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Preface

This report presents the results of the Phase
"B" Preliminary Definition Study (Contract
NAS 9-4983) of the Lunar Excursion Module
(LEM) and its modifications and additions, as
necessary, for use in the Apollo Extension
Systems (AES). This use includes a Laboratory
for Earth and lunar orbital missions, and a
Shelter, a Taxi and a Truck for extended-stay
lunar surface missions. The overall objective of
this study was to conduct sufficient analyses
to provide a basis for selection by NASA of a
single concept for each mission for final defini-
tion and development.

The study results are distributed in the vol-
umes listed below in the following manner:
Volume I contains a summary of the Prelimin-
ary Project Development Plan (PDP) with
emphasis on estimates of the program costs
and schedules. This volume was submitted on
30 October 1965, one month in advance of the
remaining final documentation. Volume II is a
brief summary of the overall study. Volumes
III through XVI contain the design analyses,
preliminary specifications, and operations an-
alyses for each of the AES/LEM vehicle types.
Volumes XVII through XXVI contain prelim-
inary project planning data in the areas of
management, manufacturing, development test-
ing, and support.

It was necessary to base the preliminary
project planning data, including estimated
costs, on a single configuration for each of the
AES/LEM vehicle types. Since these PDF data
were required by the end of October, the con-
figurations had to be selected at the mid-point
of the study, before the configuration studies
had been completed. These configurations have
been called "baseline" configurations. The con-
tinuing design analyses in the second half of
the%study have resulted in recommended
changes to the baseline configurations. Volumes
III through VI describe the "recommended"
configurations, the baseline configurations, and
some additional alternates which were studied.
It is anticipated that NASA will make a selec-
tion from these configurations, and that these
selections will then be the new baseline con-
figurations for the next phase of AES definition
studies.

The scope of this study included integration
of the experimental payloads with the Shelter
and Taxi, but did not include study of the inte-

gration on individual LEM Laboratory flights.
At approximately the mid-point of the study, an
addendum was written with the objective of
providing support to the NASA Mission Plan-
ning Task Force for study of the Phase I Lab-
oratory flights. The schedule for the addendum
calls for completion of these mission planning
studies in January, 1966. Therefore, the adden-
dum efforts are not described in this report.

The volumes which comprise this report are
as follows:

/ Phase B Preliminary Definition Plan
(30 Oct 1965)

II Preliminary Definition Studies
Summary

HI Phase I Laboratory
Design Analysis Summary

IV Phase II Laboratory
Design Analysis Summary

V Shelter Design Analysis Summary
VI Taxi Design Analysis Summary

VII Truck Design Analysis Summary
VIII Phase I Laboratory

Master End Item Specification
. IX Phase II Laboratory

Master End Item Specification
X Shelter Master End Item Specification

XI Taxi Master End Item Specification
XII Phase I Laboratory Experimental

Payload Performance &
Interface Specification

XIII Phase II Laboratory Experimental
Payload Performance &
Interface Specification

XIV Shelter Experimental Payload-
Performance & Interface Specification

XV Taxi Experimental Payload
Performance & Interface Specification

XVI Prelaunch & Mission Operations
XVII Manufacturing Plan

XVIII AES Modifications to LEM
Quality Control Program Plan

XIX Ground Development Test Plan
XX Support Equipment Specification

XXI Facilities Plan
XXII Support Plan

XXIII Transportation Plan
XXIV Training Equipment Requirements
XXV Support Equipment Requirements

XXVI Management Plan
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1. INTRODUCTION

This volume describes the study of the use of an Apollo LEM as an orbital laboratory
to provide experiment support for mission durations of up to forty-five days. This
vehicle, to "be operated in conjunction with an "AES" Command and Service Module,is
known as the Phase II Lab.

The preliminary design data which are provided are intended to permit the selection
by NASA of a Phase II Lab Configuration.

The following vehicle-level ground rules were observed during this study. Additional
subsystem-level ground rules and assumptions are included in the subsystem and
system sections:

• The Phase II Lab shall be a conversion from the LEM design in an optimum
manner commensurate with study guidelines and constraints.

• The Phase II Lab shall be operated with the "AES" CSM for a maximum of
h^> days earth orbit utilizing a Saturn I-B or Saturn V launch vehicle.

• The Phase II Lab shall require minimum spacecraft modifications and shall
utilize Apollo and Gemini hardware wherever feasible.

• The vehicle shall require minimum modifications to Ground Support Equip-
ment, Acceptance Checkout Equipment, and the Manned Spaceflight Network.

• Modifications and development must be compatible with the launch schedule
as defined in ML-65-1.

• The specific modifications required to accomplish rendezvous and/or split
launch are not included in the vehicle design.

