The handholds, at each astronaut station and
at various locations around the cabin, provide
support for the upper torso when activity in-
volves turning, reaching, or bending; they atten-
uate movement in any direction. The forward

CONSTANT
FORCE REEL
ASSEMBLY

Restraint Equipment
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panel handholds are single upright, peg-type,
metal grips. They are fitted into the forward
bulkhead, directly ahead of the astronauts, and
can be grasped with the left or right hand.

The restraint assembly consists of ropes, re-
straint rings, and a constant-force reel system.
The ropes attach to D-rings on the PGA sides,
waist high. The constant-force reel provides a
downward force of approximately 30 pounds, it
is locked during landing or docking operations.
When the constant-force reel is locked, the ropes
are free to reel in. A ratchet stop prevents paying
out of the ropes and thus provides zero-g
restraint. During docking maneuvers, the Com-
mander uses pin adjustments to enable him to use
the crewman optical alignment sight (COAS) at
the overhead (docking) window.

DOCKING AIDS AND TUNNEL HARDWARE

Docking operations require special equipment
and tunnel hardware to effect linkup of the LM
with the CSM. Docking equipment includes the
crewman’s optical alignment sight (COAS) and a
docking target. A drogue assembly, probe assem-
bly, the CSM forward hatch, and hardware inside
the LM tunnel enable completion of the docking
maneuver.

The COAS provides the Commander with gross
range cues and closing rate cues during the
docking maneuver. The closing operation, from
160 feet to contact, is an ocular, kinesthetic
coordination that requires control with minimal
use of fuel and time. The COAS provides the
Commander with & fixed line-of-sight attitude
reference image, which appears to be the same
distance away as the target.

The COAS is a collimating instrument. It
weighs approximately 1.5 pounds, is 8 inches
long, and operates from a 28-voit d-c power
source. The COAS consists of a lamp with an
intensity control, a reticle, a barrel-shaped hous-
ing and mounting track, and a combiner and
power receptacle. The reticle has vertical and

horizontal 10° gradations in a 10° segment of
the circular combiner glass, on an elevation scale

{right side) of -10° to +31.5°. The COAS is
capped and secured to its mount above the left
window (position No. 1).

To use the COAS, it is moved from position
No. 1 to its mount on the overhead docking
window frame (position No. 2) and the panel
switch is set from OFF to OVHD. The intensity
control is turned clockwise until the reticle
appears on the combiner glass; it is adjusted for
required brightness.

The docking target permits docking to be
accomplished on a three-dimensional alignment
basis. The target consists of an inner circle and a
standoff cross of black with self-illuminating disks
within an outer circumference of white. The
target-base diameter is 17.68 inches. The standoff
cross is centered 15 inches higher than the base
and, as seen at the intercept, is parallel to the
X-axis and perpendicular to the Y-axis and the
Z-axis.

The drogue assembly consists of a conical
structure mounted within the LM docking tunnel.
It is secured at three points on the periphery of
the tunnel, below the LM docking ring. The LM
docking ring is part of the LM midsection outer
structure, concentric with the X-axis. The drogue
assembly can be removed from the CSM end or
LM end of the tunnel.

Basically, the assembly is a three-section
aluminum cone secured with mounting lugs to the
LM tunnel ring structure. A lock and release
mechanism on the probe, controls capture of the
CSM probe at CSM-LM contact. Handles are pro-
vided to release the drogue from its tunnel mounts.

The tunnel contains hardware essential to final
docking operations. This includes connectors for
the electrical umbilicals, docking latches, probe-
mounting lugs, tunnel lights, and deadfacing
switches.

The probe assembly provides initial CSM-LM
coupling and attenuates impact energy imposed
by vehicle contact. The probe assembly may be
folded for removal and for stowage within either
end of the CSM transfer tunnel.
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CREW MISCELLANEOUS EQUIPMENT

Miscellaneous equipment required for com-
pletion of crew operations consists of in-flight data
with checklists, emergency tool B, and window
shades.

The in-flight data are provided in a container in
the left-hand midsection. The Commander’s
checklist is stowed at his station. The in-flight data
kit is stowed in a stowage compartment. The
packages include the flight plan, experiments data
and checklist, mission log and data book, systems
data book and star charts.

