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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
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? tumman LV-3

“ApolloNewsRef LM D.LV03.PICT” 317 KB 1999-01-27 dpi: 360h x 364v pix: 2670h x 3756v

NASA Apollo Program Historical Information Page 0021 of 0281 |




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

APOLLO NEWS REFERENCE

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
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FITTING COMPARTMENT
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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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