• The orbital characteristics of the Phase II Lab missions are as described
in Table II (Revision L) of the Blue Book.

The definition of the Phase II Lab is not based upon any specific experiment or
group of experiments. The requirements of the vehicle subsystems for experiment
support have been selected from a broad survey of the proposed missions and from
data available from the first Phase of this study, (Apollo Extension System - Earth
Orbit Mission Study - Addendum I to Contract NAS 9-368l).

The analysis of the vehicle is divided into the appropriate subsystem and system
areas. Each of the subsystems includes a description of selected configuration
choices. These choices include a "recommended", a "baseline", and certain "alter-
nate" choices. The "recommended" choicej describes the configuration which now
appears most attractive on an overall vehicle basisjand is reported on in the third
section of each subsystem. The "baseline" configuration is that configuration upon
which the PDP costing was basedjand appears.in the fourth section of each subsystem.
The various alternatesjappear in succeeding sections of each subsystem and^are
presented as possible candidates for NASA selection. "Per flight modifications"
are included, where appropriate, as changes to the vehicle which may be attractive
only for specific flights. A tabular listing of these choices, together with other
descriptive information, is included in the Configuration Summary.



2. CONFIGURATION SUMMARY

2.1 .INTRODUCTION - .. . - . '-

This section summarizes the -recommended and baseline Phase II Lab configurations
and the subsystem alternates which we_re studied during the contract period. The
definition of these configurations is based on the following:

-NASA ground rules as defined in- the Work Statement and Blue Book
Results of Phase A studies, Contract WAS 9-3681
Subsystem and system studies
Vehicle design and integration studies
Compatibility with "AES" Command and Service Module

The vehicle level ground rules that were observed during the study are defined in
the Introduction, Section 1.. • The mission analysis and supporting studies are
described in detail in Sections 3 through 6.

2 . 2 ASSUMPTIONS : - . • - . - ' . '

Gross vehicle design assumptions used during the study are summarized by subsystem
in Table 2.2.-1. The'se assumptions are based upon the established ground rules,
upon discussions with NASA personnel and upon vehicle design requirements as de-
scribed i n t h e Blue Book. . . .

2.3 RECOMMEINDED CONFIGURATION

The recommended Phase II Lab (Fig; 6.2-1) is a LEM with modifications needed to
provide (l) a mission duration capability of ̂ -5 days (2) an experiment support
capability and (3) compatibility with the AES Command and Service Module. The
specific subsystems requiring modification are the.electrical power, environmental
control, stabilization and control, instrumentation, reaction control and the
structural changes associated with these modifications. Minor modifications have
also been made to crew provisions, communications and displays. No main propulsion
capability is carried. Main propulsion tanks, including the descent tanks, have
been deleted.• All modifications or changes, with reference to the present LEM
configuration are listed•in Table 2-3-1 and are described in detail in Sections 4,
5 and 6. Summary descriptions are presented below. A level I functional block
diagram of the recommended Lab subsystem interfaces is shown in Fig. 2.3-1-

2.3-1 Electrical Power

The housekeeping energy for the ^5 day mission, including an allowance for growth
and distribution buses is 755 kw-hrs. Since this requirement exceeds that which
can reasonably be supplied by batteries, fuel .cells have been chosen as the power
source. The housekeeping energy, including fuel cell parasitics, is 100*4- kw-hr.

JAumman.
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The Allis Chalmers 2 kw nominal design fuel cell has been selected. Two of these
fuel cells are mounted in the aft equipment bay of the Lab and provide a peak power
output of 4400 w. ' •

The cryo tanks used to supply reactants to these cells are the CSM."AES" tanks.
One each hydrogen and oxygen tanks contain 144 Ib H2 and 1375 Ib 0%, respectively.
These reactants supply a total of 1680 kw-hrs for a typical mission. The energy
available for experiments therefore is 676 kw-hrs. Since the average power of the
mission requires reactant flow rates that" are approximately double that specified
as "minimum allowable" for these tanks, no reactant loss due to boil off is antici-
pated .

The cells are actively cooled using 60 sq ft of radiator area to accommodate peak
arid normal heating loads.

2-3-2 Environmental Control

During the 45 day orbital mission duration, the temperature variations of the
various components and subsystems within the vehicle will be controlled by the Heat
Transport Section using a 60 sq ft space radiator in combination with supplemental
water boiling. The ECS radiator consists of four 15 sq ft panels mounted on opposite
sides of the descent stage. The control section provides sufficient flexibility
such that no thermal constraints are imposed upon the vehicle even.under extreme
environmental conditions.

These radiators, with a. LEM type water boiler, can accommodate about 3-1 kw of.
experiment load in addition to the housekeeping power. The total system capacity
for experiment cooling is approximately 834 kw-hr.