Tool B (emergency wrench) is a modified Allen-
head L-wrench. It is 6.25 inches long and has a

4.250-inch drive shaft with a 7/16-inch drive. The
wrench can apply a torque of 4,175 inch-pounds; it
has a ball-lock device to lock the head of the drive
shaft. The wrench is stowed on the right side
stowage area inside the cabin. It is a contingency
tool for use with the probe and drogue, and for
opening the CM hatch from outside.

Window shades are used for the overhead
(docking) window and forward windows. The
window shade material is Aclar. The surface
facing outside the cabin has a highly reflective
metallic coating. The shade is secured at the
bottom (rolled position). To cover the window,
the shade is unrolled, flattened against the frame
area and secured with snap fasteners.
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MODULARIZED EQUIPMENT STOWAGE
ASSEMBLY

The MESA pallet is located in quad 4 of the
descent stage. The pallet is deployed by the
extravehicular astronaut when the LM is on the
lunar surface. It contains fresh PLSS batteries and
LiOH cartridges, a TV camera and cable, tools for
obtaining lunar geological samples, and containers
in which to store the samples. It also has a fold-
ing table on which to place the sample return
containers. The folding table also functions as a
bracket on which to hang the transfer bag, which
is used to transfer the PLSS batteries and the
cartridges to the cabin.

EARLY APOLLO SCIENTIFIC EXPERIMENTS

PAYLOAD (EASEP)

The EASEP, a 171-pound package of scientific
equipment, is carried in the LM on the initial lunar
landing mission. It contains three experiments:

Passive seismometer

Solar wind experiment
Laser ranging retro-reflector

PASSIVE SEISMOMETER

The passive seismometer is a self-contained
station, with a direct earth-lunar communications
link. Its solar cells and radioisotope nuclear gener-
ator heaters are designed for a 1-year lifetime.

SOLAR WIND EXPERIMENT

The solar wind experiment is designed to isolate
exotic gases such as argon, krypton, xenon, neon,
and helium in the solar wind. A sheet of aluminum
foil, used to entrap the gases will be returned to
earth for analysis.

LASER RANGING RETRO-REFLECTOR

The laser ranging retro-reflector is passive
experiment with an array of optical reflectors that
serve as targets for laser-pointing systems on earth.
The experiment is designed to accurately measure
the distance between earth and the moon.

ASTRONAUT PLACING
EQUIPMENT TRANSFER
BAG ON MESA TABLE

ASTRONAUT STOWING
LiOH CARTRIDGE IN
EQUIPMENT TRANSFER BAG

ASTRONAUT PLACING
LUNAR SAMPLE IN
SAMPLE RETURN CONTAINER

R-28

Application of MESA on Lunar Surface
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ENVIRONMENTAL CONTROL
QUICK REFERENCE DATA

Atmosphere revitalization section (ARS)

Cabin pressure
Suit circuit pressure
Cabin mode

Egress mode

Suit inlet temperature range

Cabin temperature
Relative humidity

Suit circuit fan flow

Oxygen supply and cabin pressure control section (OSCPCS)

Suit pressure increase

Cabin repressurization and emergency
oxygen valve delivery rate

Descent mode

Ascent mode

PLSS refill

Cabin votume

Dump valve bacteria filter efficiency
Manual cabin gressure dump rate
(without oxygen inflow)

Number of cabin repressurizations
Cabin repressurization time

Cabin pressure switch settings

? tumman
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4.8 t+ 0.2 psia {(normal, steady-state)

4.8 + 0.2 psia (may exceed 5.0 psia during powered flights
3.8 £ 0.2 psia (4.7 psia maximum during powered flight)
With suit temperature control valve in full cold position,
temperature ranges from +38° to +65° F: in full hot
position, from +42° to 100° F.

+559 10 +90° F

40% to 80%

At 4.8 psia - 36.0 pounds per hour {minimum)
At 3.8 psia - 28.4 pounds per hour {minimum)

First 1-psi increase may occur in less than 1 second. Each
succeeding 1-psi increase occurs in not less than 8 seconds.

