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APOLLO NEWS REFERENCE
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APOLLO

Man's centuries-old dream of exploring the moon is nearing reality.
Preparations for this half-million mile round trip include agencies from
virtually all 60 states and the diverse talents of more than 300,000 people in
government, industry, and the educational community.

All of them are well aware of their pioneering responsibility. And no
matter where the scene may shift — to NASA installations in Washington, at
Huntsville or Houston, to Grumman facilities at Bethpage or Cape Kennedy
— all share the same objective. The goal is never out of sight. On clear nights
it beckons overhead . . . . the moon.
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APOLLO NEWS RE¥FERENCE

The Apollo Spacecraft Reference has been prepared by Public Affairs,
Space, at Grumman Aircraft Engineering Corporation, Bethpage, New York
in cooperation with the National Aeronautics and Space Administration,
Manned Spacecraft Center, Houston, Texas.

All inquiries regarding the Lunar Module should be directed to:

Public Affairs, Space
Grumman Aircraft Engineering Corporation
Bethpage, Long Island, New York 11714

? wmman
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MISSION DESCRIPTION

A typical mission of the Lunar Module (LM) begins shortly after its
separation from the coupled, orbiting Command/Service Module, continues
through lunar descent, lunar stay, funar ascent, and ends at rendezvous with
the orbiting Command/Service Module before the return to earth. The LM
mission is part of the overall Apollo Mission, the objective of which is to
land two astronauts and scientific equipment on the moon, and return them
safely to earth.

The three-stage, Saturn V launch vehicle will be used to boost the Apollo
spacecraft into earth orbit and to provide the thrust necessary to propel it
into its translunar path. Once on course to the moon, the third, and final
propellant stage of the Saturn V is jettisoned, and the spacecraft (consisting
of the Command, Service, and Lunar Modules) continues its 3-day journey
toward a lunar orbit.

?uunman_ MD-1
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R-106

Upon approach to the moon, the re-ignitable propulsion system contained
in the Service Module inserts the spacecraft into a circular orbit approxi-
mately 80 nautical miles above the lunar surface. Once orbit is achieved, two
of the three astronauts in the Apolio team transfer from the Command
Module, where they have been seated since earth launch, to the LM. A
thorough checkout of the LM’s subsystems is then performed.

At a predetermined point in the Lunar orbit, the LM separates from the

Command/Service Module which remains in lunar orbit awaiting the return
of the LM at the end of the mission’s rendezvous maneuver.

MD-2 ?ulmmaa
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By igniting the descent engine (contained in the LM’s descent stage), the
separated LM is inserted into a descent trajectory. Following cutoff of the
descent engine, the LM coasts to the low point of its descent trajectory
which brings the craft to within 50,000 feet of the lunar surface, and
uprange of the proposed landing site. At that time, the descent engine is
refired to reduce velocity during the LM’s descent to landing.

The LM'‘s descent is automatically controlled to an altitude of a few
hundred feet by a Guidance, Navigation, and Control Subsystem. During the
final landing phase, the two man crew selects a favorable landing site and, by
manual control of the reaction control system jets {clustered at the four
corners of the LM ascent stage) and the variable thrust descent engine, the
craft is manipulated into the correct attitude over the landing site and landed
gently on the moon.

?ummvm MD-3
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Following touchdown on the moon, the LM crew checks all subsystems to
determine whether damage was incurred during the landing, and to ensure
that the subsystems will perform the functions required for a successful
departure and rendezvous. All equipment not essential for the lunar stay is
turned off.

With the LM secured for the lunar stay, both astronauts don their portable
life support system, the LM is depressurized, and one or both leaves the
module to inspect the exterior for damage.

After completing his inspection, the astronaut deploys an erectable S-band
communications antenna that allows voice and TV transmittal to earth. The
TV system sends pictures of the moon’s topography back to earth for
recording.

? wemman. MD-5
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R-110

Extra-vehicular explorations are made by both astronauts, after which the
astronauts return to the LM to replenish their portable life support system
with on-board supplies.

During their explorations, the astronauts photograph extensively, collect
specimens, activate scientific experiments, and transmit verbal reports on
observations to the earth,

The lunar stay will last for about 24 hours.

MD-6 gdm,nm
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R-111

When the lunar stay is completed, the LM crew must prepare the module
for launch and ascent to rendezvous with the orbiting Command/Service
Module.

Preparation consists of a recheck of all subsystems, and the computation
of relative position information for the execution of the rendezvous with the
Command/Service Module.

When the orbiting Command/Service Module is in the proper position
overhead, the ascent engine in the LM's upper section is fired for launch. The
lower descent stage serves as a launching platform and remains on the
moon’s surface. The ascent engine inserts the LM into a transfer orbit.
Mid-course and rendezvous maneuvers are accomplished with the Reaction
Control Subsystem jets.

?I«mﬁl(m MD-7
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R-112

When the LM is approximately 500 feet from the Command/Service
Module, the LM Commander manually maneuvers the module to a docking
attitude and increases or decreases the rate of closure until complete docking
is accomplished.

Once the coupling process is complete, the two-man LM crew prepares to
transfer to the Command Module and rejoin the third member of the Apolio
team. Pressures between the modules are equalized, LM subsystems are
turned off, and scientific equipment and collected specimens are passed into
the Command Module. When the transfer is complete, the LM is jettisoned in
Junar orbit and left behind. This concludes the role of the LM in the Apcllo
mission.

MD-8 ? rmmant
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FINAL APOLLO MISSION PHASE

Following rendezvous and jettisoning of the LM, preparations are made
for the return journey to earth. A checkout of the Command/Service
Module’s systems and computation of the transearth course occur just before
firing the Service Module’s engine, which provides thrust for the return trip.

As the Command/Service Module nears earth, the Service Module is
jettisoned, and the Command Module — bearing the Apollo team’s three
astronauts — is reoriented for re-entry and final parachute descent to earth
landing, thus completing the week-long lunar mission.

gmﬂm_ MD-9
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APOLLO SPACECRAFT

The Apollo. spacecraft comprises the lunar
module, the command module, the service module,
the spacecraft-lunar module adapter, and the
launch escape system. The five parts, 82 feet tall
when assembled, are carried atop the launch
vehicle.

After the launch escape system and the launch
vehicle have been jettisoned, the three modules
remain to form the basic spacecraft. The command
module carries the three astronauts to and from
lunar orbit. The service module contains the pro-
pulsion system that propels the spacecraft during
the translunar and transearth flights. The lunar
module carries two astronauts, the Commander
and the Lunar Module Pilot, to and from the
moon, and serves as the base of operations during
the lunar stay.

LUNAR MODULE

The lunar module will be operated in the
vacuum of space; there was no need, therefore, for
it to have the aerodynamic symmetry of the com-
mand module. The lunar module outer configu-
ration was dictated only by the requirements of
component location; cabin configuration was
designed to provide a near perfect operating
environment for the astronauts.

The LM consists of an ascent stage and a descent
stage. Both stages perform as a single unit during
separation from the CM, lunar descent, and lunar
stay. The descent stage serves as a launching plat-
form from which the ascent stage lifts off from the
lunar landing site. The ascent stage operates
independently during the lunar ascent, rendezvous,
and docking phases of the mission.

ASCENT STAGE

The ascent stage is the control center of the LM;
it is manned by the Commander, who occupies the
left flight station, and the Lunar Module Pilot, who

occupies the right flight station. The astronauts
transfer to the ascent stage, through the docking
tunnel, after the LM has docked with the CM and
both have attained lunar orbit. The ascent stage
comprises three major areas: crew compartment,
midsection, and aft equipment bay. The cabin,
comprising the crew compartment and midsection,
has an overall volume of 235 cubic feet.

Because the LM is operated in either the weight-
lessness of space or in lunar gravity, the cabin
contains harness-like restraint equipment rather
than the foldable couches provided in the CM. The
restraints allow the astronauts sufficient freedom
of movement to operate all LM controls while in a
relatively upright position.

ASCENT STAGE

Lunar Module

? wrnman AS-1
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DESCENT STAGE The descent stage is separated into five equally
sized compartments that contain descent pro-
The descent stage is the unmanned portion of pulsion section components. The center compart-
the LM; it represents approximately two-thirds of ment houses the descent engine; fuel, oxidizer, and
the weight of the LM at the earth-launch phase. In water tanks are distributed in the remaining four
addition to containing the descent propulsion compartments.
section, the descent stage is designed to:
Support the ascent stage COMMAND MODULE
Provide storage to support the scientific and . .
communications equipment used on the lunar Dimensions
surface Height 10t 7in,
Provide for attachment of the landing gear Diameter ) 12 ft 10 in.
Weight (including crew) 13,000 Ib
Serve as the ascent stage launching platform Weight (splashdown) 11,700 Ib

DOCKING TUNNEL

EARTH LANDING
EQUIPMENT

FORWARD COMPARTMENT
BULKHEAD

REACTION CONTROL
PITCH ENGINES

STRINGER MAIN DISPLAY

CONSOLE

INSULATION

CREW ACCESS
SPACE

HATCH

‘/‘ﬂ RENDEZVOUS
WINDOW
\ MAINTENANCE
PANELS

REACTION
CONTROL
ROLL ENGINES

ABLATIVE
MATERIAL 0y

STAINLESS STEEL
HONEYCOMS

ALUMINUM
HONEYCOMB

REACTION CONTROL
PITCH ENGINES

REACTHN
CONTROL YAW ENGINES
REACTION CONTROL

POTABLE WATER TANK ROLL ENGINES

Command Module
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Propellant

Reaction control subsystem 270 b
(fuel--monomethylhydrazine;
oxidizer—nitrogen tetroxide)

Function

The command module is the control center and
living quarters for most of the lunar mission; one
man will spend the entire mission in it and the
other two will leave it only during the lunar
landing. It is the only part of the spacecraft
recovered at the end of the mission.

Major Subsystems

Communications

Earth landing

Electrical power

Environmental control

Guidance and navigation

Launch escape

Reaction control

Service propulsion

Stabilization and control
Thermal protection (heat shields)

The CM is divided into three compartments:
forward, crew, and aft. The forward compartment
is the relatively small area at the apex of the
module, the crew compartment occupies most of
the center section of the structure, and the aft
compartment is another relatively small area
around the periphery of the module near the base.

During boost and entry the CM is oriented so
that its aft section is down, like an automobile
resting on its rear bumper. In this position the
astronauts are on their backs; the couches are
installed so that the astronauts face the apex of the
module. In the weightlessness of space the orienta-
tion of the craft would make little difference
except in maneuvers like docking, where the craft
is moved forward so that the probe at the CM's
apex engages the drogue on the LM. Generally,
however, the module will be oriented in space so
that its apex is forward.

Crewmen will spend much of their time on their
couches, but they can leave them and move
around. With the seat portion of the center couch
folded, two astronauts can stand at the same time.
The astronauts will sleep in two sleeping bags
which are mounted beneath the left and right
couches. The sleeping bags attach to the CM
structure and have restraints so that a crewman can
sleep either in or out of his space suit.

fe————————— W2FII0IN e o
SEXTANT M SM
& SCANNING

-~ UMBILICAL

TELESCOPE

g = g > 1/
YAW o - , ,
ENGINES Sl g
N
A \/
\KH\‘E ~ YAW
\ ENGINES
SIDE WINDOW PRt
(2 PLACES}) RENDEZVOUS
WINDOW
CREW HATCH (2 PLACES)
DOCKING PROBE
FORWARD WINDOW 3
PITCH _
ENGINES WINDOW 4
FORWARD
COMPARTMENT
WINDOW 2
CREW VA P
COMPARTMENT b \ WFT7IN.
WINDOW 1 7 .
AFT
COMPARTMENT
ROLL ENGINES AFT PITCH ENGINES
P-49

CM General Arrangement
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Food, water, clothing, waste management, and
other equipment are packed into bays which line
the walls of the craft. The cabin normally will be
pressurized to about 5 pounds per square inch
{(about a third of sea level pressure) and the tem-
perature will controlled at about 75° F. The
pressurization and controlled atmosphere will
enable the three crewmen to spend much of their
time out of their suits. They will be in their space
suits, however, during critical phases of the mission
such as launch, entry, docking, and crew transfer.

The astronaut in the left-hand couch is the
spacecraft commander. In addition to the duties of
command, he will normally operate the space-
craft’s flight controls. The astronaut in the center
couch is the CM pilot; his principal task is guidance
and navigation, although he also will fly the space-
craft at times. On the lunar mission, he is the
astronaut who will remain in the CM while the
other two descend to the surface of the moon. The
astronaut in the right-hand couch is the LM pilot
and his principal task is management of spacecraft
subsystems.

ELECTRICAL POWER SUBSYSTEM
RADIATORS

=
REACTION e JPE— |
CONTROL =, ===l ,1‘==1.”l:
SUBSYSTEM

QUAD CH i
o |

SCIMITAR
ANTENNA —]

- i ————

|

T |

ENVIRONMENTAL
CONTROL SUBSYSTEM
RADIATOR

SERVICE
PROPULSION ENGINE
NOZZLE EXTENSION

4FT2IN

P-64

Although each has specific duties, any of the
astronauts can take over the duties of another. The
command module has been designed so that one
astronaut can return it safely to earth.

SERVICE MODULE

Dimensions

Height 24 ft 2in.
Diameter 12 ft 10in.
Weight (loaded) 55,000 Ib
Weight (dry) 11,500 Ib
Propellant

SPS fuel 15,766 Ib
SPS oxidizer 25,208 Ib
RCS 1,362 b

I 12FTI0IN
SECTOR 2 SERVICE PROPULSION AND SYSTEM
SECTOR 3 } OXIDIZER TANKS
SECTOR 4 OXYGEN TANKS, KYDROGEN TANKS, FUEL CELLS
SECTOR 5 } SERVICE PROPULS!ON SUBSYSTEM
SECTOR 6 FUEL TANKS

CENTER SECTION - SERVICE PROPULSION ENGINE AND
HELIUM TANKS

Service Module
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Function

The service module contains the main spacecraft
propulsion system and supplies most of the space-
craft’'s consumables (oxygen, water, propellant,
hydrogen). It is not manned. The service module
remains attached to the command module until
lust before entry, when it is jettisoned and is
destroyed during entry.

Major Subsystems

Electrical power
Environmental control
Reaction control
Service propulsion
Telecommunications

FUEL TANKS

FORWARD BULKHEAD INSTALL

FUEL CELLS
PRESSURIZATION
SYSTEM PANEL
L,
OXYGEN TANKSX@
HYDROGEN TANKS 4 '

S-BAND HIGH GAIN ANTENNA

SERVICE PROPULSION ENGINE

P-66

¥

The service module is a cylindrical structure
which serves as a storehouse of critical subsystems
and supplies for almost the entire lunar mission. it
is attached to the command module from launch
until just before earth atmosphere entry.

The service module contains the spacecraft’s
main propulsion engine, which is used to brake the
spacecraft and put it into orbit around the moon
and to send it on the homeward journey from the
moon. The engine also is used to correct the space-
craft’s course on both the trips to and from the
moon.

HELIUM TANKS

OXIDIZER TANKS

REACTION
CONTROL
SUBSYSTEM
QUADS (4)

Main Components of SM
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Besides the service propulsion engine and its It is strictly a servicing unit of the spacecraft,
propellant and helium tanks, the service module but it is more than twice as long and more than
contains a major portion of the electrical power, four times as heavy as the manned command
environmental control, and reaction control module. About 75 percent of the service module’s
subsystems, and a small portion of the communi- weight is in propellant for the service propulsion
cations subsystem. engine.