The Atmosphere Supply and Pressurization Control Section provides for airlock re-
pressurizations using the same regulation and delivery equipment as is used on the
LEM. A LEM ascent GOX tank functions as an accumulator to supply oxygen from the
EPS cryo-tanks. Gaseous nitrogen is stored in the LEM descent GOX tank and is
sufficient, in combination with the available oxygen, to pressurize the airlock
44 times.

Experiments may be integrated onto existing cold plate areas within the cabin
(500 sq in.) or onto existing cold rails in the aft equipment bay.

Mounting of experiments outside the vehicle is compatible with the planned ECS
system up to the thermal load limits previously described.

2.3.3 Stabilization and Control

The Lab carries a stabilization and control section for the purpose of providing
attitude hold during orbital operations. On the basis of power, operating life,
and thermal considerations, the LEM Abort Guidance and Control Section has been
selected over the Primary Navigation, Guidance and Control Section. Some modifi-
cations are required however to reduce the amount of propellant consumed during
undisturbed limit cycle operation. These changes include a modification to the
Rate Gyro Assembly to provide an increased sensitivity to determine vehicle rates
and a modification to the Attitude and Translation Control Assembly. To compensate
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for system drift, it is necessary to "update" the attitude reference system on a
periodic basis. This may be done in the Lab by interfacing the Alignment' Optical
Telescope to the Abort Electronics Assembly. .This interface consists of adding a
star -catalog to the AEA program and implementing the AOT signals into the Data
Entry and Display Assembly. These changes, as well as the changes to the RGA and
ATCA, are carried as part of the recommended configuration.

Additional sensors, such as horizon scanners or star trackers, may not be required
on every flight. As such, they are not carried as part of the Lab.

2.3i4 Instrumentation

A data handling section has been .added to the Lab to provide for recording, storage
and transmission of experimental data. The section consists of a modified LEM
Pulse Code Modulator and Timing Electronics Assembly (PCMTEA) and two modified GSM
type tape recorders. . ' "

The recorders are modified to (l) operate from LEM single Phase AC power (2) provide
increased digital data handling capacity by converting k analog tracks to digital
and (.3) increase .output dump rate to kÔ .6 kb/sec. The PCMTEA is modifed such that
the low bit rate is changed from the 1.6 kb/sec to a 12.8 kb/sec format. In this
mode of operation each tape provides k hrs of recording at maximum tape density and
a data compression of 32 to 1. The PCMTEA high bit rate remains at 51-2 kb/sec and
provides, one -hour of recording per tape (data compression eight to one). Each of
the above modes dumps data- at if09.6 kb/s and requires 8 min transmit time per tape.
Because .of the digital track modification, the recorders run at half speed.

It is anticipated that this capability will meet the requirements of every Phase II
mission.

2-3-5 Reaction Control

The LEM now carries two sets of RCS tanks. To provide sufficient capacity to meet
the anticipated needs of the Phase II Lab, two additional sets have been added.
These tanks are carried in the aft.equipment bay in areas made available by the
deletion of ascent propulsion components. Since the 0/F ratio of the RCS engine
during minimum impulse bit.firing is considerably less than that for which the
tanks are sized, it is desirable to, in effect, reverse the fuel and Ox tanks.
This change, together with the added tanks, produces a usable tank capacity of 1048
Ib. This quantity will provide a capability of 0-3 deg limit cycling for the entire
mission, with ideal rate sensing, provided no disturbance torques are present.

2.4 BASELINE CONFIGURATION

The baseline configuration is summarized in Table 2.3-l> as changes from the LEM
configuration. The principal difference between this configuration and the recom-
mended is that no airlock was carried, the GSM "Housekeeping" cryo tanks were used,
a capability to provide descent propulsion was required, and the P&W fuel cells were
used.. Other changes were generated from the fact that the baseline configuration
was mated to GSM which did not have a regenerable C02 removal system and did not
have a two gas cabin atmosphere.

_
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2.5 ALTERNATE CONFIGURATIONS

In arriving at the recommended Lab configuration, alternate methods of achieving
the mission requirements were studied. The candidates studied are summarized by
subsystem in Table 2.5-1.

2.5.1 Stabilization and Control

The most significant alternates considered to provide the attitude hold requirement
are the Primary Navigation, Guidance, and Control Section (PGNCS), momentum exchange
devices, and the present LEM Abort Guidance and Control Section (AGS) - un-modified.

The PGNCS can provide the attitude hold capability while consuming a minimum of
reaction propellant. It also possesses a capability for attitude reference updating
and could provide local vertical hold if required. The disadvantages of this system
are that it requires 240 w more power, has a lower operating lifetime, and prevents
the installation of experiment cooling loads on the back cabin bulkhead.