4 pounds per minute (maximum)
8 pounds per minute at 700 psia

0.91 pound/refili at 850 psia; can only be partially filled at
lower pressures

235 cubic feet

Removes 95% of all bacteria larger than 0.5 micron

Dump valve in forward hatch, with bacteria filter, from 5.0 psia
down to 0.08 psia in 310 seconds; overhead hatch, without
filter, in 180 seconds; both valves, without filter, 90 seconds

4 at 6.6 pounds each

2 minutes

When cabin pressure drops to 3.7 to 4.45 psia, contacts close.
When cabin pressure increases to 4.40 to 5.0 psia, contacts open.

EC1
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Oxyyen supply and cabin pressure control section (cont)

1bescent oxygen tank
Capacity

Burst pressure

Ascent oxygen tanks
Capacity

Burst pressure

Bypass relief valve
Full flow pressure
Cracking pressure
Reseat pressure

Overboard relief valve
Full flow pressure
Cracking pressure
Reseat pressure

High-pressure regulator
Qutlet pressure with primary and secondary
regulators operating normally
Water management section (WMS)
Descent water tank
Capacity
tnitial fill pressure
Residual water
Pressure upon expulsion of all expellable water
Ascent water tanks
apactty
Initial fitl pressure
SResidual water
Pressure regualator discharge pressure
PLSS refill (each)

Heat transport section (HTS)

Coolant

Coolant slush point

Coolant pump rated flow

EC-2

48.01 pounds at 2,730 psia and +70° F (residual oxygen:
1.0 pound)
4,500 psia

2.43 pounds {each tank) at 854 psia and +80° F (residual oxygen:
0.14 pounds (each tank) at 50 psia and +70° F
1,500 psia

3,030 psig {minimum) at +75° F
2,875 psig (maximum) at +75° F
2,850 psig {minimum) at +75° F

1,090 psig (maximum) at +75° F
1,025 psig {minimum) at +75° F
985 psig (minimum) at +75° F

At inlet pressure of 1,100 to 3,000 psig and fiow of 0.1 to 4.0
pounds per hour, and inlet pressure of 975 to 1,100 psig and flow
of 0.1 pound per hour, will regulate to 875 to 960 psig at 759 F

333 pounds at 0.75 fill ratio
48.2 psia {(maximum) at +80° F
6.66 pounds

11.0 psia {minimum) at +35° F

42.5 pounds (each tank) at 0.75 fill ratio
48.2 psia (maximum) at +80° F

0.85 pound (each tank)

0.5 to 1.0 psi above ARS gas pressure

9.15 pounds of water

Solution of ethylene glycol and water (35% and 65%, respectively,
by weight) with inhibitors

Approximately 35 pounds of coolant is used in HTS.
3°F

Flow rate of 222 pounds per hour {minimum) at +40° F, 30 psid,
and 28-vdc input voltage

? wmman
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Heat transport section (HTS) {cont)

Coolant pump bypass relief valve
Cracking pressure
Fully open pressure
Reseat pressure

Coolant temperatures
Flow into primary sublimator
Flow out of sublimator
Flow into secondary sublimator
Flow out of sublimator

Vacuum fill requirements

Primary and secondary coolant filters
Efficiency

Maximum bypass valve cracking pressure

Coolant flow
Primary coolant loop
Secondary coolant loop

Cold plates
Coolant inlet operating temperature
Coolant inlet operating pressure
Coolant inlet operating flow

33 to 36 psi
39 psi
1 psi less than cracking

+29° 10 +120° F
+110° F {maximum)
+29% to +36° F
+60.1° F (minimum)
+47° F (maximum)

HTS withstands internal pressure of 500 microns in sea-level
ambient pressure environment.

35 microns absolute for primary: 45 microns absolute for
secondary
0.4 psid for primary; 1.0 psid for secondary

222 pounds per hour (minimum)
222 pounds per hour (minimum)

+32% 10 +100° F
5 to 45 psia
12 to 85 pounds per hour, depending on cold-plate size

ENVIRONMENTAL CONTROL SUBSYSTEM (ECS)

WATER MANAGEMENT SECTION (WMS)

DRINKING
FOOD PREPARATION
COOLING
RECHARGING PLSS
FIRE EXTINGUISHING

OXYGEM SUPPLY AND CABIN PRESSURE
CONTROL SECTION (OSCPCS)