Information in this section relative to the
Command and Service Module was provided by
North American Rockwell Corporation, Space
Division. Complete details on the Command and
Service Modules are contained in North American’s
Apollo Spacecraft News Reference.

AS-6 ? wemman
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LUNAR MODULE

QUICK REFERENCE DATA

DIMENSIONS

LM:
Height
Diameter

Ascent stage:
Height
Diameter

Descent stage:
Height
Diameter

GENERAL

Vehicle weight:
Earth launch (with crew and propellant)
LM (dry)
Ascent stage (dry)
Descent stage (dry)

Propetlant weight:
Ascent stage
Descent stage
RCS

Pressurized volume
Habitable volume
Cabin temperature
Cabin pressure

Batteries:
Height
Width
Length
Weight (each, filled)

Electrical requirements:
Inputs

From Electrical Power Subsystem {Commander's

and LM Pilot:s buses)

From Ascent engine latching device of control
electronics section

From Explosive Devices batteries {systems A
and B)

From descent engine control assembly

Outputs
To initiators (in cartridge assemblies)
Explosive Devices relay boxes

“ApolloNewsRef LM D.LVO1.PICT” 134 KB 1999-01-27 dpi: 360h x 364v pix: 2677h x 3763v

22 ft. 11 in. (legs extended)
31 ft. (diagonally across extended landing gear)

12 ft. 4 in.
14 ft. 1in.

10 ft. 7 in.
14 ft. 1 in.

32,400 Ib. (approx.)
8,600 Ib. (approx.)
4,500 Ib. (approx.)
4,100 Ib. (approx.)

5,200 Ib. (approx.)
18,000 Ib. (approx.)
600 Ib. (approx.}

235 cu. ft.
160 cu. ft.
759 F

481 0.2 psia

3.03 inches
2.75 inches
6.78 inches
3.50 pounds

28 volts dc
28 volts dc
37.1 volts dc (open-circuit voltage)

35.0 volts dc (minimum)
28 volts dc

3.5 amperes for 10 milliseconds (minimum)
7.5 to 15.0 amperes dc (for at least 10
milliseconds)

LvA1
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The NASA/Grumman Apollo Lunar Module
(LM) will descend to the lunar surface from lunar
orbit, provide a base from which the astronauts can
explore the landing site and enable the astronauts
to take off from the lunar surface to rendezvous
and dock with the orbiting Command and Service
Modules {CSM). The LM consists of an ascent stage
and a descent stage. Both stages function as a single
unit during separation from the CM, lunar descent,
and lunar stay. The descent stage serves as a
launching platform from which the ascent stage
lifts off from the lunar surface. The ascent stage
operates independently during the lunar ascent,
rendezvous, and docking phase of the Apollo
mission.

The ascent and descent stages are joined by four
interstage fittings that are explosively severed at
staging. Subsystem lines and umbilicals required
for subsystem continuity between the stages are
either explosively severed or automatically dis-
connected when the stages are separated.

ASCENT STAGE
@ W .
N ,@"\\\‘ Vi ‘7
AT L

i M,

» DESCENT STAGE @)

LM Configuration

LV-2 ? umman
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ASCENT STAGE

The ascent stage, control center of the LM, is
comprised of three main areas: crew compartment,
midsection, and equipment bay.

The crew compartment and midsection make up
the cabin, which has an overall volume of 235
cubic feet. The basic structure is primarily
aluminum alloy; titanium is used for fittings and
fasteners. Aircraft-type construction methods are
used. Skin and web panels are chemically milled to
reduce weight. Mechanical fasteners join the major
structural assemblies with epoxy as a sealant.
Structural members are fusion welded wherever
possible, to minimize cabin air pressurization leaks.
The basic structure includes supports for thrust
control engine clusters and various antennas. The
entire basic structure is enveloped by thermal
insulation and a micrometeoroid shield.

ANTENNA AFT EQUIPMENT
SUPPORTS MIDSECTION BAY

THERMAL AND CREW TCA
MICROMETEOROID COMPARTMENT CLUSTER
SHIELD SUPPORT

Ascent Stage Structure
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The ascent stage is designed to: station is at the |eft; the LM Pilot's at the right
The flight-station centerlines are 44 inches apart.

Provide a controlled environment for the two For maximum downward vision the upper part of
astronauts while separated from the CSM. the compartment is constructed to extend forward

of the lower portion. The area has control and
display panels, body restraints, landing aids, a front
window for each astronaut, a docking window
above the Commander’s station and other acces-

Provide required visibility for lunar landing,
stay, and ascent; and for rendezvous and dock-
ing with the CM.

Provide for astronaut and equipment transfer sory equipment. Each flight station has an attitude
between the LM and CM and between the LM controller, a thrust/translation controller, and
and the lunar surface. adjustable armrests. There is a hatch in the front

face assembly of the compartment.
Protect the astronauts and the equipment from
micrometeoroid penetration.

A portable life support system (PLSS) donning

CREW COMPARTMENT station is behind the optical alignment station.

Attachment points for an S-band in-flight antenna

The crew compartment is the frontal area of the are provided on the front face assembly and for a

ascent stage; it is cylindrical (92 inches in diameter rendezvous radar antenna on the upper structural
and 42 inches deep). The Commander's flight beams of the crew compartment.

FORWARD
WINDOW
(BOTH SIDES)

COMMANDER'S
CONTROL
PANEL

STOWAGE

HATCH CONTROL PANELS

Crew Compartment Interior
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The crew compartment deck (flight station
floor) measures approximately 36 by 53 inches.
Nonflammable Velcro pile is bonded to the decks’
top surface; a hooked Velcro on the soles of the
astronauts’ boots provides a restraining force to
hold the astronaut to the deck during zero-g flight.
Handgrips, aligned with the forward hatch and
recessed in the deck, aid ingress and egress.

The control and display panels contain all
devices necessary to control, monitor, and observe
subsystems performance. The arrangement of the
panels permits either astronaut to fly the LM to
the CSM. All panels are canted to facilitate view-
ing. Six of the panels are in front of the flight
stations. The upper two panels — one inboard of
each flight station — are at eye level. These panels
are shock mounted to dampen vibrations. The next
two lower panels are centered between the flight
stations to enable sharing of the control functions.
One of the remaining two front panels is in front
of each flight station, at waist height. The
Commander’s panel contains lighting, mission
timer, engine, and thrust chamber controls. The
LM Pilot’'s panel has abort guidance subsystem
controls. To the left of the Commander’s station
are three panels: a five-tier circuit breaker panel at
the top, an explosive devices and communications
audio control panel, and an earth and lunar orbital
rate display panel. To the right of the LM Pilot’s
station are three panels: the uppermost is a four-
tier circuit breaker panel, the center panel contains
controls and displays for electrical power, and the
bottom panel contains communications controls
and displays. The circuit breaker panels are canted
to the line of sight so that the white band on each
circuit breaker can be seen when the breakers are
open.

FORWARD HATCH

The forward hatch is in the front face assembly,
just below the lower display panels. The hatch is
used for transfer of astronauts and equipment
between the LM and lunar surface, or for in-flight
extravehicular activity (EVA) while docked with
the CM. The hatch is approximately 32 inches
square; it is hinged to swing inboard when opened.
A cam latch assembly holds the hatch in the closed
position; the assembly forces a lip, around the
outer circumference of the hatch, into a preloaded

elastomeric silicone compound seal secured to the
LM structure. Cabin pressurization forces the hatch
lip further into the seal, ensuring a pressure-tight
contact. A handle is provided on both sides of the
hatch, for latch operation. To open the hatch, the
cabin must be completely depressurized by
opening a cabin relief and dump valve on the
hatch. When the cabin is completely depressurized,
the hatch can be opened by rotating the latch
handle. The cabin relief and dump valve can also be
operated from outside the LM. Quick-release pins
in the latch plate and hinges may be pulled from
inside the LM to open the hatch in an emergency.

An antibacterial filter is stowed at the center of
the hatch inside surface. Before depressurizing the
cabin for egress to the lunar surface, the filter is
affixed to the cabin relief and dump valve to
prevent cabin air contaminants from being
expelled.

WINDOWS

The two triangular windows in the front face
assembly each have approximately 2 square feet of
viewing area; they are canted down to the side to
permit adequate peripheral and downward visi-
bility. The docking window above the Com-
mander’s flight station has approximately 80
square inches of viewing area and provides visibility
for docking maneuvers. All three windows consist
of two separated panes, vented to space. The outer
pane is of low-strength, annealed material that
inhibits micrometeoroid penetration. The outer
surface of this pane is coated with 59 layers of
blue-red thermal control, metallic oxide, to reduce
infrared and ultraviolet light transmission. The
inner surface of the outer pane has a high-
efficiency, antireflective coating. This coating is
also a metallic oxide, which reduces the mirror
effect of the windows and increases their normal
light-transmission efficiency. The inner pane of
each window is of chemically tempered, high-
strength structural glass. The inner pane of the
front windows has a seal {the docking window has
two seals) between it and the window frame and is
bolted to the frame through a metal retainer. The
inner pane has the high-efficiency antireflective
coating on its inner surface and a defogging coating
on its outer surface.
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All three windows are electrically heated to pre-
vent fogging. The temperature of the windows is
not monitored. Heater operation directly affects
crew visibility; proper operation is, therefore,
visually determined by the astronauts.

A window shade, with an antireflective coating
on its outboard side, is provided for each window.
Normally, the shade is rolled up at the window
edge. A glareshield mounted between each front
window and the control and flight display panels
reduces window reflection of internal panel
lighting.

EQUIPMENT STOWAGE

Underneath the control and display panels to
the right of the LM Pilot’s station is a compart-
mented cabinet. Equipment used during the
mission is stowed in this cabinet. This equipment
includes food, personal hygiene items, EVA waist
tethers, a camera, camera lens filters, a spare light
butb, and a multipurpose special tool having a
modified Allen-head. A similar cabinet to the left
of the Commander's station contains a spare
Environmental Control Subsystem (ECS) lithium

hydroxide canister, waste collection containers, a
PLSS lithium hydroxide cartridge, and a PLSS
condensate container.

MIDSECTION

From the flight stations, the astronauts have an
18-inch step up into the midsection, which is
immediately aft of the crew compartment.
Normally, the midsection is not manned: it is tra-
versed by the astronauts upon entering and exiting
the LM after docking. The midsection is 54 inches
deep and approximately 5 feet high. The internal
shape is elliptical, with a minor axis of approxi-
mately 56 inches. The midsection houses the
ascent engine assembly, part of which protrudes up
through the lower deck. ECS components, a
water-dispensing fire extinguisher, a container for
lunar samples, and life support and communi-
cations umbilicals are installed on the right side of
the midsection. Along the left side, is the waste
management system and an oxygen purge system.
This side also contains stowage for food, lunar
overshoes, a pilot’s reference kit, and miscellaneous
containers. Components of the Electrical Power
Subsystem (EPS) and the Guidance, Navigation,

Midsection Interior
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and Control Subsystem (GN&CS) are mounted on
the aft bulkhead. A cylindrical cover protects the
accessories section of the protruding part of the
engine. The top of the cover is used as a rest posi-
tion for one of the astronauts and as a platform for
initially observing the lunar surface through the
overhead (docking) hatch. Above the hatch is a
docking tunnel; directly forward of the hatch,
PLSS fittings are mounted. These fittings aid the
astronauts in donning their PLSS units.

Construction of the midsection is similar to that
of the crew compartment, but the midsection has a
bulkhead at each end. The aft bulkhead supports
the aft equipment bay structure. In addition to the
lower deck to which the ascent engine is mounted,
there are two others. One of these supports the
overhead hatch and the lower end of the docking
tunnel; the other, supports the upper end of the
docking tunnel and absorbs some of the stresses
imposed during docking. All decks are made of
integrally stiffened machined aluminum alloy, or
reinforced chemically milled web. The exterior
structure forms a cradle around the midsection to
absorb or transmit all stress loads applied to the
ascent stage. Stress loads applied to beams on top
of the crew compartment are transmitted through
midsection beams, to the aft bulkhead and, in turn,
to the interstage fittings. The external structure,
along the sides of the midsection, supports pro-
pellant subsystem storage tanks and S-band
steerable and VHF in-flight antennas. The aft mid-
section bulkhead supports propellant and ECS
tanks, an aft equipment rack assembly and the
Reaction Control System (RCS) two aft thrust
clusters. A docking target, used for aligning the LM
with the CSM during docking, is mounted on the
upper left structure of the midsection exterior,

OVERHEAD HATCH

The overhead hatch, approximately 33 inches in
diameter, is at the top centerline of the midsection.
When the LM and CM are docked, the hatch
permits transfer of astronauts and equipment. The
astronauts pass through the hatch, head first.
Handgrips in the docking tunnel immediately
above the hatch aid in crew and equipment trans-
fer. The hatch has an off-center latch that can be
operated from either side of the hatch. The hatch

is opened inward by rotating the latch handle 90°.
A preloaded elastomeric silicone compound seal is
mounted in the hatch frame structure. When the
latch is closed, a lip near the outer circumference
of the hatch enters the seal, ensuring a pressure
tight contact. Normal cabin pressurization forces
the hatch into its seal. To open the hatch, the
cabin must be depressurized by opening a cabin
relief and dump valve, which is within the hatch
structure. The valve can be operated with a handle
on each side of the hatch.

DOCKING TUNNEL

The docking tunnel, immediately above the
overhead hatch, provides a structural interface
between the LM and the CM to permit transfer of
equipment and astronauts without exposure to
space environment. The tunnel is 32 inches in
diameter and 18 inches long. A ring at the top of
the tunnel is compatible with a docking ring on the
CM. The CM docking ring has automatic clamping
latches. The ring is concentric with the nominal
centerline of thrust of the ascent and descent
engines. The drogue, a portion of the docking
mechanism, is secured below the ring to three
mounts in the LM tunnel so that it can mate with
the docking probe of the CM. When the CM and
LM are docked, the rings are joined; this ensures
structural continuity for transmitting midcourse
correction and lunar orbit injection stresses
throughout vehicle basic structure.

AFT EQUIPMENT BAY

The aft equipment bay is an unpressurized area
formed by the aft midsection butkhead and the
equipment rack, which is cantilevered approxi-
mately 33 inches aft of the bulkhead. The equip-
ment rack assembly has integral cold rails that
transfer heat from electronic and electrical equip-
ment (components of the GN&CS, EPS, and
Communications Subsystems) mounted on the
rack. The cold rails are mounted vertically in the
rack structural frame. Water-glycol flows through
the cold rails.

Two gaseous oxygen tanks and two gaseous
helium tanks are secured to the truss members
between the midsection aft bulkhead and the
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equipment rack. ECS and Main Propulsion Sub-
system components that do not require a pres-
surized environment or acesss by the astronauts are
mounted to the outboard side of the aft bulkhead.
The equipment rack and the aft bulkhead support
the aft RCS thrust clusters.