Momentum exchange devices, such as control moment gyros, inertia wheels, or fluid
flywheels, provide reduction in the amount of RCS propellant required for long
duration pointing. Preliminary sizing of a control moment gyro system indicates
that it requires iMj- w of power, weighs around 480 Ib, and has a diameter of 2-7 ft.

The LEM AGS may be used unmodified if its inability to sense reduced vehicle rates
can be tolerated. This inability might be allowed if, (l) the duration required
for fine attitude control is less than 6 days or (2) if the vehicle disturbance
torques are quite large. Since many of the missions, as presently understood, do
not satisfy either of these conditions, a modified AGS has been recommended.

2.5.2 Environmental Control

The alternates studied include the use of a separate cooling loop for experiments,
the deletion of the suit circuit assembly, and the elimination of the airlock.

A separate cooling loop .may be desirable for experiments that have restrictive
temperature requirements and therefore should not be subjected to the temperature
variations that occur in the "housekeeping" loop. This separate loop could use
components presently used in the LEM secondary coolant loop.

The suit circuit assembly is retained in the recommended configuration specifically
to support egress/ingress procedures during extra vehicular operations. This as-
sembly provides suit cooling while transitioning to the backpack and also provides
a capability to purge the suit of N2 before the suit pressure is dropped to 3.7 psi.
The suit circuit assembly could be eliminated if this support was provided by the
CSM suit system. This method creates an additional interface to the CM but pro-
vides a usable volume increase of 12 cu ft.

Trapsition to the backpack without suit circuit support requires development of new
checkout procedures, review of comfort and reliability standards and may entail
modification to the suit and/or backpack.
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The airlock provides a vehicle weight saving of 100 Ib based on a design require-
ment of Mi--egress'operations. Should the number of extravehicular operations be
significantly less than this-, it may be desirable to delete the airlock. The
effect of cabin depressurization upon overall laboratory operations must also be
considered. - . ' ' . • • • • . • • • • • • . . • . - . .

2.5.3 j^lectrical Power • " • ' ; • • • - . ' '

Both the Pratt & Whitney and General Electric fuel cells have been examined. These
power supplies have been compared with the Allis Chalmers on the basis of per-
formance, weight, and reliability. Although each of the three candidates are con-
sidered satisfactory, the General Electric design introduces a cooling system
penalty and also requires four cells instead of two. The Pratt and Whitney cell
has poorer step lead performance and, because of a larger and heavier design, does
not lend itself to easy integration into the vehicle. The energy available for
experiments is 625 kw-hr for the GE and 691 kw-hr for the P&W as opposed to 676
kw-hr for the Allis Chalmers design. The overall evaluation shows the AC fuel cell
to be the most desirable design for the Phase II Lab.

2.5.̂  Vehicle Design

Several airlock designs are presented for the Lab. Two of these configurations
involve the use of expandable structure and are attached to the front face of the
vehicle. These so called "front hatch" designs are advantageous in that the astro-
naut enters the airlock through the front hatch and can wear a "checked out" back
pack. One of these two designs is a common design with the Shelter. The disadvan-
tage of these types is that they must be retracted when not in use because of the
severe visibility restrictions created while extended.

The third type of airlock investigated is a rigid design which occupies the de-
scent stage center bay in an area made available by the deletion of the main pro-
pulsion function. Access to this airlock is made through the "ascent stage"
opening in the aft cabin floor. This chamber, kj inches in diameter, affords
several advantages over the front hatch design. It offers, in effect, another
85 sq ft of pressurized cabin volume when not being used as an airlock and can
also serve as a docking tunnel for rendezvous flights. A disadvantage is created
because of the restricted entry hatch diameter (requiring backpack donning within
the chamber) and because the design is not common with the Shelter. Although an
airlock is part of the recommended configuration, no specific selection has been
made as yet.

2.6 POTENTIAL MODIFICATIONS PER FLIGHT

Per flight modicications include the use of the "low profile" descent stage, the
incorporation of additional RCS tankage, the use of descent propulsion, the use
of additional storage boxes, and the incorporation of the viewfinder.

The recommended configuration is compatible with each of these except the use
of descent propulsion. This modification requires the relocation of the cryo tanks,
Also, the feasibility of controlling the combined LEM-CSM during descent engine
firing has not been established.

Aumman.
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The use of the low profile descent stage is compatible with the AES cryo tank
installation, but may require reconfiguration of the "standard" radiator panels.

The per flight changes are not included in the vehicle design since their in-
corporation is strongly mission dependent. These modifications, as listed in
Table 2.5-1, are discussed in the appropriate subsystem sections.
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Table 2.2-1

. PEASE II LAB
GUIDELINES AND ASSUMPTIONS

Item

Environmental
Control

• The' GSM ECS Shall Provide For The Removal Of Carbon
Dioxide. Excess Water Vapor, Odors, Trace Contami-
nants And Particulate Matter From The Combined CM
Lab Atmosphere During Routine Flight - ••

• The GSM Shall Provide All Water Required' By The Crew
For Drinking, Food Preparation And Personal Hygiene.