CABIN PRESSURIZATION
SPACE SUIT PRESSURIZATION
RECHARGING PLSS
OXYGEN FOR BREATHING

ATMOSPHERE REVITILIZATION SECTION (ARS)

SPACE SUIT VENTILATION
CARBON DIOXIDE CONTROL
ODOR REMOVAL

CABIN AND SPACE SUIT TEMPERATURE
AND HUMIDITY CONTROL

CONDITIONS OXYGEN FOR
BREATHING

HEAT TRANSPORT SECTION (HTS)

ARS TEMPERATURE CONTROL
ELECTRONICS THERMAL CONTROL
WASTE HEAT REJECTION

Block Diagram of the Environmental Control Subsystem

? wmman
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The Environmental Control Subsystem (ECS)
enables pressurization of the cabin and space suits,
controls the temperature of electronic equipment,
and provides breathable oxygen for the astronauts.
It also provides water for drinking, cooling, fire
extinguishing, and food preparation and supplies
oxygen and water to the portable life support
system (PLSS).

The major portion of the ECS is in the cabin.
The peripheral ECS equipment, such as oxygen and
water tanks, is located outside the cabin, in the
ascent and descent stages. The ECS consists of the
following sections:

Atmosphere revitalization section (ARS)

Oxygen supply and cabin pressure control
section (OSCPCS)

Water management section (WMS)
Heat transport section (HTS)

The ARS purifies and conditions the oxygen for
the cabin and the space suits. Oxygen conditioning
consists of removing carbon dioxide, odors, parti-
culate matter, and excess water vapor.

The OSCPCS stores gaseous oxygen and
maintains cabin and suit pressure by supplying
oxygen to the ARS to compensate for crew meta-
bolic consumption and cabin or suit leakage. An
oxygen tank in the descent stage provides oxygen
during descent and lunar stay. Two oxygen tanks
in the ascent stage are used during ascent and
rendezvous.

The WMS supplies water for drinking, cooling,
fire extinguishing, and food preparation, and for
refilling the PLSS cooling water tank. It also pro-
vides for delivery of water from ARS water
separators to HTS sublimators and from water
tanks to ARS and HTS sublimators.

The water tanks are pressurized before launch,
to maintain the required pumping pressure in the
tanks. The descent stage tank supplies most of the
water required until staging occurs. After staging,
water is supplied by the two ascent stage tanks.
A self-sealing valve delivers water for drinking and
food preparation.

The HTS consists of a primary coolant loop and
a secondary coolant loop. The secondary loop
serves as a backup loop; it functions if the primary
loop fails. A water-glycol solution circulates
through each loop. The primary loop provides tem-
perature control for batteries, electronic equip-
ment that requires active thermal control, and for
the oxygen that circulates through the cabin and
space suits. The batteries and electronic equipment
are mounted on cold plates and rails through which
coolant is routed to remove waste heat. The cold
plates used for equipment that is required for
mission abort contain two separate coolant
passages: one for the primary loop and one for the
secondary loop. The secondary coolant loop,
which is used only if the primary loop is inopera-
tive, serves only these cold plates.

In-flight waste heat rejection from both coolant
loops is achieved by the primary and secondary
sublimators, which are vented overboard. A cool-
ant pump recirculation assembly contains all the
HTS coolant pumps and associated check and relief
valves. Coolant flow from the assembly is directed
through parallel circuits to the cold plates for the
electronic equipment and the oxygen-to-glycol
heat exchangers in the ARS.

FUNCTIONAL DESCRIPTION

The functional description of each of the four
major ECS sections is supported by a functional
flow diagram, which, to reduce complexity, does
not contain electrical circuitry.
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GASEQUS TRANSMITTER C-BAND COMMUNICATIONS
OXYGEN TANKS COLD PLATES COLD PLATES COLD PLATES

DATA STORAGE
EQUIPMENT
COLD PLATE

ELECTRONIC REPLACEABLE
ASSEMBLY, AND ASCENT
BATTERY COLD PLATES

GN&CS
COLD PLATES
STRAIN/TEMPERATURE LIGHTING CONTROL
SIGNAL CONDITIONER ASSEMBLY
COLD PLATE WATER TANK COLD PLATE
{QUAD 2)

GASEOUS OXYGEN
TANK (QUAD 3)