THERMAL AND MICROMETEOROID SHIELD

After the LM is removed from the spacecraft-
Lunar Module adapter (SLA), it is exposed to
micrometeoroids and solar radiation. To protect
the LM astronauts and equipment from tempera-
ture extremes, active and passive thermal control is
used. Active thermal control is provided by the
ECS. Passive thermal control isolates the vehicle
interior structure and equipment from its external
environment to sustain acceptable temperature
limits throughout the lunar mission. The entire
ascent stage structure is enclosed within a thermal
blanket and a micrometeoroid shield. Glass fiber

B R e INCONEL
LI o BV INCONEL MESH
NICKEL FOIL

ALUMINUM SHIELD

——— ALUMINIZED
POLYIMIDE (H-FILM)

———— ALUMINIZED
_——————=——————x pPOLYIMIDE (MYLAR)

ALUMINUM
L £ STRUCTURAL SKIN
R-6

Typical Thermal Blanket and Micrometeoroid Shield

standoffs, of low thermal conductivity, hold the
blanket away from the structural skin. Aluminum
frames around the propellant tanks prevent contact
between tanks and blanket. The thermal blanket
consists of multiple-layered (at least 25 layers) of
aluminized sheet (mylar or H-film). Each layer is
only 0.00015 inch thick and is coated on one side
with a microinch thickness of aluminum. To make
an even more effective insulation, the polyimide

sheets are hand crinkled before blanket fabrication.
This crinkling provides a path for venting, and
minimizes contact conductance between the layers.
Structures with a high thermal conductivity, such
as antenna supports and landing gear members,
that pass through the thermal blanket also have
thermal protection. Individual blanket layers are
overlapped and sealed with a continuous strip of
H-film tape. To join the multilayered sections, the

TAPE

| 2-3% IN. !

TAPED FOLDED SEAM

Thermal Blanket Joining Techniques

blanket edges are secured with grommet type
fasteners, then the seam is folded and sealed with a
continuous strip of tape. Mylar sheets are used
predominantly in those areas where temperatures
do not exceed 300° F. In areas where higher
temperatures are sustained, additional layers of
H-film are added to the mylar sheets. H-film can
withstand temperatures up to 1000° F, but,
because it is a heavier material, it is used only
where absolutely necessary. Certain areas of the
ascent stage are subjected to temperatures as high
as 1800° F due to CSM and LM RCS plume
impingement. These areas are thermally controiled
by a sandwich material of thin nickel foil {(0.0005
inch) interleaved with Inconei wire mesh and
Inconel sheet. Finally, the highly reflective surfaces
of the shades provided for the front and docking
windows reduce heat absorption.
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The micrometeoroid shield, outboard of the
thermal blanket, is a sheet of aluminum that varies
in thickness from 0.004 to 0.008 inch, depending
on micrometeoroid-penetration vulnerability. It is
attached to the same standoffs as the thermal
blankets. Various thermal control coatings are
applied to the outer surface of the shield to
provide an additional temperature boundary for
vehicle insulation against space environment.

DESCENT STAGE

The descent stage is the unmanned portion of
the LM; it represents approximately two-thirds of
the weight of the LM at the earth-launch phase.
This is because the descent engine is larger than the
ascent engine and it requires a much larger pro-
pellant load. Additionally, its larger proportion of

LANDING GEAR

Descent Stage
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weight results from necessity of the descent stage

to:

(1) Support the entire ascent stage.

(2) Provide for attachment of the landing gear.

(3) Support the complete LM in the SLA.

(4) Provide structure to support the scientific
and communications equipment to be used
on the lunar surface.

{5) Act as the launching platform of the ascent
stage.

The main structure of the descent stage consists
of two pairs of parallel beams arranged in a cruci-
form, with a deck on the upper and lower surfaces,
approximately 65 inches apart. The ends of the
beams, approximately 81 inches from the center,
are closed off by aluminum beams to provide five

QUADRANT QUADRANT THERMAL
3 AND MICRO-

4
METEOROID
SHIELD
AFT DESCENT
INTERSTAGE ENGINE
FITTING COMPARTMENT
1\ S LN )
N _~ - \gg?’é:,}: X &

LM/SLA QUADRANT QUADRANT
ATTACHMENT 1 2
POINT

R-10
Descent Stage Structure

equally sized compartments: a center compart-
ment, one forward and one aft of the center com-
partment, and one right and one left of the center
compartment. A four-legged truss (outrigger) at the
end of each pair of beams serves as a support for
the LM in the SLA and as the attachment point for
the upper end of the landing gear primary strut.
Two of the four interstage fittings for attachment
of the ascent stage are mounted on the forward

compartment beams. The other two fittingss are on
the aft beam of theide compartments. The five
compartments formed by the main beams house
Main Propulsion Subsystem components. The
center compartment houses the descent engine,
which is supported by truss members and an engine
gimbal ring. Descent engine fuel and oxidizer tanks
are in the remaining compartments.

Struts between the ends of all main beams form
triangular bays, or quadrants, to give the descent
stage its octagon shape. The quadrants are desig-
nated 1 through 4, beginning at the left of the
forward compartment and continuing counter-
clockwise {as viewed from the top) around the
center. The quadrants house components from the
various subsystems. In addition, the S-band
antenna to be erected by the astronauts on the
lunar surface is stowed in quad No. 1; and the
modularized equipment stowage assembly (MESA),
in quad No. 4.

The MESA consists of television equipment,
equipment for obtaining and stowing lunar
samples, and PLSS components to be used by the
astronauts during the lunar stay.

THERMAL AND MICROMETEQROID SHIELD

The entire descent stage structure is enveloped
in a thermal and micrometeoroid shield similar to
that used on the ascent stage. Because the top deck
and side panels of the descent stage are subjected
to engine exhaust and RCS plume impingement,
these areas are extensively protected with a nickel
inconel mesh sandwich outboard of the mylar and
H-film blankets. A teflon-coated titanium blast
shield that deflects the ascent engine exhaust out
of and away from the descent engine compartment
is secured to the upper side of the compartment,
below' the thermal blanket. Layers of H-film,
joined to the blast deflector, act as an ablative
membrane which protects the descent stage from
ascent engine exhaust gases that are deflected
outward, between the stages, during lift-off from
the lunar surface. The engine compartment and the
bottom of the descent stage are subjected to
temperatures in excess of 1800° F when the des-
cent engine is fired. A special base heat shield pro-
tects the descent stage structure and internal com-
ponents. |t consists of a titanium shield attached to
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descent stage structure. The heat shield supports a
thermal blanket on each of its sides. The thermal
blanket that faces the engine nozzle consists of
multiple layers of nickel foil and glass wool and an
outer layer of H-film. This blanket acts as a pro-
tective membrane to withstand engine exhaust gas
back pressures at lunar touchdown and prevent
heat, absorbed by the lunar surface during LM
landing, from radiating back into the descent stage,
Twenty-five layers of H-film make up the blanket
on the other side of the titanium. A flange-like ring
of columbium backed with a fibrous (Min-K)
insulation is attached directly to the engine nozzle
extension and joined to the base heat shield by an
annular bellows of 25-layer H-film. This bellows
arrangement permits descent engine gimbaling, but
prevents engine heat from leaking into the engine
compartment.

LANDING GEAR

The landing gear provides the impact attenua-
tion required to land the LM on the lunar surface,
prevents tipover of the LM on a lunar surface with
a 6° general slope having 24-inch depressions or
protuberances, and supports the LM during lunar
stay and lunar launch. Landing impact is attenua-
ted to load levels that preserves the LM structural
integrity. At earth launch, the landing gear is
retracted to reduce the overall size. It remains
retracted until the docked CSM and LM attain
lunar orbit and the astronauts have transferred to
the LM. Before the LM is separated from the CSM,
the Commander in the LM operates the landing
gear deployment switch to extend the gear. At this
time landing gear uplocks are explosively released,
allowing springs in deployment mechanisms to
extend the gear. Once extended, the landing gear is
locked in place by downlock mechanisms.

The cantilever landing gear consists of four
assemblies, each connected to an outrigger that
extends from the ends of the structural parallel
beams. The landing gear assemblies extend from
the front, rear, and both sides of the descent stage.
Each assembly consists of struts, trusses, a footpad,
lock and deployment mechanisms, and a lunar sur-
face sensing probe. A ladder is affixed to the
forward gear assembly.
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The landing gear can withstand: (1) a 10-foot/
second vertical velocity of the LM when the
horizontal velocity is zero feet/second, (2) a
7-foot/second vertical velocity with a horizontal
velocity not exceeding 4 feet/second, and (3) a
vehicle attitude within 6° of the local horizontal
when the rate of attitude change is 2%second or less,

PRIMARY STRUT

The upper end of the primary strut is attached
to the outboard end of the outrigger; the lower end
has a ball joint for the footpad. The strut is of the
piston-cylinder type; it absorbs the compression
load of the lunar landing and supports the LM on
the lunar surface. Compression loads are attenua-
ted by a crushable aluminum-honeycomb cartridge
in each strut. Maximum compression length of the
primary strut is 32 inches. The aluminum honey-
comb has the shock-absorbing capability of accept-
ing one lunar landing. This may include one or two
bounces of the LM, but after the full weight of the
LM is on the gear, the shock-absorbing medium is
expended. Use of compressible honeycomb cart-
ridges eliminated the need for thick-walled, heavy-
weight, pneudraulic-type struts.
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Landing Gear Primary Strut

The footpad, attached to the strut by a ball-
socket fitting, is aluminum-honeycomb; its
diameter is 37 inches. This large diameter ensures
minimal penetration of the LM on low load-
bearing-strength lunar surface. During earth launch,
four restraining straps hold the pads in a fixed
position on the strut. The straps shear or bend on
pad contact with the lunar surface, permitting the
pad to conform to surface irregularities.

LUNAR SURFACE SENSING PROBE

The lunar surface sensing probe attached to each
landing gear footpad is an electromechanical
device. The probes are retained in the stowed posi-
tion, against the primary strut, until landing gear
deployment. During deployment, mechanical inter-
locks are released permitting spring energy to
extend the probes so that the probe head is
approximately 5 feet below the footpad. When any

probe touches the lunar surface, pressure on the
probe head will complete the circuit that advises
the astronauts to shut down the descent engine.
This shutdown point which determines LM velo-
city at impact, is a tradeoff between landing gear
design weight and the thermal and thrust reactions
caused by the descent engine operating near the
lunar surface. Each probe has indicator plates
attached to it, which, when aligned, indicate that
the probes are fully extended.

SECONDARY STRUTS

Each landing gear assembly has two secondary
struts. The outboard end of each strut is attached
to the primary strut; the inboard ends are attached
to a deployment truss assembly. Each strut is a
piston-cylinder-type device that contains compres-
sible aluminum honeycomb capable of absorbing
compression and tension loads. The design and the
location of the secondary struts in relation to the
primary strut enables the LM to land on an unsym-
metrical surface or to land when the LM is moving
laterally over the lunar surface.

UPLOCK ASSEMBLY

One uplock assembly is attached to each landing
gear assembly. It consists of a fixed link (strap) and
two end detonator cartridges in a single case. The
fixed link, attached between the primary strut and
the descent stage structure, holds the landing gear
in its retracted position. When the Commander
operates the landing gear deployment switch, it
activates an electrical circuit which explosively
severs the fixed link to permit the deployment
mechanism to extend the landing gear. When
detonated, either end cartridge has sufficient
energy to sever the fixed link.

DEPLOYMENT AND DOWNLOCK MECHANISM

The deployment portion of the deployment and
downlock mechanism consists of a truss assembly,
two clock-type deployment springs, and connec-
ting linkage. The truss, connecting the secondary
struts and descent stage structure, comprises two
side frame assemblies separated by a crossmember.
The deployment springs are attached, indirectly, to
the side frame assemblies through connecting
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Deployment and Downlock Mechanism

linkage. The downlock portion of the mechanism
consists of a spring-loaded lock and a cam follower.
The follower rides on a cam attached to the
deployment portion of the mechanism. When the
fixed link of the uplock assembly is severed, the
deployment springs pull the connecting linkage
and, indirectly, the deployment truss. This action
drives the landing gear from the stowed to the fully
deployed position. At full gear deployment, the
cam follower reaches a point that permits the
spring-loaded lock to snap over a roller on the truss
assembly. The lock cannot be opened. A landing
gear deployment talkback advises the astronauts
that the landing gear is fully deployed.

LADDER

The ladder affixed to the primary strut of the
forward landing gear assembly has nine rungs
between two railings. The rungs are spaced nine
inches apart; the railings have approximately 20
inches between centers. The top of the ladder is

approximately 18 inches below the forward end of
the platform on the outrigger; the ladder extends
down to within 30 inches of the footpad. This
allows the primary strut to telescope when the LM
impacts on the lunar surface.

PLATFORM

An external platform, approximately 32 inches
wide and 45 inches long is mounted over the for-
ward landing gear outrigger. The platform is just
below the forward hatch. The upper surface is
corrugated to facilitate hand and foot holds. The
platform, in conjunction with the ladder below it
provides the astronauts with a means of access
between the vehicle and the lunar surface and
between the LM interior and free space for EVA.

INTERFACES.

At earth launch, the LM is housed within the
SLA, which has an upper and a lower section. The
upper section has deployable panels, which are
jettisoned; the lower section has fixed panels. The
upper panels are deployed and jettisoned when the
CSM is separated from the SLA. During this separa-
tion phase, an explosive charge separates an umbili-
cal line that connectes the LM, SLA, and launch
umbilical tower. Before earth launch, this umbilical
enables monitoring, purging, and control of the LM
environment.

After transposition, the CSM docks with the
LM. A ring at the top of the ascent stage docking
tunnel provides a structural interface for joining
the CSM to the LM. The ring is compatible with a
clamping mechanism in the CSM docking ring. A
drogue, which mates with the CSM docking probe,
is installed in the docking tunnel, just below the
ring. The probe provides initial vehicle soft docking
and attenuates impact imposed by contact of the
CSM and LM. After the CSM probe and drogue
have joined, latches around the periphery of the
CSM docking ring engage to effect full structural
continuity and a pressure-tight seal between the
vehicles. After docking has been completed, the
astronauts connect electrical umbilicals in the CSM
and the LM. These umbilicals provide electrical
power to the LM, for separation from the SLA.
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LM Interface with SLA

Pads at the apex of the descent stage out-
riggers mate with attachment fittings in the
SLA. Tiedown tension straps, which are explo-
sively released hold the pads against the LSA
attachment fittings. When the CSM and the LM
have docked, an astronaut in the CM initiates
severence of the tiedown straps. After the straps
are severed, preloaded spring thrusters provide
positive separation of the LM from the SLA.

EXPLOSIVE DEVICES

The explosive devices are electro chemical
devices, which are operated by the astronauts to
perform the following functions:

Propellant tank pressurization, so that the
ascent engine, descent engine, and Reaction
Control Subsystem can be operated

Ascent and descent stage separation to allow
the ascent stage to take off from the lunar
surface, or for a mission abort

Descent propellant tank venting after landing

Landing gear deployment

The LM has two types of explosive devices.
Generally, these devices consist of detonator
cartridges, containing high-explosive charges of
high yield; and pressure cartridges, containing
propellant charges of relatively low vyield. An
electrical signal, originated by the Commander
through control switches, triggers an initiator,
which fires the cartridges.

? wmman LV-13
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LANDING GEAR DEPLOYMENT

Each of the four landing gear assemblies is
restrained in the stowed position by an uplock
assembly that contains two detonator cartridges.
While the LM is docked with the CM in lunar orbit,
the LM Commander fires both detonator cartridges
in each uplock assembly to deploy the landing
gear. When all four landing gear assemblies have
been deployed, a landing gear deployment indica-
tor flag (talkback) on the control panel turns gray.

REACTION CONTROL SUBSYSTEM
PROPELLANT TANK PRESSURIZATION

The Reaction Control Subsystem fuel and oxidi-
zer tanks are pressurized immediately before
landing gear deployment. The Commander fires
two cartridges, which open dual, parallel helium
isolation valves, to pressurize the tanks. The sub-
system can then be operated to separate the LM
from the CM.