• The Lab Shall Provide For Recharging The PLSS
• The Lab Shall Provide For The Exchange Of Cabin Atmos-

phere Between The Lab And CM As Required To Maintain
The Former At Acceptable Humidity, Temperature And
Carbon Dioxide Concentration Levels

• For Phase II Missions, The Atmosphere Shall Be 5 psia,
70/o Oxygen 30% Nitrogen. Ambient Storage Of Inert Gas
Shall Be Employed. A Capability Shall Exist For Alter-
native Operation At 5 psia Pure Oxygen

• Lab Metabolic And Leakage Gas Requirements Shall Be
Supplied By The CSM

• There Shall Be No Requirement That One Crew Member Be
In A Pressure Suit At All Times

c The CSM Shall Incorporate A Two Bed Thermal Swing Molec-
ular Sieve For Carbon Dioxide Removal

• An Airlock And Associated Support Equipment Shall Be
Integrated Into The Phase II Lab

• Crew Metabolic Heat Loads Are Apportioned As Follows:
CSM ECS: All Latent Metabolic+Sensible Metabolic
Produced By CM Occupants
Lab ECS: Sensible Metabolic Produced By Lab
Occupants

• The Lab Airlock Is Decompressed To Effect Egress And Is
Unpressurized During EVA Experiments. -Only

• There Are No Fluid Hardware Interfaces Between The Lab
And CSM

• The Lab ECS Returns Cabin Gas To The CSM At The Same
Temperature At Which It Is Supplied (Nominally 75 ±

5°F).
• The Lab Suit Circuit Performs Carbon Dioxide, Excess

Moisture, Odor And Particulate Matter Removal Functions
In Support Of Airlock Operations Only (i.e., PLSS Transi-
tion)

• No Restrictions Are To Be Placed On Vehicle Orientation
Due To Thermal Control Restraints

• An Active Thermal Control System Will Be Used For Vehi-
cle Heat Rejection
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Table 2.2-1 (cont.)

Overboard Venting Of Cryogenic Oxygen And Hydrogen Is To
Be Avoided
Only Water Generated By The Fuel Cells That Is Not
Required For Any Other Purpose Is To Be Used In Water
Sublimators.
.Minimum Modification From Flight To Flight Overrides
Optimization For Any Particular Flight " "".'"
The NAA AES Cryogenic Storage Tanks Shall Be Used If
Thet Satisfy The Phase II Lab Missions' :

Instrumentation The Lab Module Carries Its Own Communications And Data
Handling System
There.Will Be No Data Interface Between The Lab And The
GSM ' .""
Video Transmission Will Be Through The CMS-Band Link
(Real Time Only)
Any Changes In The Operational Measurements Shall Not
Exceed The Present Lunar LEM Measurements
Maximum Utilization Of The Crew For Redundancy Monitor-
.ing And Failure Mode Corrections/Operations Will Be Used
All Operational Data Will Be Presented To The Ground
Line-Of-Sight Mission Phases Only (Real Time)
There Will Not Be Any On-Board Recording Capability For
Operational Data
All Vendor Supplied Experiments Will Provide Their Own
Signal Conditioning Compatable With The AES Experiment
Acquisition System
Experiment Data Will Be On-Board Recorded During Periods
Of Flight Not Covered By Line-Of-Sight
Experiment Data Set-Up, Pre Or Post Calibration And
Operation Will Be On-Board Controlled And Will Not Re-
quire Any Ground Uplink Support Capabilities
Experiments Requiring Analog Data Recovery Will Utilize
The Analog Portion Of The Experiment Tape System
All Experiment Data Will Be Considered "Passive" For
Ground Reduction (Not Requiring Real Time Display) On-
Board Display Of Selected Experiment Parameters Will Be
Available To The Astronauts
The Data Record, Dump Or. Re-Dump Requirements Will Be
The Responsibility Of. The Astronauts And Will Not Require
Any Ground Uplink Control

Electrical Power
Supply

• No Interchange Of Electrical Power Between The CSM And
The -Lab

• Use Existing Cryogenic Tank Designs
• Design Power Profile - a. 7-5$ Distribution Losses For

All Loads
b. 20$ Growth Allowance For All

Loads
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Propulsion

Table 2.2-1 (cont.)

c. Load Values Based. On LEM
Current Status Or Latest
Vendor Test Data

d. Housekeeping Power Provides
For Rate Stabilization Only

e. 19̂ 350 n.mi Synchronous Earth
Orbit With A 1080 hr Orbit

. Mission Time
• Fuel Cells Started Prior To Launch
• Experiment Energy Available Made Equal To AES Cryogenic