/

BATTERY COLD
RAILS (QUAD 4)

R-32
Environmental Control Subsystem, Component Location (Sheet 1)
? wummiin EC-b
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-( wuu

WATER MANAGEMENT CONTROLS

Environmental Control Subsystem, Component Location (Sheet 2)
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ATMOSPHERE REVITALIZATION SECTION

The ARS is a recirculation system that condi-
tions oxygen by cooling or heating, dehumidifying,
and deodorizing it for use within the space suits
and cabin, and circulates water through the liquid
cooling garment to provide cooling during peak
heat loads. The major portion of the ARS is
contained within the suit circuit assembly,

In normal operation, conditioned oxygen flows
to the space suits and is discharged through the
return umbilical to the suit circuit. Suit circuit
pressure, sensed at a point downstream of the suits,
is referenced to the oxygen regulators that control
pressure by supplying makeup oxygen to the suit
circuit. The suit circuit relief valve protects the suit
circuit against overpressurization, by venting the
cabin.

The cabin position of the suit gas diverter valve
is used during pressurized-cabin operation, to
direct sufficient conditioned oxygen to the cabin
to control carbon dioxide and humidity levels.
Pulling the valve handle selects the egress position
to isolate the suit circuit from the cabin. The egress
position is used for all unpressurized-cabin opera-
tions, as well as closed suit mode with pressurized
cabin. An electrical solenoid override automatically
repositions the valve from cabin to egress when
cabin pressure drops below the normal level or
when the egress position is selected on the pressure
regulators.

With the suit gas diverter valve set to the cabin
position, cabin discharge oxygen is returned to the
suit circuit through the cabin gas return valve.
Setting the cabin gas return valve to automatic
position enables cabin pressure to open the valve.
When the cabin is depressurized, differential pres-
sure closes the valve, preventing suit pressure loss.

A small amount of oxygen is tapped from the
suit circuit upstream of the PGA inlets and fed to
the carbon dioxide partial pressure sensor, which
provides a voltage to the CO2 partial pressure
indicator.

The primary and secondary carbon dioxide and
odor removal canisters are connected to form a
parallel loop. The primary canister contains a LM

cartridge with a capacity of 41 man hours; the
secondary canister, a PLSS cartridge with a capa-
city of 14 man hours. A debris trap in the primary
canister cover prevents particulate matter from
entering the cartridge. A relief valve in the primary
canister permits flow to bypass the debris trap if it
becomes clogged. Oxygen is routed to the CO9 and
odor removal canisters through the canister selec-
tor valve. The carbon dioxide level is controlled by
passing the flow across a bed of lithium hydroxide
(LiOH); odors are removed by absorption in acti-
vated charcoal. When carbon dioxide partial pres-
sure reaches or exceeds 7.6 mm Hg, as indicated on
the partial pressure COg indicator, the CO2 com-
ponent caution light and ECS caution light go on.
(The CO» component caution light also goes on
when the CO» canister selector valve is in the
secondary position.) The CO2 canister selector
valve is then set to the secondary position, placing
the secondary canister onstream. The primary
cartridge is replaced and the CO5 canister selector
valve is set to the primary position, placing the
primary canister back onstream.

From the canisters, conditioned oxygen flows to
the suit fan assembly, which maintains circulation
in the suit circuit. Only one fan operates at a time.
The ECS suit fan 1 circuit breaker is closed and
the SUIT FAN selector switch is set to 1 to initiate
suit fan operation. At startup, a fan differential
pressure sensor is in the low position (low A P),
which, through the fan condition signal control,
energizes the ECS caution light and suit fan com-
ponent caution light. The lights remain on until the
differential pressure across the operating fan
increases sufficiently to cause the differential pres-
sure sensor to move to the normal position. If the
differential pressure drops to 6.0 inches of water or
less, the lights go on and switchover to fan No. 2 is
required. The ECS caution light goes off when fan
No. 2 is selected and the suit fan warning light goes
on. The suit fan component caution light goes off
when fan No. 2 comes up to speed and builds up
normal differential pressure. The suit fan warning
light and suit fan component caution light go off if
fan No. 2 differential pressure reaches 9.0 inches of
water. The fan check valve permits air to pass from
the operating fan without backflow through the
inoperative fan.
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