DESCENT PROPELLANT TANK
PRESSURIZATION

After the LM and CM separate, the astronauts
start the descent engine. However, before initiating
the start, the descent propellant tanks must be
pressurized. The Commander fires the compatibil-
ity valve cartridges, explosively opening the valves.
He then fires cartridges to explosively open the
ambient helium isolation valve. After the descent
engine is started, the cryogenic helium flows freely
to the descent engine fuel and oxidizer tanks,
pressurizing them.

DESCENT PROPELLANT TANK VENTING

After lunar landing, the Commander simultane-
ously opens two explosive vent valves to accom-
plish planned depressurization of the descent
propellant tanks. This protects the astronauts,
when outside the LM, against untimely venting of
the tanks through the relief valve assemblies.

STOWED POSITION

DEPLOYED POSITION

Landing Gear Deployment

LV-16 ? wmman
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ASCENT PROPELLANT TANK
PRESSURIZATION

After lunar stay, the astronauts take off from
the lunar surface in the ascent stage. This requires
pressurization of the ascent propellant tanks
shortly before initial start of the ascent engine. To
accomplish pressurization, the Commander fires
explosive valve cartridges, which simultaneously
open helium isolation valves and fuel and oxidizer
compatibility valves. This permits helium to pres-
surize the ascent fuel and oxidizer tanks.

B

4—-——NUT

CARTRIDGE
ASSEMBLY

BOLT ASSEMBLY

BOLT
CARTRIDGE
ASSEMBLY

BEFORE FIRING AFTER FIRING
R-18

Lxplosive Nuts and Bolts
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Explosive Guillotine

STAGE SEPARATION

The ascent and descent stages are separated
immediately before lunar lift-off or in the event of
mission abort. The Commander sets control
switches to initiate a controlled sequence of stage
separation. First, all signal and electrical power
between the two stages is terminated by explosive
circuit interrupters. Next, explosive nuts and bolts
joining the stages are ignited. Finally, an explosive
guillotine (cable cutter assembly) automatically
severs all wires, cables, and water lines connected
between the stages. Stage separation completed,
operation of its engine can propel the ascent stage
into lunar orbit for rendezvous with the CM.
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CREW PERSONAL EQUIPMENT

Crew personal equipment includes a variety of
mission-oriented equipment required for life
support and astronaut safety and accessories
related to successful completion of the mission.

These equipments range from astronaut space
suits and docking aids to personal items stored
throughout the cabin. The Modularized Equipment
Stowage Assembly (MESA) and the early Apolio
scientific experiments payload (EASEP) is stored
in the descent stage and on the MESA.

This equipment is used for sample and data
collecting and scientific experimenting. The
resultant data will be used to derive information on
the atmosphere and distance between earth and
moon.

The portable life support system (PLSS) inter-
faces with the Environmental Control Subsystem
(ECS) for refills of oxygen and water. The pressure
garment assembly (PGA) interfaces with the ECS
for conditioned oxygen, through oxygen umbili-
cals, and with the Communications and Instru-
mentation Subsystems for communications and
bioinstrumentation, through the electrical
umbilical.

EXTRAVEHICULAR MOBILITY UNIT

The extravehicular mobility unit (EMU) pro-
vides life support in a pressurized or unpressurized
cabin, and up to 4 hours of extravehicular life
support.

In its extravehicular configuration, the EMU is a
closed-circuit pressure vessel that envelops the
astronaut. The environment inside the pressure
vessel consists of 100% oxygen at a nominal pres-
sure of 3.75 psia. The oxygen is provided at a flow
rate of 6 cfm. The extravehicular life support
equipment configuration includes the following:

Liquid cooling garment (LCG)

Pressure garment assembly (PGA)
Integrated thermal micrometeoroid garment
(1ITMG)

Portable life support system (PLSS)
Oxygen purge system (OPS)
Communications carrier

EMU waste management system

EMU maintenance kit

PLSS remote control unit
Extravehicular visor assembly (EVvaA)
Biomedical belt

LIQUID COOLING GARMENT

The liquid cooling garment (LCG) is worn by
the astronauts while in the LM and during all extra-
vehicular activity. It cools the astronaut’s body
during extravehicular activity by absorbing body
heat and transferring excessive heat to the sub-
limator in the PLSS. The LCG is a one-piece, long-
sleeved, integrated-stocking undergarment of
netting material. It consists of an inner liner of
Beta cloth, to facilitate donning, and an outer layer
of Beta cloth into which a network of Tygon
tubing is woven. The tubing does not pass through
the stocking area. A double connector for in-
coming and outgoing water is located on the front
of the garment. Cooled water, supplied from the
PLSS, is pumped through the tubing. Pockets for
bioinstrumentation signal conditioners are located
around the waist. A zipper that runs up the front is
used for donning and doffing the LCG; an opening
at the crotch is used for urinating. Dosimeter
pockets and snaps for attaching a biomedical belt
are part of the LCG.

PRESSURE GARMENT ASSEMBLY

The pressure garment assembly (PGA) is the
basic pressure vessel of the EMU. It provides a
mobile life-support chamber if cabin pressure is
lost due to leaks or puncture of the vehicle. The
PGA consists of a helmet, torso and limb suit,
intravehicular gloves, and various controls and
instrumentation to provide the crewman with a
controlled environment. The PGA is designed to be
worn for 115 hours, in an emergency, at a reg-
ulated pressure of 3.75% (.25 psig, in conjunction
with the LCG.
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The torso and limb suit is a flexible pressure
garment that encompasses the entire body, except
the head and hands. It has four gas connectors, a
PGA multiple water receptacle, a PGA electrical
connector, and a PGA urine transfer connector for
the PLSS/PGA and ECS/PGA interface. The PGA
connectors have positive locking devices and can be
connected and disconnected without assistance.
The gas connectors comprise an oxygen inlet and
outlet connector, on each side of the suit front
torso. Each oxygen inlet connector has an integral
ventilation diverter valve. The PGA multiple water
receptacle, mounted on the suit torso, serves as the
interface between the LCG multiple water con-
nector and PLSS multiple water connector. A pro-
tective external cover provides PGA pressure
integrity when the LCG multiple water connector
is removed from the PGA water receptacle. The
PGA electrical connector, provides a communi-
cations, instrumentation, and power interface to
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the PGA. The PGA urine transfer connector on the
suit right leg is used to transfer urine from the
urine collection transfer assembly (UCTA) to the
waste management system.

The urine transfer connector, permits dumping
the urine collection bag without depressurizing the
PGA. A pressure relief valve on the suit sleeve, near
the wrist ring, vents the suit in the event of over-
pressurization. If the valve does not open, it can be
manually overridden. A pressure gage on the other
sleeve indicates suit pressure.

The helmet is a Lexan (polycarbonate)} shell
with a bubble-type visor, a vent-pad assembly,
and a helmet attaching ring. The vent-pad assem-
bly permits a constant flow of oxygen over the
inner front surface of the helmet. The astronaut
can turn his head within the helmet neck-ring
area. The helmet does not turn independently of
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the torso and limb suit. The helmet has provi-
sions on each side for mounting an extravehicular
visor assembly (EVVA)}). When the LM is un-
occupied, the helmet protective bags are stowed
on the cabin floor at the crew flight stations.
Each bag has a hollow-shell plastic base with a
circular channel for the helmet and the EVVA,
two recessed holes for glove connector rings, and
a slot for the EMU maintenance kit. The bag is
made of Beta cloth, with a circumferential zipper;
it folds toward the plastic base when empty.

The intravehicular gloves are worn during oper-
ations in the LM cabin. The gloves are secured to
the wrist rings of the torso and limb .suit with a
slide lock; they rotate by means of a ball-bearing
race. Freedom of rotation, along with convoluted
bladders at the wrists and adjustable anti-
ballooning restraints on the knuckle areas,
permits manual operations while wearing the
gloves.

All PGA controls are accessible to the crewman
during intravehicular and extravehicular opera-
tions. The PGA controls comprise two ventilation
diverter valves, a pressure relief valve with manual
override, and a manual purge valve. For intra-
vehicular operations, the ventilation diverter
valves are open, dividing the PGA inlet oxygen
flow equally between the torso and helmet of the
PGA. During extravehicular operation, the ventila-
tion diverter valves are closed and the entire
oxygen flow enters the helmet. The pressure
relief valve accommodates flow from a failed-
open primary oxygen pressure regulator. If the
pressure relief wvalve fails open, it may be
manually closed. The purge valve interfaces with
the PGA through the PGA oxygen outlet con-
nector. Manual operation of this valve initiates an
8 pound/hour purge flow, providing CO2 washout
and minimum cooling during contingency or emer-
gency operations.

A pressure transducer on the right cuff indi-
cates pressure within the PGA. Biomedical
instrumentation comprises an EKG (heart) sensor,
ZPN (respiration rate) sensor, dc-to-dc converter,
and wiring harness. A personal radiation dosi-
meter ({active) is attached to the integrated

thermal micrometeoroid garment for continuous
accumulative radiation readout. A chronograph
wristwatch (elapsed-time indicator) is readily
accessible to the crewman for monitoring.

COMMUNICATIONS CARRIER

The communications carrier {cap) is a poly-
urethane-foam headpiece with two independent
earphones and microphones, which are connected
to the suit 21-pin communications electrical
connector. The communications carrier is worn
with or without the helmet during intravehicular
operations. It is worn with the helmet during
extravehicular operations.

INTEGRATED THERMAL MICROMETEOROID
GARMENT

The ITMG, worn over the PGA, protects the
astronaut from harmful radiation, heat transfer,
and micrometeoroid activity. It is a one-piece,
form-fitting, multilayered garment that is laced
over the PGA and remains with it. The EVVA,
gloves, and boots are donned separately. From
the outer layer in, the ITMG is made of a pro-
tective cover, a micrometeoroid-shielding layer, a
thermal-barrier blanket (multiple layers of alum-
inized mylar), and a protective liner. A zipper on
the ITMG permits connecting or disconnecting
umbilical hoses. For extravehicular activity, the
PGA gloves are replaced with the extravehicular
gloves. The extravehicular gloves are made of the
same material as the ITMG to permit handling
intensely hot or cold objects outside the cabin
and for protection against lunar temperatures.
The extravehicular boots (lunar overshoes) are
worn over the PGA boots for extravehicular
activity. They are made of the same material as
the ITMG. The soles have additional insulation
for protection against intense temperatures,

The EVVA provides protection against solar
heat, space particles, and radiation, and helps to
maintain thermal balance. The two pivital visors of
the EVVA may be attached to a pivot mounting on
the PGA helmet. The lightly tinted (inner) visor
reduces fogging in the helmet. The outer visor has
a vacuum deposited, gold-film reflective surface,
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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.

EC-4 ? tumman
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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.

? tumman. EC-7
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From the check valve, the conditioned oxygen
passes through a sublimator to the cooling heat
exchanger. The sublimator cools the oxygen under
emergency conditions. Heat transfer to the coolant
in the heat exchanger reduces gas temperature and
causes some condensation of water vapor.

The conditioned oxygen is next routed to two
parallel-redundant water separators through the
water separator selector valve. One separator, selec-
ted by pushing or pulling the water separator
selector valve handle, is operated at a time. The
separator is driven by the gas flowing through it.
Moisture removed from the oxygen is discharged
under a dynamic head of pressure sufficient to
ensure positive flow from the separator to the
WMS. A water drain carries some water from the
separators to a surge (collection) tank outside the
recirculation system.

The conditioned oxygen from the water separa-
tor is mixed with makeup oxygen from the
OSCPCS to maintain system pressure. The mixture
flows through the regenerative (heating) heat
exchanger, where the temperature may be
increased, to the suit isolation valves. The suit tem-
perature control valve on the water control module
controls the flow of coolant through the regenera-
tive heat exchanger. Setting the valve to the
increase hot position increases oxygen tempera-
ture; setting it to decrease cold position reduces
the temperature.

SUIT LIQUID COOLING ASSEMBLY

The suit liquid cooling assembly assists in
removing metabolic heat by circulating cool water
through the liquid cooled garment (LCG). A pump
maintains the flow of warm water returning from
the LCG through the water umbilicals. An accumu-
lator in the system compensates for volumetric
changes and leakage. A mixing bypass valve con-
trols the quantity of water that flows through the
water-glycol heat exchanger. This bypassed (warm)
water is mixed with the cool water downstream of

the heat exchanger, flows through the water umbil-
icals back to the LCG.

OXYGEN SUPPLY AND CABIN PRESSURE
CONTROL SECTION

The ECS descent stage oxygen supply hardware
consists of the following: a descent oxygen tank,
high-pressure fill coupling, high-pressure oxygen
control assembly, an interstage flex line, and a des-
cent stage disconnect. The descent tank pressure
transducer, part of the instrumentation subsystem,
generates an output proportionate to tank pressure.

The ascent stage oxygen supply hardware con-
sists of the following: an ascent stage disconnect,
interstage flex line, oxygen module, two ascent
oxygen tanks, a PLSS hose, PLSS oxygen dis-
connect, and the cabin pressure switch. Two
automatic cabin pressure relief and dump valves,
one in each hatch, are provided to protect the
cabin from overpressurization. Two ascent stage
tank pressure transducers and a selected oxygen
supply transducer, part of the IS, operate in
conjunction with the OSCPCS.

The OSCPCS stores gaseous oxygen, replenishes
the ARS oxygen, and provides refills for the PLSS
oxygen tank. Before staging, oxygen is supplied
from the descent stage oxygen tank. After staging,
or if the descent tank is depleted, the ascent stage
oxygen tanks supply oxygen to the oxygen control
module. The high-pressure assembly in the descent
stage, and the oxygen control module in the ascent
stage, contain the valves and regulators necessary
to control oxygen in the OSCPCS. The cabin relief
and dump valves vent excess cabin pressure.

A high-pressure regulator reduces descent tank
pressure, approximately 2,730 psia, to a level that
is compatible with the components of the oxygen
control module, approximately 900 psig. A series-
redundant overboard relief valve protects the oxy-
gen control module against excessive pressure
caused by a defective regulator or by flow through
the bypass relief valve. If the pressure on the outlet

90" rumman EC-9
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QuANTITY

PRESS REG A
VALVE

PRESS REG B
VALVE

NO. 1 no.2 U
A Oz ASCENTO, X
VALVE ‘ ‘ VALVE
5, w0 511 won ' — ‘ ‘
C W RESET DE¢
o ASC Y
/y’ ‘)'AS( ?
, y DESCENT O,
o~ VALVE CABIN
PLSS FILL
VALVE REPRESS Oy
VALVE

: INTERSTAGE

: DISCONNECT BURST

i OVERBOARD DIAPHRAGM »

N o RELIEF VALVE . 2

2o~

& -

5 PRESSURE

' REGULATOR

Fan TO CABIN
Rl HicH: (EMERGENCY
PORT PRESSURE AN,
FILL PORT

Oxygen Supply and Cabin Pressure Control Section, Flow Diagram

side of the regulator rises to a dangerous level, the
burst diaphragm assembly vents the high-pressure
assembly to ambient. A poppet in the burst dia-
phragm assembly reseats when pressure in the
high-pressure assembly is reduced to approximately
1,000 psig. Descent oxygen flow through the inter-
stage disconnect to the oxygen control module is
controlled with the descent oxygen shutoff valve.
The interstage disconnect acts as a redundant seal
to prevent loss of oxygen overboard after staging.