Tank Capacity Energy Minus Housekeeping Energy
• Voltage At Fuel Cell Terminals - 28 To 32.5

• Ascent And Descent Propulsion Subsystems Will Be Deleted

Structure • 'No Holes In The Pressure Shell
• No Modification To Ascent And Descent Primary Structure
• The Retention Of Existing Piping And Wiring
• Maintain Commonality Of. Subsystems Between Vehicles
• Wo Changes To The Spacecraft LEM Adapter (SLA)
• Location Of Subsystem Additions To Retain Many Of The

GSE Servicing Requirements In The SLA
• Experiments Will Be Mounted To The Vehicle At Existing

Hardpoints

Stabilization &
Controls

Crew Provisions

• All Translation And Orbital Maneuvering Capability Will
Be Supplied By The CSM

• The Lab Will Provide The Orbital Attitude Hold Capability
Within The Limits Of The Recommended Configuration
Capability Beyond These Limits Will Be Supplied By The
Experiment Package

• There Is No Electrical Interface For Control Between The
Lab And The CSM

• All Missions Have RCS In The Lab
• There Is No Main Propulsion System In The Lab
• The Lab Must Include A Capability To Provide An Inertia!

Reference
• The Addition Of External Sensors Such As Hoizon Scanners

Are Experiment Dependent And, As Such, Are Not Included
In The Vehicle Design

• Since There Is No Requirement For Translational Capa-
bility, Consideration Of Rotations Resulting from Trans-
lation Thrusting Along the ±Y Or ±Y Axes Are Omitted

• The CM Will Be The Crew Living Quarters
• The Phase II Lab Will Be Used Mainly As A Laboratory
• The CM Will Be Used As Crew Shelter During Unusual

Radiation Or Meteoroid Activity
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Table 2.2-1 (cont.)

• CM ECS Shall Incorporate A Two-Bed Thermal Swing
Molecular Sieve For COp Removal. The Present LiOH
System Shall Be Retained As A Backup For Emergencies
And For Pressure Suit Operations

• An Airlock Will Be Incorporated
• 'The Spacecraft Will Normally Carry A Three Man Crew,

With Wo More Than Two Men In The Lab At One Time
• There Shall Be No Requirement That One Crew Member

Will Be In A Pressure :Suit At,All Time
• Untreated Biological Wastes Shall Not Be Allowed To

Become Free Residue In Space
• The Waste Management, Waste Disposal Systems, Personal

Hygiene, Exercise, Rest-, Medical -And Recreation .
Equipment Is Assumed To Be; Located In The CM

• Crew Members Will Sleep In A Soft Suit t)n The CM Couches.
The Space Suits Will Normally.Be Dried, Serviced And
Stowed On The Couches.

• Food For The Mission In Excess Of Three Man-Days -Will Be
Stored In The Lab

• Food Preparation And Consumption "And Water Management
And Supply For Crew Use, Equipment Will Be Accomplished
In The CM • -

• Food Quantity Shall Be Based On An Individual Calorie
Intake Of 3000 K Calories Per Man Per Day

• Rechargeable Batteries Will Be Used For The PLSS
• Each Crew Member Requires -A New Constant Wear Garment

(CWG) Every Two Days
• One Pressure Garment, One Liquid Cooled Garment, One

Helmet And One Thermo-Meteoroid Garmet Are Located In
The CM Storage Containers

• No CM-LiOH Cartridges Will Be Carried In The Lab

RCS • The Lab Shall Be Used Exclusively For Attitude Hold
• Two Deadzone.Settings Are Available: ±.3 deg and ±.5 deg
• Gyro Rate Threshold Sensitivity Is Compatible With The

Vehicle Mass Properties Unless Otherwise Specified
• GSM RCS Shall Be Used For Transit And Orbital Slewing

• Functions Including Rolling Operations
•' The Marquardt 100 Ib .Thruster Performance Is As Follows:

Minimum Impulse (Standard Condition) = .J5± .15 Ib sec
Specific 'Impulse. (At Minimum Impulse) :-= 130 sec

-• • o/F Ratio (At Minimum^Impulse) = 1.3
•' Engine Life Time.Specifications:
' Burning Time =*1000 sec Total; 500 sec, Steady State;
500 sec Mih Impulse Cycling .. , .
Maximum Number of Cycles - 10,000 ' •

• -Unmodified Propellant' Tank Capacity Is ̂ 23 Ib Of Usable
Propellent . ' :

• Modified (interchanged Propellant Tanks) Tank Capacity
Is 52ll- Ib Of Usable Propellant

CONFIDENTIAL



Table 2.2-1 (cont.)