When ascent stage oxygen is required, the ascent
oxygen shutoff valves are used to select their
respective tank. A mechanical interfock prevents
the valves from being opened unless the descent
oxygen shutoff valve is closed. The mechanical
interlock may be overridden (if the descent oxygen

£C-10

shutoff valve cannot be closed and the ascent oxy-
gen shutoff valves must be opened) by pressing the
interlock override pushbutton on the oxygen
control module.

From the oxygen shutoff valves, oxygen is
routed to oxygen demand regulators, a PLSS fill
valve, and a cabin repressurization and emergency
oxygen valve. The PLSS fill valve connects the
PLSS oxygen tank through a flexible service hose.
A check valve in the PLSS disconnect is opened
when the hose is connected. The valve automa-
tically closes when the hose is disconnected. The
oxygen demand regulators maintain the pressure of
the suit circuit at a level consistent with normal
requirements. Both regulators are manually con-
trolled with a four-position handle; both are

? rwmman.

“ApolloNewsRef LM F.EC10.PICT” 272 KB 1999-02-04 dpi: 360h x 360v pix: 2651h x 3750v

| NASA Apollo Program Historical Information Page 0062 of 0281 |




NASA Apollo Lunar Module (LM) News Reference (1968)

APOLLO NEWS REFERENCE

ordinarily set to the same position. The CABIN
position is selected during normal pressurized-cabin
aperations, to provide oxygen at 4.8:0.2 psia.
Setting the requlators to the egress position main-
lains suit circuit pressure at 3.8t0.2 psia. The
direct O position provides an unregulated flow of
oxygen into the suit circuit. The close position
shuts off all flow through the regulator. In the
cabin and egress positions, the regulator is inter-
rally modulated by a reference pressure from the
suit circuit. The demand regulators are redundant;
=ither one can fulfill the ARS oxygen requirements.

If hoth demand regulators are set to the cabin or
firect O position and cabin pressure drops to 3.7
to 4.45 psia, the cabin pressure switch energizes
the cabin repressurization valve and oxygen flows
through the valve into the cabin. If cabin pressure
builds up to 4.45 to 50 psia, the cabin pressure
switch deenergizes the valve solenoid, shutting off
the oxygen flow. The valve can maintain cabin
pressure at 3.5 psia for at least 2 minutes following
a 5.0-inch-diameter puncture of the cabin. It res-
ponds to signals from the cabin pressure switch
during pressurized-cabin operation and to a suit cir-
cuit pressure switch during unpressurized opera-
tion. Manual override capabilities are provided.

Both cabin relief and dump valves (one in the
forward hatch, the other in the overhead hatch) are
manually and pneumatically operated. They pre-
vent excessive cabin pressure and permit deliberate
cabin depressurization. The valves automatically
relieve cabin pressure when the cabin-to-ambient
differential reaches 5.4 to 5.8 psid. When set to the
automatic position, the valves can be manually
opened with their external handle. The valve in the
overhead hatch can dump cabin pressure from 5.0
to 0.08 psia in 180 seconds without cabin inflow.
The valve in the forward hatch requires 310
seconds to dump the same amount of cabin pres-
sure because of the flow restriction caused by the
bacteria filter. In addition to relieving positive
pressure, the valves relieve a negative cabin pressure
condition.

To egress from the LM, the oxygen demand
regulators are set to the egress position, turning off
the cabin fans and closing the suit gas diverter

valve; the cabin gas return valve is set to the egress
position; and cabin pressure is dumped by opening
the cabin relief and dump valve. A bacteria filter
on the cabin side of the cabin relief and dump
valve in the forward hatch removes 95% of all
bacteria larger than 0.5 micron from the dumped
oxygen. When repressurizing the cabin, the cabin
relief and dump valve is set to the automatic posi-
tion, the oxygen demand regulator valves are set to
the cabin position, and the cabin gas return valve is
set to the automatic position. The cabin warning
light goes on when the regulators are set to the
cabin position and goes off when cabin pressure
reaches the actuation pressure of the cabin pressure
switch.

WATER MANAGEMENT SECTION

The WMS stores water for metabolic consump-
tion, evaporative cooling, fire extinguishing, and
PLSS water tank refill. It controls the distribution
of this stored water and the water reclaimed from
the ARS by the water separators. Reclaimed water
is used only for evaporative cooling, in the ECS
sublimators. Water is stored in a tank in the des-
cent stage and two identical smaller tanks in the
upper midsection of the ascent stage. All three
tanks are bladder-type vessels, which are pressuri-
zed with nitrogen before launch. The controls for
the WMS are grouped together on the water
control module located to the right rear of the LM
Pilot’s station.

Water from the descent stage water tank is fed
through a manually operated shutoff valve and a
check valve to the PLSS water disconnect. Water
quantity is determined by a water quantity measur-
ing device, which senses the temperature/pressure
ratio of the tank-pressurizing nitrogen, computes
the volume of the water, and generates an output
analagous to that volume. The output is displayed
on the HyO quantity indicator after the Op/Ho0
quantity monitor selector switch is set to the
descent position. If the quantity of water in the
tank drops to 16%, the water quantity caution
light goes on. When the descent Hp0 valve is
opened, high-pressure water is available for
drinking, food preparation, PLSS fill, and fire
extinguishing.
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When the vehicle is staged, the descent interstage
water feed line is severed by the interstage umbili-
cal guillotine, and water is supplied from the ascent
stage water tanks. Water quantity is monitored on
either ascent water tank as required by switching.
The water quantity caution light goes on when a
less-than-full condition exists in either tank or
when the tank water levels are unequal. Water from
ascent stage water tank No. 1 is fed to the PLSS
water disconnect through the ascent water valve
for drinking, food preparation, PLSS fill, and fire
extinguishing.

Water from the three water tanks enters the
water tank selector valve, which consists of two
water diverting spools. Setting the valve to the
descent or ascent position determines which tank is
on-line,

When using the descent tank, water is supplied
to the primary manifold (which consists of the pri-
mary pressure regulators and the primary evapora-
tor flow No. 2 valve) by setting the water tank
select valve to descent. The water flows through the
series primary pressure regulators, which control
water discharge pressure, in response to suit circuit
gas reference pressure, at 0.5 to 1.0 psi above this gas
pressure. With the primary evaporator flow valve
opened, the water is routed to the primary sub-
limator. Discharge water from the water separator
is routed through the secondary spool of the
selector valve and joins the water from the primary
pressure regulators. Setting the selector valve to
ASC routes water from the ascent tanks through
the primary pressure regulators and, with the
primary evaporator flow No. 1 valve opened, to the
primary sublimator. Water flow from the water
separators is not changed by selection of the ASC
position. If the primary pressure regulators fail, an
alternative path to the primary sublimator is pro-
vided with the primary evaporator flow No. 2 valve
opened. Water then flows directly from the ascent
water tanks through the secondary pressure regula-
tor and the primary evaporator flow No. 2 valve to
the primary sublimator.

Under emergency conditions (failure of the
primary HTS loop), water from the ascent tanks is
directed through the secondary manifold

(secondary pressure regulator) to the secondary
sublimator and the suit circuit sublimator by
opening the secondary evaporator flow valve.
Discharge water from the water separators is also
directed to the sublimator.

HEAT TRANSPORT SECTION

The HTS consists of two closed loops (primary
and secondary) through which a water-glycol solu-
tion is circulated to cool the suit circuits, cabin
atmosphere, and electronic equipment. Coolant is
continuously circulated through cold plates and
cold rails to remove heat from electronic equip-
ment and batteries. For the purpose of clarity, the
primary and secondary coolant loops, and the
primary and secondary coolant loop cold plates
and rails are discussed separately in the following
paragraphs. When necessary, the primary loop is
also a heat source for the cabin atmosphere. Heat is
removed by absorption and is rejected to space by
process of sublimation.

The primary coolant loop is charged with cool-
ant at the fill points and is then sealed. The glycol
pumps force the coolant through the loop. The
glycol accumulator maintains a constant head of
pressure (5.25 to 9 psia, depending on coolant
level) at the inlets of the primary loop glycol
pumps. Coolant temperature at the inlets is
approximately +40°F. A switch in a low-level
sensor trips when only 10:5% of coolant volume
remains in the accumulator. When tripped, the
switch provides a telemetry signal and causes the
glycol caution light to go on.

The coolant is routed to the pumps through a
filter. They are started by closing the appropriate
circuit breakers and setting the glycol selector
switch to pump 1 or pump 2. If the operating
pump does not maintain a minimum differential
pressure (AP) of 72 psi, the AP switch generates a
signal to energize the ECS caution light and the
glycol component caution light. Selecting the other
pump deenergizes the lights when the onstream
pump develops a minimum AP of 5.0 to 9.0 psi.
If both pumps fail, the secondary loop is activated
by setting the water tank selector valve to the
secondary, setting the glycol pump switch to INST
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(SEC), and closing the glycol pump secondary
circuit breaker. Automatic transfer to primary
pump No. 1 to primary pump No. 2 is initiated by
closing the glycol automatic transfer circuit
breaker and setting the selector switch to pump 1.
When transfer is necessary, the caution lights go
on, the transfer is accomplished, and the ECS cau-
tion light goes off. The glycol pump component
light remains on.

If primary loop AP exceeds 33 psi, the pump
bypass relief valve opens and routes the coolant
back to the pump inlet, relieving the pressure. The
valves start to open at 33 psi, are fully open at a

’////////////////////I
%

Heat Transport Section, Flow Diagram
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maximum of 39 psia, and reseat at a minimum of
32 psia. Check valves prevent coolant from feeding
back through an inoperative primary pump.

Part of the coolant leaving the recirculation
assembly flows to the suit circuit heat exchanger to
cool the suit circuit gas of the ARS. The remainder
of the coolant flows to the electronic equipment
mounted on cold plates. The flow paths then
converge and the coolant is directed to the liquid
cooling garment water glycol heat exchanger to
cool suit water as required. The coolant then flows
through the aft equipment bay cold rails.

NASA Apollo Program Historical Information
\

Page 0066 of 0281 |




NASA Apollo Lunar Module (LM) News Reference (1968)

APOLLO NEWS REFERENCE

A portion of the warmer coolant flow can be
diverted to the suit circuit regenerative heat
exchanger through the suit temperature control
valve to increase suit inlet gas temperature. The
diverted flow returning from the heat exchanger,
combined with the bypassed coolant is routed to
the primary sublimator.

The sublimator decreases the temperature of the
coolant by rejecting heat to space through subli-
mation of water, followed by venting of generated
steam through an overboard duct. Deflector plates,
attached to the duct, prevent escaping steam from
applying thrust to the vehicle. Water is fed to the
sublimator at a pressure that exceeds 4.0 psia, but
is less than 6.5 psia. The water pressure must be
less than the suit circuit static pressure plus the
head pressure from the water separators to the
sublimator. The water regulators, referenced to suit
circuit pressure, are in the water feed line to the
sublimator. Regulated water pressure varies from
0.5 to 1.0 psid above suit circuit pressure. The
sublimator inlet outlet temperatures are sensed by
temperature transducers, which provide telemetry
signals. Coolant from the sublimator flows through
the ascent and descent battery cold rails, then
returns to the recirculation assembly.

Two self-sealing disconnects upstream and
downstream of the glycol pumps permit servicing
of the HTS. Interstage disconnects are installed in
coolant lines that connect to the descent stage.
Before staging, coolant flows through the ascent
and descent stage battery cold rails. After staging,
the interstage disconnects separate, the lines are
sealed by spring-loaded check valves, and the full
coolant flow enters the ascent stage battery cold
rails.

The secondary (emergency) coolant loop pro-
vides thermal control for those electronic
assemblies and batteries whose performance is

necessary to effect a safe return to the CSM.
Cooling is provided by the secondary sublimator.

As in the primary loop, a secondary glycol
accumulator provides pressure for the pump inlet
side and compensates for loss due to leakage. A
pump bypass relief valve relieves excessive pressure
by routing coolant back to the pump inlet. A
check valve at the discharge side of the glycol
pump prevents coolant flow from bypassing the
HTS during GSE operation. The coolant from the
pump passes through the check valve to the
secondary passage of the cold plates and cold rails
of the electronics and batteries cold plate section.
Waste heat is absorbed by the coolant. The warm
coolant then flows to the secondary sublimator.

The secondary sublimator operates in the same
manner as the primary sublimator in the primary
coolant loop. Water for the sublimator is provided
when the secondary evaporator flow valve is
opened. The coolant returns to the pump for
recirculation.

Equipment essential for mission abort s
mounted on cold plates and rails that have two
independent coolant passages, one for the primary
loop and one for the secondary loop.

PRIMARY COOLANT LOOP COLD PLATES
AND RAILS

The cold plates and rails in the primary coolant
loop are arranged in three groups: upstream elec-
tronics, aft equipment bay, and batteries.

Coolant from the recirculation assembly flows
into parallel paths that serve the upstream electro-
nics cold plate group. In this group, the data
storage electronics assembly (DSEA) is cooled by
cold rails; the remainder of the electronics, by cold
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plates. The cold plates are in the pressurized and
unpressurized areas of the LM. The flow rates
through the parallel paths are controlled by flow
restrictors, installed downstream of the cold plate
group. The first upstream electronics flow path
cools the suit circuit heat exchanger. The second
flow path cools five cold plates mounted on the
pressurized side of the equipment tunnel back wall.
The third path serves the integrally cooled IMU
and the rate gyro assembly (RGA) cold plate, both
located in the unpressurized area {on the naviga-
tion base). The fourth path cools the abort sensor
assembly (ASA)} and pulse torque assembly (PTA)
cold plates. All the plates for the fourth path are in
the unpressurized area above the cabin; the ASA is
on the navigation base of the alignment optical
telescope (AOT). The fifth path serves the tracking
light electronics (TLE), gimbal angle sequencing
transformation assembly (GASTA), lighting con-
trol assembly (LCA), and DSEA plates: one in the
unpressurized area in front of the cabin, a second
one in the control and display panel area, a third
one below the cabin floor, and another one on the
left wall of the cabin.

The aft equipment bay is cooled by eight cold
rails; the flow is in parallel. The batteries are
cooled by cold rails. The ascent batteries are in the
center section of the aft equipment bay; the des-
cent batteries are in quads 1 and 4 of the descent
stage. During the descent phase, the coolant flow is
split between the descent batteries and the ascent
batteries; the ascent batteries are not used during
this time. When the stages are separated, quick-
disconnects break the coolant lines and seal the
ends; all coolant then-flows through the ascent
battery cold rails.

SECONDARY COOLANT LOOP COLD PLATES
AND RAILS

The secondary coolant loop is for emergency
use. Only cold plates and cold rails that have two
independent passages (one for the primary loop
and one for the secondary loop} are served by this
loop.

In the upstream electronics area, the secondary
coolant flow is split between three cold plates
(RGA, ASA, and TLE) in parallel. The flow rate is
controlled by a flow restrictor downstream of the
TLE and RGA. After these three plates, the
secondary loop cools the ascent battery cold rails
and the aft equipment bay cold rails in a series-
parallel arrangement. The coolant first flows
through three ascent battery cold rails in parallel,
then through eight aft equipment bay cold rails in
parallel.

EQUIPMENT

ATMOSPHERE REVITALIZATION SECTION

SUIT CIRCUIT ASSEMBLY

Suit Circuit Relief Valve. The suit circuit relief
valve protects the suit circuit against overpressuriza-
tion. The valve has automatic, open, and close
positions. Two externally mounted microswitches
provide telemetry signals when the open or close
position is selected.

In the automatic position, the valve responds to
pressure sensed by the aneroid; it cracks open at
approximately 4.3 psia to prevent overpressuriza-
tion of the suit loop by allowing oxygen to flow to
the cabin. At 4.7 psia, the valve is fully open and
flows approximately 7.8 pph at +90° F. The valve
reseats at approximately 4.3 psia. In the open
position, the valve handle displaces the poppet
from the seat to open the valve, regardless of
pressure. In the close position, if the valve fails to
reseat, the automatic poppet is left open, but an
auxiliary poppet is closed, maintaining pressure.

Suit_Gas Diverter Valve. The suit gas diverter valve
is @ manually operated, two-way valve (one inlet
and two outlets) with a solenoid override in one
direction. The valve is on the ECS package above
the oxygen control module. When the valve handle
is pushed into the cabin position, oxygen is direc-
ted into the cabin; pulling the valve handie to the
egress position shuts off flow to the cabin.
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An automatic closed-to-cabin feature is pro-
vided. If cabin pressure falls to below the normal
level while the valve is set to CABIN, a solenoid is
energized by the cabin pressure switch and the
main spring returns the valve to the EGRESS
position. Electrical power is also supplied to the
diverter valve when the oxygen demand regulator
valves are set to egress.

Cabin Gas Return Check Valve. The cabin gas
return check valve is a spring-loaded, flapper-type
valve. The valve has automatic, open, and egress
(closed) positions. In the automatic position, the
valve automatically permits cabin gas to return to
the suit circuit. When the cabin is depressurized,
the suit circuit pressure closes the valve, preventing
backflow into the cabin. The open and egress posi-
tions provide manual override of the automatic
position.

CO2 Canister Selector Vaive and CO2 and Odor

Removal Canisters. The CO2 canister selector valve
is a dual-flapper-type valve that routes flow
through the CO2 and odor removal canisters. The
valve has primary and secondary positions. One
flapper is at the inlet to the canisters: the other, at
the outlet.

Each canister contains a cartridge filled with
LiOH and activated charcoal. The primary canister
cover has a debris trap, which may be replaced
before, but not during, flight. A relief valve in the
cartridge permits flow to bypass the debris trap if
it becomes clogged. The canister selector valve is
sufficiently leakproof to permit replacement of
cartridges, with the cabin unpressurized.

Suit Circuit Fans. The suit circuit fans maintain the
circulation of conditioned oxygen in the suit
circuit. Each suit circuit fan is operated by a
28-volt d-c¢ brushless motor, and each fan moves
approximately 24 cfm at 25,000+500 rpm. Fan
operation is controlled by the suit fan selector
switch.,

Suit Circuit Sublimator. The sublimator rejects suit
circuit heat to space if the suit circuit heat
exchanger is inoperative. It has a water inlet and a
stream outlet that is vented overboard. Water and

suit circuit gas both make a single pass through he
unit, which comprises a stack of modules of several
layers of porous plates, water, steam, and suit
circuit gas passages.

Suit Circuit Heat Exchanger. The suit circuit heat
exchanger is a duct-shaped unit of aluminum plate-
and-fin construction. It has a single pass for both
the coolant and the suit circuit gas and is used to
remove excess heat in the ARS. Heat is transferred

to the HTS coolant supptied o the heat « xciwger.

Water Separator Selector Vaive. The water separa-
tor selector valve is a manually operated, flapper-
type valve that enables selection of either of two
water separators. The valve handle is pushed in for
separator No. 1 and pulled for separator No. 2.

Water Separators. Two water separators are con-
nected in parallel, but only one is used at a time.
Saturated gas and free moisture fed into the separa-
tor come in contact with the inlet sensor blades,
which direct the flow onto a rotor at the proper
angle. Most of the entrained moisture collects on
the rotating perforated plate, which centrifuges the
water into a rotating water trough. A stationary
pitot tube, picks up the removed water and dis-
charges it to the WMS. The pitot pumping action
creates a dynamic head of pressure sufficient to
ensure positive flow from the water separator to
the WMS. Water passing through the perforated
plate collects on a rotating conical drum and is fed
into the water trough. The oxygen flow drives the
rotating parts of the separator. A water drair, boss
on each separator drains the cavity between the
rotating drum and the outer shell of the unit.
Plumbing attached to each drain boss carvies water
away from this area and dumps it into a surge
(collection) tank outside the suit circuit.

Suit Circuit Regenerative Heat Exchanger. The suit

circuit regenerative heat exchanger is of the
aluminum plate-and fin type. Heat from the circu-
lating warm coolant is transferred to the oxygen,
which makes a single pass through the unit while
the coolant makes two passes.
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Suit Temperature Control Valve, The suit tempera-
ture control valve is a manually operated diverter
valve that controls coolant flow through the suit
circuit regenerative heat exchanger. The valve has
two positions, one to increase the temperature, the
other to decrease the temperature.

Suit Isolation Valve. The suit isolation valve is a
manually operated, two-paosition dual-ball valve. In
the suit flow position, suit-circuit gas is directed
through the valve into the PGA, and from the PGA
back into the suit circuit. In the suit disconnect
position, the valve keeps the gas in the suit circuit,
by passing the PGA’s and preventing flow in either
direction between the suit circuit and PGA’s.

FROM
- L)
RETURN | suIT
10 suir 4|
CIRCUIT
)

CONDI- X
TIONED
o, 10 ¢ / ¢ 7O

SUIT : suiT

Y

VALVE IN SUIT FLOW (OPEN) POSITION

R-38
Suit Isolation Valve

Setting the valve handle to suit flow loads a
solenoid-operated spring return mechanism. A sig-
nal from the suit circuit pressure switch energizes
the solenoid, releasing the return mechanism,
which turns the valve to suit disconnect. The

ACTUATOR OVRD lever enables manual release
of the return mechanism to the SUIT DISC
position. A valve position indicator switch provides
a telemetry signal for SUIT DISC position.

Carbon Dioxide Partial Pressure Sensor. The car-
bon dioxide partial pressure sensor, in the suit cir-
cuit assembly, is a single-beam, dual-wavelength,
filter photometer with ratio readout. The sensor
operates on the infrared-absorption principle. It
measures the amount of infrared energy absorbed
by the carbon dioxide in a gas sample that passes
through the sensor, by comparing transmitted
energy of two different wavelengths in the infrared
spectrum. (One wavelength is absorbed by carbon
dioxide; the other is a reference.) This establishes
an amplified ratio signal that is indicated as a d-c
voltage proportional to the partial pressure of
carbon dioxide in the gas sample.

The sensor has two sections: optics and
electronics. The optics section has the infrared
energy source {a small tungsten lamp), a colli-
mating lens, a lens that reimages the source on the
dual filter, an aperture to fix the source image on
the dual filter, and a lens that reimages the
chopped and filtered source image onto the
detector target. The electronics section detects and
decodes the signal, computes the ratio and, then,
reads out a continuous d-c voltage proportional to
the partial pressure of carbon dioxide in the gas
sample. The sensor provides an electrical signal to
the PART PRESS CO3 indicator and a telemetry
signal to indicate the carbon dioxide level in the
gas supplied to the astronauts.

SUIT LIQUID COOLING ASSEMBLY

Cabin Fan. The fan motor is of the brushless, d-¢
type; it operates on 28 volts dc with an input
power of 62 watts average, 210 watts peak. The
fan circulates cabin gas and can move approxi-
mately 5 pounds of air per minute at 13,000 rpm.
The fan permits operation at sea level for checkout
purposes. An input voltage of 15 volts dc is
provided for this purpose.

Water-Glycol Heat Exchanger. The water glycol
heat exchanger transfers heat from the warm water
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returning from the LCG to the coolant of the heat
transport section. This heat exchanger is of the
cross-counterflow, single-pass water and multipass
coolant type.

Liquid Garment Cooling Valve. The liquid garment
cooling valve is a manually operated diverter valve
that controls water flow to the water-glycol heat
exchanger. Part or all of the water may be manu-
ally diverted around the heat exchanger to provide
varying degrees of cooling, depending on astronaut

needs.

Water Accumulator. The water accumulator con-
sists of an aluminum housing, diaphragm, spring,
diaphragm piston guide, and diaphragm piston. The
system water pressure opposes the spring action in
the accurnulator to maintain the correct pressure
level in the water loop. The accumulator serves as a
reservoir to make up for system leakage and volu-
metric changes due to temperature fluxuations.

Water Pump. The water pump is of the diaphragm
type; it circulates water through the suit liquid
cooling assembly. A voltage regulator steps down
the LM-supplied 28 volts dc to 16+1 volts dc for

nump operation.

Portable Recharge Adapter. The portable recharge
adapter serves as the connection between the PLSS
drink line and the multiple water connector of the
suit liquid cooling system. Bleed-off capability is
provided in the adapter to relieve pressure in the
event of overfilling of the system. Both astronauts
are disconnected from the cooling system when
recharging.

Suit Umbilical Water Hoses. The water umbilical
hoses transport water between the LCG and the
suit liquid cooling assembly. The hoses are flexible
silicon rubber, covered with Beta cloth.

Multiple Water Connector. The multiple water
connectors are quick disconnects that connect the
water umbilical hoses to the LCG receptacle on the
astronauts outer suit. The connectors provide dual
flow into, and out of, the LCG. Poppet valves
minimize leakage during connecting and dis-

connecting.

OXYGEN SUPPLY AND CABIN PRESSURE
CONTROL SECTION

DESCENT OXYGEN TANK

The descent oxygen tank is in quad 3 of the
descent stage. The tank holds 48.01 pounds of
oxygen, stored at a pressure of 2,850 psia. The
tank provides six PLSS refills at 0.92 pounds each
and four cabin repressurizations at 6.6 pounds
each. The tank is filled through a high-pressure fill
port, which is capped and lockwired before launch.

HIGH-PRESSURE OXYGEN CONTROL
ASSEMBLY

The major components of the high-pressure oxy-
gen control assembly are a high-pressure oxygen
regulator, a bypass oxygen pressure relief valve, an
overboard relief valve, and a burst diaphragm
assembly.

High-Pressure Oxygen Regulator. The internally
series redundant high-pressure oxygen regulator
receives high-pressure oxygen from the descent
oxygen tank and regulates the pressure to 875 to
960 psia. If the upstream {primary) regulator
sensor fails, the valve fails open, permitting the
downstream (secondary) regulator to control out-
let pressure. Descent oxygen that enters the
regulator is sensed by the primary sensor. As the
pressure builds up inside the sensor, it expands and
allows the primary valve poppet to move towards
its seat, regulating the outlet pressure to the
secondary regulator. The secondary regulator
Operates the same as the primary regulator,

Bypass Oxygen Pressure Relief Vaive. The bypass
oxygen pressure relief valve protects the descent
oxygen tank against overpressurization by bypass-
ing the high-pressure oxygen regulator. The valve is
designed to fail in the open condition if it mal-
functions. If the relief valve malfunctions (bellows
ruptures), the valve is automatically placed in the
failed-open condition, bypassing the oxygen to a
secondary (identical) relief valve.

Overboard Relief Valve. The series-redundant over-
board relief valve vents oxygen to ambient when

?wmrmm EC-19
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the pressure downstream of the high-pressure oxy-
gen regulator reaches 1,025 psig. The valve is fully
open at 1,090 psig and reseats at 985 psig at
4+75° F. The relief valve has a fail-open feature. If a
capsule sensing element leaks, the oxygen is
dumped into the leakage chamber and bleeds
overboard.

Burst Diaphragm Assembly. The burst diaphragm
assembly opens when the flow from the descent
oxygen tank exceeds the relieving capability of the
overboard relief valve. An aluminum disk in the
inlet port of the burst diaphragm assembly rup-
tures at a system pressure between 1,300 and
1,400 psig. System pressure causes the diaphragm
support to move away from the disk, causing it to
rupture. The disk support poppet opens and vents
the descent oxygen tank. The diaphragm assembly
permits a minimum flow of approximately 10
pounds per minute. When descent tank pressure is

reduced to 1,000 psia, the disk support poppet
reseats to maintain sufficient oxygen for one cabin
repressurization up to 1 hour after disk rupture.

ASCENT OXYGEN TANKS

Two identical tanks supply all the oxygen
required for metabolic consumption and to
compensate for cabin and/or suit circuit leakage,
oxygen component leakage, subsequent to switch-
over to ascent comsumables. Both tanks are in the
aft equipment bay. Oxygen flow from either tank
is controlled by individual oxygen shutoff valves
on the oxygen control module.

OXYGEN CONTROL MODULE
The oxygen control module is mounted on the

suit circuit package located to the right rear of the
LM Pilot’s station. It contains filters, a PLSS oxy-
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gen shutoff valve, descent and ascent oxygen shut-
off valves, oxygen demand regulators, and a cabin
repressurization and emergency oxygen valve. An
interlock prevents opening the ascent oxygen shut-
off valves until the descent oxygen shutoff valve is
closed. Filters at the inlets to the oxygen control
module and the PLSS disconnect remove particu-
late matter from the oxygen. Filtering capability is
18 microns nominal and 40 microns absolute.

PLSS and Oxygen Tank Shutoff Valves. Four
positive-action, manually operated shutoff valves
control oxygen flow into the oxygen control
module. Rotating the valve handle to the open
position displaces a spring-loaded seal. The valves
have detents in the open and closed positions;
mechanical stops on the handle prevent overtravel.

Oxygen Demand Regulators. Two, parallel oxygen
demand regulators regulate oxygen from the tanks
to the suit circuit. Both regulators are manually
controlled by individual four-position selector
handles. Suit circuit pressure is fed back to an
aneroid bellows that actuates a poppet. Rotating
the valve handle to cabin or egress position changes
the spring force acting on the poppet and estab-
lishes two outlet pressure levels. Selecting the
direct O9 position, fully opens the valve, With an
upstream pressure of 900 psia and a temperature of
+70° F, one regulator can flow approximately 7.0
pounds per hour into the suit circuit. In the closed
position, an auxiliary poppet stops all flow through
the regulator. Each regulator has valve position
indicator (VPIl) switches, and two functional
switches that control electrical circuits in the ECS.

Cabin Repressurization and Emergency Oxygen
Valve. The cabin repressurization and emergency
oxygen valve is a solenoid-operated valve with
manual override. It is used to repressurize the cabin
after a deliberate decompression and provides an
emergency flow of oxygen if the cabin is punc-
tured. If the cabin is punctured and the diameter
of the hole does not exceed 0.5 inch, the valve can
maintain cabin pressure at 3.5 psia for at least 2
minutes, allowing the astronauts to return to a
closed-suit environment. The cabin repressurization
and emergency oxygen valve is controlled by a
three-position handle on the oxygen control
module.

When the automatic position is selected, valve
operation is controlled by the solenoid, which is ac-
tuated by the cabin pressure switch. If either oxygen
demand regulator is set to cabin or direct 07 posi-
tions and cabin pressure drops below normal, the
cabin pressure switch energizes the solenoid. This
moves the valve yoke to open the inlet valve and
permits oxygen from the oxygen manifold to flow
through the valve into the cabin. If cabin pressure
increases to normal, the cabin pressure switch
deenergizes the solenoid and spring action closes
the valve. Setting both oxygen demand regulators
to the close or egress positions disables the cir-
cuitry to the solenoid through the cabin pressure
switch, provided suit pressure does not drop below
3.12 psia. When supplied by the descent GOX
tank, flow is 4 pounds per minute maximum; when
supplied by the ascent tank, 8 pounds per minute
at 700 psia. When the manual position is selected,
the handle shaft actuates a cam that moves the
yoke to open the inlet valve and establish flow to
the cabin. In the close position an auxiliary poppet
is forced onto its seat, shutting off the flow.