Communications

Displays &
Controls

Mass
Properties

• There Are No TV Or Data Uplink Requirements
• All Three Astronauts Will Have Continous Audio Capa-

bilities
• EVA Communication' To-The GSM Or Lab Will Be Via The

• VHF Link ' -
•" Earth S-Band Communication Link Is Always Available

Regardless Of The Intercommunications Mode
• Lab Status Data Will Be Transmitted To The Ground

During Line-Of-Sight Mission Phases
• There Is No Data Interface Between The GSM And Lab
• Lab Communications And Telemetry Subsystems Are Not

Dependent On GSM
• TV Transmission Will Be Via The GSM S-Band Link To

Earth (Real Time Only)
• TV Requirements Will Be Satisfied By The Present Apollo

GFE TV Camera. This Camera Will Be Deployed From The
CSM Through The Hatches To The Lab, With The Power Cable
Extending From The Camera To The CSM S-Band Subsystem

• There Will Be A Hardline Intercommunications System
Between The CSM And Lab. The Hardline Can Be Used When
The Lab Is Depressurized

• The Required Lab Displays Should Be Incorporated With A
Minimum Of Modification To The Existing Console Layout

• Maximum Use Should Be Made Of LEM Type Controls And
Displays For Modifications

• Experiment Weight Is Not Included In The Baseline Or
Recommended Laboratory Weights

• Water, Oxygen, LiOH And PLSS Batteries For 16 And kk
EVA's Are Provided By The Baseline And Recommended Labs
Respectively

• Food And CSM LiOH For kk Days Are Carried In The Baseline
Lab

• Food For hk Days Is Carried In The Recommended Labs
• Experiment Weight Must Include The Following Dependent

Items In Addition To The Experiment Itself
- Supports And Mounts
- Micrometeroid And Thermal Shielding
- Signal Conditioning And Sensors
- Electrical Wiring

Controls And Displays
- GN&C For Special Requirements
- Electrical Power, Propellant, Oxygen And Water (And

Associated Hardware) For Requirements In Excess Of
Above

(~ZMtm/na/L
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Table 2.2-1 (cont.)

AES (CSM) Maximum Volume Cryogenic Tanks (l Hydrogen
And 1 Oxygen) Plus Allis-Chalmers Fuel Cells Utilized'
In The Recommended Configuration Result In 676 kw-hrs
Of Available Experiment Energy; AES (CSM) Housekeep-
ing Cryogenic Tanks. (2 Hydrogen And 2 Oxygen) Plus
.Pratt & Whitney Aircraft Fuel Cells Utilized In The
Baseline Configuration Result In 65^ kw-hrs Of Avail-
able Experiment Energy
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_ Fig. 2.3-1 Phase II Lab Level I Functional
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NOTES

IS A TENTATIVE FUNCTIONAL DIAGRAM OF THE
PHASE H LAB

It ARE TWO DATA STORAGE UNITS IN
DSEA

AES PHASE H LAB VEHICLE MUST BE CAPABLE OF RETAINING
FOLLOWING:

STRUCTURS- BASE HEM" SHIELD,LOWER-DECK INSULATION
STABILIZATION (CONTROLS- GDA (DEC.A
NAVIGATION < GUIDANCE - IMU.L&C, PTA, PSA,CDU
CONTROLS < DISPLAYS - OSKY

OR MODIFICATIONS TO STRUCTURES-AIRLOCK ADDED, M/M
LDING MODIFIED ( LANDING GEAR REMOVED

ITIONS TO THE BASIC LEWI CONFIGURATION FOR CREW PROVISIONS
BACKPACK LIOH CARTRIGES EXTRA FLOOD LIGHTS
OD FOR44 DAYS Z WORK TOPS < WORK TOP LIGHTS
IATTERY CHARGER 66 CONST WEAR GARMENTS
>EAT BACKPACK BATTERY CAPABILITY MOO.
30ME LIGHT 1044

ET10NS TO THE BASIC LEW ODNF. FOR CREW WttVISIONS
iM UOH CANISTERS EVA LIFE LINE
JNAR SPECIMEN CONTAINERS WER PROBE AND HOLSTER
TILL CAMERA

TAINS TWO VSR'S (ONE SPARE}

SYMBOLS

ABBREVIATIONS . » « OXY6EN LINE
« OPERATIONAL ____ • w.Ttl, , ...c
r MEASUREMENT!) ' W" tR LINE

= GASEOUS OXYGEN * * » OHl&ZER LINt
= SIMPLEX 1 - • — =w CCX)LANT LINE
= ALIGNMENT OPTICAL TELESCOPE
-- COMMANDS ' ' T » HEL1UM LINE

i = WATER - 1 - '— = FUEL LINE

xvSEN

-- ATTITUDE < TRANSLATION CONTROL ASSEMBLY H H HT HYORO&EN LINE
. = DESCENT ENGINE CONTROL ASSEMBLY o o MECHANICAL LlNKAtr
I = SYNCHRONIZATION
1 : SIGNAL