CABIN RELIEF AND DUMP VALVES

A cabin relief and dump valve is installed in each
hatch. The valve is a differential-pressure, servo-
actuated poppet valve that prevents cabin over-
pressurization and permits manual dumping of
cabin pressure. Each valve is controlled with either
of two handles: one, inside the cabin; the other,
outside. The inside handles can be used to select
three positions (dump, automatic, or closed). The
outside handles have only a dump position. A
bacteria filter mounts on the forward cabin relief
and dump valve.

Normally, the cabin relief and dump valves are
set to the automatic position. In this position, the
valves are operated by the servo valve. When the
cabin-to-ambient pressure differential reaches
approximately 5.4 psi, oxygen is vented overboard
and cabin pressure is reduced to an acceptable
value. When the pressure differential is 5.8 psi, one
fully open dump valve can dump 11.1 pounds of
oxygen per minute overboard. When the valve
handle inside the cabin is set to the automatic posi-
tion, the valve can be opened manually from
outside.
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Setting the internal handle to the dump position
unseats the poppet. The valve in the overhead
hatch can dump cabin pressure from 5.0 to 0.08
psia in 180 seconds without cabin oxygen inflow;
the forward hatch valve (with filter) in 310
seconds. Setting the handle to the closed position
prevents the valve from opening at normal pres-
sures, if the servo valve fails.

The oxygen bacterial filter on the cabin side of
the forward cabin relief and dump valve removes
bacteria from the dumped cabin oxygen. The filter
can be installed and removed by an astronaut in
the cabin. It removes 95% of all bacteria larger
than 0.5 micron.

CABIN PRESSURE SWITCH

The cabin pressure switch monitors cabin pres-
sure and enables electrical signals to control related
ECS functions. The switch is an absolute-pressure

device that consists of three separate hermetically
sealed microswitch capsules. The capsules are set to
cause switch closure when cabin pressure decays to
3.7 to 4.45 psia during pressurized-cabin operation.
If this occurs with either oxygen demand regulator
in cabin mode, the suit gas diverter valve closes, the
cabin repressurization and emergency oxygen valve
opens, and the cabin warning light goes on.
Increasing cabin pressure to 4.40 to 5.0 psia opens
the cabin pressure switch circuits, closes the cabin
repressurization and emergency oxygen valve, and
deenergizes the cabin warning light.

WATER MANAGEMENT SECTION

DESCENT STAGE WATER TANK

The descent stage water tank is an aluminum
tank with an internally mounted standpipe and
bladder. The bladder contains the water; the space
between the bladder is charged with nitrogen
according to a schedule dependent on the load
(48.2 psia maximum at +80° F).The nitrogen
squeezes the water out of the bladder through the
standpipe and into the system. The tank outlet is
connected to the water control module. Water
from the descent water tank is routed through the
water tank select valve by setting it to the descent
position.

Descent Water Valve. The descent water (DES
H20) valve is a manually operated, poppet-type
shutoff valve. The valve has open and closed posi-
tions. In the open position, the valve provides
high-pressure water flow from the descent tank to
the water dispenser.

ASCENT STAGE WATER TANKS

The ascent stage water tanks are in the overhead
unpressurized portion of the cabin. They are
similar to the descent stage water tank, but are
smaller. An initial nitrogen charge of 48.2 psia at
+80° F is used in each tank. The tank outlets are
connected to the water control module. Water
from the ascent water tanks is routed through the
water tank selector valve by setting it to the ascent
position,
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Ascent Water Valve. The ascent water valve, at the
top of the water control module, is a manually
operated, poppet-type shutoff valve. The valve has
open and closed positions. In the open position,
the valve provides high-pressure water flow from
the ascent tank to the water dispenser.

WATER QUANTITY MEASURING DEVICE

A water quantity measuring device (WQMD) for
each of the three water tanks measures the
quantity of water in the tank. The analog voltage
output of the WQMD is fed to the quantity indi-
cator and is displayed on the H20 scale as the
percentage of water remaining in the tanks.

The WOMD measures the quantity of water by
sensing the pressure/temperature ratio of the tank
pressurizing gas. This ratio decreases as the gas
expands in expelling the water. An analog com-
puter subtracts a voltage inversely proportional to
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the pressure/temperature ratio from a set constant
voltage, which represents the total volume of the
tank. The result, tank volume minus gas volume, is
water volume.

WATER CONTROL MODULE

The manual controls of the WMS are grouped
together on the water control module. The module
consists of check valves, shutoff valves, a water
tank selector valve, and water pressure regulators.
Each water tank outlet is connected to the module,
which diverts the water to selected flow paths.

Check Valves. There are five check valves in the
water control module: one in each tank feed line,
and one in each discharge line from the ARS water
separators. The check valves prevent water flow
from the module to the water tanks and water
separators.

Water Tank Selector Valve. The water tank selector
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valve is a manually operated, three-position, two-
spool valve. The two spools (primary and
secondary), linked to the valve handle, rearrange
the internal ports to establish proper flow paths.
The valve has descent, ascent, and secondary posi-
tions. In the descent position, the primary spool
establishes a flow path between the descent water
tank and the primary water manifold. In the ascent
position, the primary spool establishes a flow path
between the ascent tanks and the primary water
manifold. When the valve is in the secondary posi-
tion, flow is diverted from the ARS separator to
the secondary manifold and water is routed from
the ascent water tanks to the secondary manifold.

Water Pressure Regulators. Three water pressure
regulators are in the WMS. Two are in series in the
primary manifold and in the secondary manifold,
and one is located external to the water module in
the water pressure regulator module. The regula-
tors contain a spring-loaded diaphragm that senses
the differential between ARS reference pressure
and the downstream water pressure. The dia-
phragm moves a balanced lever attached to a
metering poppet. The water discharge pressure is
maintained at 0.5 to 1.0 psi above the reference
pressure.

Primary Evaporator Flow Valve No. 1. The
primary evaporator flow No. 1 valve is a manually
operated, poppet-type shutoff valve. It has open
and closed positions.In the open position, the valve
allows flow from the ascent or descent water tanks,
through the primary regulators, to the primary
sublimator.

Primary Evaporator Flow Valve No. 2. The
primary evaporator flow No. 2 valve is a manually
operated, poppet-type shutoff valve. It has open
and closed positions. In the open position, the
valve acts as a backup to the primary evaporator
flow valve to provide ascent tank water from the
secondary water manifold to the primary sub-
limator.

Secondary Evaporator Flow Valve. The secondary
evaporator flow valve is a manually operated,
poppet-type shutoff valve. It has open and close
positions. The valve controls water flow from the
secondary water manifold to the secondary
sublimator and to the suit circuit sublimator.

Water Pressure Regulator Module. The water pres-
sure regulator module consists of a pressure
regulator and a manifold. The module is located in
the secondary water circuit, downstream and in
series with the secondary water pressure regulator
in the water control module.

HEAT TRANSPORT SECTION

COOLANT ACCUMULATOR

There are two accumulators, one in the primary
loop and an identical one in the secondary loop.
The coolant accumulator consists of a two-piece
aluminum cylinder that contains a movable spring-
loaded piston bonded to a diaphragm. The fluid
side contains approximately 46 cubic inches of
fluid under pressure. The pressure varies, directly
with fluid level, from 5.6 psia at 5% level to 8.0
psia at 80% level. The accumulator maintains a
head of pressure on the glycol pump inlets to
prevent pump cavitation and replaces coolant lost
through subsystem leakage. The piston moves in
response to volumetric changes caused by tempera-
ture variations in the primary loop or by leakage.
The accumulator spring side is vented to space.

The accumulator has a low-level sensor with a
switch that trips when only 10 + 5% of the coolant
volume remains. The switch is mounted on top of
the accumulator. A tube extending from the top of
the accumulator, houses a rod attached to the
piston. The switch provides a telemetry signal.

PRIMARY COOLANT FILTER

The primary coolant filter has a filtering capa-
bility of 35 microns. It has an integral pressure
relief bypass feature that opens at 0.27 to 0.4 psid
to maintain coolant flow to the pumps if the filter
becomes clogged.

COOLANT PUMP

The three coolant pumps are identical. Two
pumps are connected in the primary loop; the third
pump, in the secondary loop. The pumps are of the
sliding-vane, positive-displacement type; they are
driven by 28-volt d-c brushless motors. The motors
are of wet or submerged design and are cooled by
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the recirculating coolant. The pump speeds will
vary with changes in coolant temperatures and
pump input voltages. As a result, system coolant
flow rates may vary from 4.2 to 5.4 pounds per
hour causing primary pump pressure rise of 12 to
25 psi and secondary pump pressure rise of 8 to 18

psi.
SUIT TEMPERATURE CONTROL VALVE

The suit temperature control valve is a manually
operated diverter valve. The amount of warm
coolant flowing through the suit circuit regenera-
tive heat exchanger is regulated by the handle,
which can be turned from hot to cold.

SUBLIMATORS

The porous-plate-type sublimators {(one in the
primary loop and another in the secondary loop)
are identical, except that the primary sublimator
has a larger capacity. Each sublimator has a coolant
inlet and outlet, a water inlet, and a steam outlet.
Water makes one pass through the unit; coolant
makes six passes through the primary sublimator
and four passes through the secondary sublimator.
For proper sublimator operation, water pressure
must exceed 4.0 psia, but be less than 6.5 psia. The
water pressure must also be less than the suit cir-
cuit static pressure plus the head pressure from the
water separators to the sublimator.

The unit rejects heat to space by sublimation of
ice. Water from the WMS flows through the water
passages, into the porous plates, and is exposed to
space environment. The vacuum pressure is below
the triple point of water; this causes an ice layer to
develop within the pores and on the inner surface
of the plates. As the hot coolant flows through the
sublimator passages, heat transfers from the
coolant to the water and to the ice layer. The ice
sublimates from the solid state to steam without
passing through a liquid state, rejecting its heat

load overboard through a duct. The thickness of
the ice layer varies with the heat load imposed on
the sublimator, resulting in a regulated output
temperature over a range of input temperatures.

COLD PLATES AND RAILS

Electronic equipment that requires active tem-
perature control is cooled by cold plates and cold
rails. Most flat cold plates are installed between
electronic equipment and the LM structure in a
manner that minimizes heat transfer from the
structure to the coolant, to avoid a reduction of
the coolant cooling capacity. The surrounding
structure and equipment may have a temperature
range of 0° to +160° F. The remaining flat cold
plates are installed directly on the electronic equip-
ment without making contact with the LM struc-
ture. Cold rails are also structural members and are
used in the aft equipment bay in the descent stage
for the DSEA. The IMU has an integral cooling
circuit. Cold plates and cold rails for equipment
essential for mission abort have two independent
coolant passages, one for the primary loop and one
for the secondary loop.

The flat cold plates are brazed assemblies with
inlet and outlet fittings. The coolant flows between
two parallel sheets, which are connected by fins for
increased heat transfer and structural strength. The
internal fin arrangement of these cold plates
ensures sufficient flow distribution.

The cold rails are channel-and-tube-type exiru-
sions; the tubular part forms the inside center of
the channel. The tube has fins and, at the ends,
coolant inlet and outlet fittings. The cold rails are
installed in parallel arrangement, with equal space
between the rails to accommodate equipment
designed for mounting on cold rails. Each cold rail
{except the first and the last one) cools two
adjacent rows of equipment.

? tummian EC-25

“ApolloNewsRef LM F.EC25.PICT” 354 KB 1999-02-04 dpi: 360h x 360v pix: 2650h x 3742v
NASA Apollo Program Historical Information Page 0077 of 0281 |
\




NASA Apollo Lunar Module (LM) News Reference (1968)

[Fri~e== R ot T oI LI
.o = = Tl =

R A R YT e S L AP |
s ew € oessasssﬂsoesagosﬁj
(== - —
e e @ RN EE
|
l'/f?_-‘:-_@ -..% o ]
| @ et
oz een
ORBITAL RATE DISPLAY —
EARTH AND LUNAR (ORDEAL)
O T AT T T e et = ST XTI
g E e Va0
4 = B 3 I B = e
2 OV TE . D=

3 bl
RIS BN

‘3

;1

g
[
-4

==}

4
3

NOT

F

/l rl:a" < @
o H
5 255'- L =

soond
THRUST/TRANSLATION CONTROLLER ' oo
ASSEMBLY (TTCA;

S~ PEEREN

/ | (A

! I3 L P
- M :

e

ATTITUDE CONTROLLI
ASSEMBLY (ACA)

“ApolloNewsRef LM G.CD3A.PICT” 358 KB 1999-02-04 dpi: 498h x 506v pix: 3649h x 4517v

NASA Apollo Program Historical Information

Page 0078 of 0281 |




NASA Apollo Lunar Module (LM) News Reference (1968)

APOL

3o %0 |

AT BB UTILITY LIGHT SWITCH ASSEMBLY
X

" s

1 Il 1
sg g P o
. i H

.3
i

—— |
=.4' | ‘ ’ - — -
Ji ALIGNMENT OPTICAL TELESCOPE (AOT) __2__, Q@ Q
A\ ez
DECAL Y 3
MAY BE USED : f—-

= .

- 7_}-‘7-‘;?6'_‘..:.7"""“—;_

99 0 ey

5 Eeallh 5o | &=k
I T
O TR

wanon --‘T_‘—-—ﬂ “.;..‘.."
=T EE TR 3
-2 2 5 |
| .
b o o o
e e 5l .~ . =
\ ATTITUDE CONTROLLER — : THRUST/ TRANSLA
! ASSEMBLY (ACA) * ASSEMB

“ApolloNewsRef LM G.CD3B.PICT” 474 KB 1999-02-04 dpi: 498h x 506v pix: 4150h x 4788v
| NASA Apollo Program Historical Information Page 0079 of 0281 |




NASA Apollo Lunar Module (LM) News Reference (1968)

APOLLO NEWS REFERENCE

FE L = R AT R |
N EEEEE R E R EEEE N RN {

[ 3
o
@;«
»
@&
(I

A EEE R EEE R

LM § ONLY

f T e =

an T e e

5.9 se el tsO@G’ts

.\||
*
(" 34
»
[
@

° P_J’— <09t —y
O s sr e e e
RN g
- RN
0

=7 —

u
= {

| BERne . f
ERARE :

o~ HEERE _
RUST/TRANSLATION CONTROLLER | _ ATTITUDE CONTROLLER
THRUS ASSEMBLY (TTCA) ‘ 8 ASSEMBLY (ACA)

Lunar Module Controls and Displays

?wmm cD-3

“ApolloNewsRef LM G.CD3C.PICT” 420 KB 1999-02-04 dpi: 498h x 506v pix: 4092h x 5194v

R-43

| NASA Apollo Program Historical Information Page 0080 of 0281 |




NASA Apollo Lunar Module (LM) News Reference (1968)

APOLLO NEWS REFERENCE

GUIDANCE, NAVIGATION, AND CONTROL

QUICK REFERENCE DATA

PRIMARY GUIDANCE AND NAVIGATION SECTION

Navigation base
Weight
Diameter
Leg length (approx)
Material

Inertial measurement unit
Weight {approx)
Diameter
Temperature

Alignment optical telescope
Number of detent positions
Field of view of each detent
Counter readout
Length

Computer control and reticle dimmer assembly
Height
Width
Depth
Weight

Pulse torque assembly
Height
Width
Depth
Weight

Power and servo assembly
Height
Width
Depth
Weight

Coupling data unit
Number of channels
Height
Width
Depth
Weight

LM guidance computer
Computer type
Internal transfer
Memory

Erasable
Fixed

3 pounds
14 inches
10 inches
Beryillium

42 pounds
12.5 inches
+126° F

6

60°

000.00° to 359.98°
36 inches

3-3/8 inches
4-3/8 inches
2-1/2 inches
3 pounds

2-1/2 inches
11 inches
13 inches
15 pounds

2-5/8 inches
8-7/8 inches
23-1/2 inches
20 pounds

5

5-1/2 inches
11-1/3 inches
20 inches

35 pounds

Automatic, electronic, digital, general-purpose and control

Parallel (all bits simultaneously)
Random access

Coincident-current core; 2,048-word capacity

Core rope; 36,864-word capacity

? Aumman.
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LM guidance computer {cont)

Word length
Number system
Circuitry type
Memory cycle time
Add time

Basic clock oscillator
Power Supplies

Logic
Parity

Data entry and display assembly
Height
Width
Depth
Weight
Logic levels

Clock frequency

Abort electronics assembly
Computer type
Height
Width
Depth
Weight
Power

Logic levels

Clock frequency
Memory capacity
Fixed
Erasable
Word Size

Abort sensor assembly
Height
Width
Depth
Weight
Clock frequency
Operating temperature

GN-2

16 bits

Binary 1's complement - for manipulation

Flat pack, NOR micrologic

12 microseconds

24 microseconds

2.048 MHz

One +4-volt and one +14-volt switching regulator;
operated from 28-volt d-c input power

Positive (Positive dc = Binary 1; 0 volts = Binary 0)
Odd

ABORT GUIDANCE SECTION

7.3 inches

6.6 inches

5.6 inches

8.4 pounds

Zero: 0to 0.5vdc
One: +3to +5vdc
128 kpps

Automatic, electronic, digital, general-purpose
23.7 inches

9.0 inches

5.0 inches

32.5 pounds

12.5 watts (standby)
96.0 watts (operate)
Zero: 010 0.5 vdc
One: +3to +bvdc
1,024 pps

4,096 words

2,048 words

2,048 words

18 bits

5.1 inches

9.0 inches

13.5 inches

20.7 pounds (with support)
128 kpps

+120° F
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CONTROL ELECTRONICS SECTION

Attitude and translation controller assembly
Input signals
Operating frequency
Cooling
Temperature range

Rate gyro assembly
Input power
Starting power
Input range
Input rate frequency

Descent engine control assembly
A-C input power nominal voltage
Operating temperature range
D-C input power nominal voltage
Total power consumption

Gimbal drive actuator
A-C power
A-C power consumption {steady-state average)
Stroke
Gimbal position
Gimbal rate
Frequency of operation

Attitude controller assembly
Operating power
Type of sensor
Displacement

Thrust/translation controller assembly
Operating power
Type of sensor

Attitude error, command rate, and rate gyro output
800 Hz

Conduction through mounting flanges

0° to +160° F

Single- and three-phase, 800 Hz
1.8 watts (maximum; three-phase)
-25%1t0 +25° per second

20+ 4 Hz

115 vrms

+57% 10 +97° F

+4, +15, +28, and -15 volts dc
7.9 watts (maximum)

116 * 2.5 vrms, single phase, 400 Hz
35 watts

+2 to -2 inches t5%

+6° to -6° ¥5%

0.2%sec t10%

5.0 Hz (maximum)

28 volts. 800 Hz
Proportional transducer
0.28 volt/degree

28 volts, 800 Hz
Proportional transducer
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Velocity sensor
Radar altimeter
Altitude capability
Velocity capability
Weight (approx)
Power consumption

Heater power consumption
Altimeter antenna

Type

RF power

Velocity sensor antenna

Type
RF power

Transmitter frequency
Velocity sensor
Radar altimeter

Warmup time
FM sweep duration
Acquisition time

Primary power

Temperature range
Electronics assembly
Antenna assembly

GN-4

LANDING RADAR
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Continuous-wave, three-beam

Frequency modulated/continuous wave (FM/CW)
10 to 25,000 feet

From altitude of 18,000 feet

39 pounds

125 watts dc (nominal)

147 watts dc {maximum)

44 watts dc (maximum)

Ptanar array, space-duplexed
100 mw {minimum)

Planar array, space-duplexed
200 mw (minimum)

10.51 gHz
9.58 gHz

1 minute
0.007 second
12 seconds (maximum)

25 to 31.5 volts dc (nominal)
3.5 to 6.5 amperes

20° to +110° F
+50° to +150° F
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RENDEZVOUS RADAR AND TRANSPONDER

Rendezvous radar
Radar radiation frequency
Radar received frequency
Radiated power
Antenna design
Angle-tracking method
Antenna diameter
Antenna beamwidth
Gyroscopes
Modulation

Receiver channels

Receiver intermediate frequencies
Range

Range accuracy

Range data output

Range rate

Range rate accuracy
Complete acquisition time

Angular accuracy
5 to 400 nm

Transponder
Weight
Antenna

Transmit frequency
Receive frequency
Radiated power
Acquisition time
Intermediate frequencies
First IF
Second IF
Modulation
Range
Range accuracy
Range rate accuracy
Input power
Heater

? rummian
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9832.8 mHz

9792.0 mHz + Doppler

300 mw (nominal)

Cassegrainian

Amplitude monopulse

24 inches

4.0°

4 (two redundant)

Phase modulation by three tones: 200 Hz, 6.4 kHz, and
204.8 kHz

Reference, shaft (pitch), and trunnion (yaw)

40.8, 6.8, and 1.7 mHz

80 feet to 400 nm

1% or 80 feet for ranges between 80 feet and 5 nm; or 300 feet
for ranges between 5 and 400 nm

15-bit serial format

+4,900 to -4,900 fps

+1 fps

15 seconds

0.12° t0 0.24°

16.0 pounds

4-inch Y-horn, linearly polarized 12-inch interconnecting
waveguide

9792 mHz

9832.8 mHz * one-way Doppler

300 mw

1.8 seconds with 98% probability

40.8 mHz
6.8 mHz
Phase modulation by three tones (200 Hz, 6.4 kHz, 204.8 kHz)
80 feet to 400 nm
Equal to maximum ranging error
0.25% or 1 fps {whichever is greater)
75 watts
20 watts (maximum)
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The LM is designed to take two astronauts from
the orbiting CSM to the lunar surface and back
again. The primary function of the Guidance, Navi-
gation, and Control Subsystem (GN&CS) is
accumulation, analysis, and processing of data to
ensure the LM follows a predetermined flight plan
at all times. To perform these functions, the
guidance portion must know present position and
velocity with respect to the guidance goal. The
GN&CS provides navigation, guidance, and flight
control to accomplish the specific guidance goal.

The astronaut is an active and controlling
element of the LM. He can monitor information to
and from the various LM subsystems and can
manually duplicate the various control functions.
During completely automatic flight, the astronaut
functions as a monitor and decision maker; during
semiautomatic flight, he is a controlling influence
on the automatic system; and during manually
controlled flight he may perform all GN&CS
functions himself. The astronaut can also initiate
an optical sighting program, utilizing celestial
objects to align the guidance equipment.

Using cabin displays and controls, the astronaut
can select modes of operation necessary to perform
a desired function. In some mission phases,
sequencing of modes of operation is automatically
controlled by a computer. As calculations are per-
formed by the computer, the results are displayed
for astronaut evaluation and verification with
ground-calculated data.

in the event of failure of automatic control, the
astronaut manually controls the LM and performs
vehicle flight control normally performed by the
computer. He does this with a pair of hand con-
trollers, which control attitude and translation, and
with other controls on the cabin panels.

For purposes of the following discussion, a
distinction is made between guidance (orbital
alteration or redirection of the LM) and navigation
{accumulation and processing of data to define the
proper guidance to be accomplished).

NAVIGATION AND THE LUNAR MODULE

LM navigation involves the determination of the
vehicle’s present position and velocity so that the
guidance function can plot the trajectory that the
LM must follow,

When flying an aircraft between two points on
earth, both points remain fixed with respect to
each other. In spaceflight, however, the origin of
the spacecraft’s path and its distination or target
are moving rapidly with respect to each other.

To determine the present position of the LM,
celestial navigation is used to align the guidance
system. This is accomplished by determining the
vehicle’s position in relation to certain fixed stars.
Even though the stars may be moving, the distance
that they move in relation to the total distance of
the stars from the vehicle is so small that the stars
can be thought of as being stationary.

The optical device which the astronauts use for
navigation is an alignment optical telescope (AOT)
protruding through the top of the vehicle and
functioning as a sextant. The astronauts use it to
take direct visual sightings and precise angular
measurements of pairs of celestial objects. These
measurements are transferred by the astronaut to
the guidance elements to compute the position and
velocity of the vehicle and to perform alignment of
an inertial guidance system. There is a direct
relationship between the angular measurements
taken with the telescope and the mounting posi-
tion of the telescope. The computer program
knows the telescope’s mounting position which is
in alignment with the LM body axes and from this
knowledge and astronaut-generated information,
the computer is able to calculate the LM position.

During the landing phase and subsequent rendez-
vous phase, the LM uses radar navigational
techniques to determine distance and velocity.
Each phase uses a radar designed specifically for
that phase (rendezvous radar, landing radar). Both
radars inform the astronaut and the computer con-
cerning position and velocity relative to acquired
target. During lunar landing, the target is the
surface of the moon; during rendezvous, the target
is the Command Module.
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GUIDANCE AND THE LUNAR MODULE

After the position and velocity of the LM are
determined, the guidance function establishes the
steering for the predetermined flight path. Since
objects in space are moving targets (as compared to
those on earth, which are stationary), the guidance
problem involves aiming not at the target’s present
position but at the position in which it will be
when the vehicle path intersects the target path.
On earth, the guidance problem is a two-
dimensional one; it involves only longitude and
latitude. In space, a third dimension is introduced;
position cannot be plotted in earth terms.

To calculate the guidance parameters, a reference
coordinate frame must be determined. A three-
axis, right-hand, orthogonal, coordinate frame
(inertial reference frame) is used. It is fixed in
space and has an unchanging angular relationship
with the stars. Its dimensional axes are designated
as X, Y, and Z, and all spacecraft positions and
velocities are related to this frame. The astronaut
establishes this frame by sighting of celestial
objects using the AQOT. The vertical axis is desig-
nated as the X-axis. Its positive direction is from
the descent stage to the ascent stage, passing
through the overhead hatch. The lateral axis is
designated as the Y-axis. Its positive direction is
from left to right across the astronauts shoulders
when they are facing the windows in the LM cabin.
To complete the three three-axis orthogonal
system, the Z-axis is perpendicular to the X and Y
axes. This axis is referred to as the forward axis,
because +Z-axis direction is through the forward
hatch. The +Z-axis is also used as the zero refer-
ence line for all angular measurements.

The guidance system based on this coordinate
frame is referred to as an inertial guidance system.
Inertial guidance provides information about the
actual path of the vehicle in relation to a predeter-
mined path. All deviations are transmitted to a
flight control system. The inertial guidance system
performs these functions without information
from outside the vehicle, The system stores the
predetermined flight plan, then automatically but
not continuously, computes distance and velocity
for a given mission time (catled the state vector) of
the vehicle to compensate, through vehicle control,
for changes in direction.

— X-AXIS

R-45
LM Vehicle Axes

Inertial guidance systems are based on measure-
ments made by accelerometers mounted on a
structure called the stable member or platform.
The stable member, in turn, is mounted inside
three spherical gimbals, one for each principal axis
of motion. Gyroscopes mounted on the stable
member drive the gimbals to isolate the stable
member from changes in LM attitude and hold the
stable member in a fixed inertial position.

During flight, the stable member’s axes must be
held in fixed relation to the inertial reference
frame regardless of the LM motion; otherwise
resolvers mounted on each gimbal issue error
signals. These error signals are used by the com-
puter to generate commands to correct the attitude
of the LM. The rotational axes of the LM are desig-
nated as yaw, pitch, and roll. Yaw rotation, about
the X-axis affects the vehicle in the Y-Z plane. The
effect is analogous to spinning around one’s heels.
Pitch rotation, about the Y-axis, affects the vehicle
in the X-Z plane. The effect is analogous to a
gymnast performing a somersault. Roll rotation,
about the Z-axis, affects the vehicle in the X-Y
plane. The effect is analogous to a person doing a
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cartwheel. Positive rotation is determined by the
right-hand rule. This involves placing the thumb of
the right hand in the positive direction of the axis
about which rotation is to be determined. Then the
remainder of the fingers are curled around the axis.
The direction in which the fingers point is con-
sidered the direction of positive rotation.

FLIGHT CONTROL AND THE LUNAR
MODULE

Flight control involves controlling the LM
trajectory (flight path) and attitude. Flight path
control depends on the motion of the LM center of
gravity; attitude control primarily involves rota-
tions about the center of gravity.

In controlling the LM in its flight path, the
thrust of its engines must be directed so that it
produces a desired variation in either magnitude or
direction to place the LM in some particular orbit,
position, or attitude. The major velocity changes
associated with the lunar orbit, injection, landing,
and ascent phases of the mission are accomplished
by either the descent propulsion section or ascent
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propulsion section of the Main Propulsion Sub-
system (MPS). The engines can produce high thrust
in specific directions in inertial space.

During the descent phase, the LM must be
slowed (braked) to place it in a transfer orbit from
which it can make a soft landing on the lunar
surface. To accomplish braking, descent engine
thrust is controllable so that the precise velocity
{feet per second) necessary to alter the vehicle’s
trajectory can be achieved. For a soft landing on
the lunar surface, the weight of the LM must be
matched by an upward force so that a state of
equilibrium exists, and from this point, the descent
engine is shut off and the LM free falls to the lunar
surface. The thrust of the descent engine provides
this upward force, and since the weight of the
vehicle is a variable (due to consumption of
expendables) this is another reason why the
magnitude of the engine thrust is controllable. In
addition, the center of gravity is also variable and
the thrust must be such that it is in line with the
LM center of gravity. This is accomplished by
gimbaling (tilting) the descent engine.

DESCENT PROPULSION
/ SYSTEM THROTTLE

¥
LANDING b
RADAR ANTENNA N
WA
'K >
#- 4« APPROACH
“t:"g PHASE
¥ Rs00 /7

LANDING

| NASA Apollo Program Historical Information

Page 0089 of 0281 |




NASA Apollo Lunar Module (LM) News Reference (1968)

APOLLO NEWS REFERENCE

52 .
5 R o
y :-.vhn)?j-‘n-*v .,; ‘

R-47

LM Powered Ascent Profile

During the lunar ascent phase, the flight control
portion of the GN&CS commands the ascent
engine. In this phase, control of the thrust direc-
tion is not achieved by gimbaling the engine, but
by attitude control, using the Reaction Control
Subsystem (RCS) thruster. This is necessary during
ascent to keep the vehicle stabilized, because the
center of gravity changes due to propellant
depletion. The ascent engine is not throttleable,
since the function of this engine is to lift the ascent
stage from the lunar surface and conduct rendez-
vous. The proper orbit for rendezvous is achieved
by means of a midcourse correction {if necessary)
in which thrust directed by attitude control, and
thrust magnitude is controlled by controlling the
duration of the burn.

It is apparent then for flight control, that some
measure of the LM velocity vector and its position
must be determined at all times for purposes of
comparison with a desired (predetermined) velo-
city vector, at any particular instant, to generate an
error signal if the two are not equal. The flight

control portion of the primary guidance and navi-
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