= VERY HIGH FREQUENCY
> = EXPERIMENT
, = ELECTRICAL CONTROL ASSEMBLY
i ' DIRECT CURRENT
: = ALTERNATING CURREXT
I = COMMAND SERVICE MODULE
I : ANNUNCIATOR
I = INFORMATION
I = VOICE STORAGE RECORDER
i = PORTABLE LIFE SUPPORT SYSTEM
. = SUBSYSTEM
: - HELIUM
) : INDICATOR
/ •- CAUTION <WARNIN6
, : TRANSLATION CONTROL ASSEMBLY
> : KFTITUDE CONTROL MSEMBLY
> = RATE St*0 ASSEMBLY

= ASSEMBLY
I = TRAtlSMITTER
f RECEIVER
I - TRANSCEIVER
•, = POWER AMPLIFIER
I = CHASE MOCULATION
i = FREQUENCY MCOVILATION
i = INTERNAL COMMVWICATIONS SYSTEM
^DISPLAY KEYBOARD
'. --'INSTRUMENTATION SUBSYSTEM
i -- CONTROLS
t = NON RETURN TO ZERO
( • VOICE OPERATED SWITCH
I = COUPLING DATA UNIT
''DUPLE*
I = EITRA VEHICULAR MOBILE UNIT
I - PULSE CODE MODULATION
K • POWER SERVO ASSEMBLY

Fig. 2.3-1 Phase II Lab Level I Functional
Block Diagram (Sheet 2 of 2)
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Table 2-5-1-

Phase II Lab

CANDIDATE CONFIGURATIONS

(IV)2-21

.Item Candidate Configurations
Per Flight

Modifications

Structure
(Vehicle Design)

LEM Structure With AC Fuels
Integrated Into Aft Equipment
Bay Including

- Expandable Front
Hatch Airlock (Cylin-
drical) Or:
Rigid Descent Stage
Airlock Or:
Expandable Front Hatch
Airlock (Shelter
Design)

Use of P&W Fuel Cells
Use of GE Fuel Cells
Alternate Radiator Instal-
lations and Variable. Radiator
Area Designs

Incorporation of
Viewfinder
Descent Stage
Compartment
Descent Stage
Airlock-(Docking
Tunnel)
Additional RCS
Propellant
Low Profile
Descent Stage

Stabilization &
Controls

Modified Abort Guidance System
With Changes to RGA and ATCA
Unmodified Abort Guidance
System
Modified Abort Guidance System
Deriving Rate Information Prom
ASA
Modified Abort Guidance System
With New RGA Assembly
Use of Primary NAV Guidance
System
Modify Jet Logic to Use All
Thrusters
Use of Other Torque Generating
Devices
Use of Low Level Thrusters

• Reduce Narrow
Deadband To 0.1
deg

Crew
Provisions

Basic LEM With Changes Con-
sistent With Other Subsystems
.And Additional Storage of
Expendables External To The
Vehicle
Lab With Descent Stage Airlock-
Docking Tunnel

Additional Stor-
age Boxes
Descent Stage .
Compartment
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Table 2.5-1 (cont.)

Item Candidate Configurations
Per Flight
Modifications

Crew
Provisions
(cont.)

Lab With Front Hatch Airlock
(Cylindrical) And Desc Stage
Compartment
Lab With Front Hatch Airlock
(Shelter) And Desc Stage
Compartment
Lab With Suit Loop Removed
And Addition Of A Rear Facing
Console .

Environmental
Control

Active System With 60 sq ft
Radiators, Combined ECS & EXP
Cooling/Loop, 2 Gas Airlock
Press System, Separate F.C.
Cooling Loop
Same As Above Except One Gas
System With No Airlock
Use of Separate Cooling Loop
For Experiments
Deletion Of .Suit Circuit
Assembly (ARS)
Deletion of Airlock - .Two Gas
Cabin Repress System

Instrumentation LEM Operational System With
Data Handling System Using
CSM Recorders Modified For
Single Phase Operation, Out-
put Of U09.6 kbps, .Conversion
Of k Analog Tracks To Digital,
And Half Speed Mod.
PCM Low Bit Rate Converted To
12.8 kbps
LEM Operational System With
Data Handling System-Using
CSM Recorders Modified For
1*09.6 kbps.
'PCM Low Bit Rate Is Converted /
To 12.8 kbps - - - - - - • /
LEM Operational System With
Data Handling System Using
CSM Recorders Modified For
Single Phase Operation And
Output of 409.6 kbps.

'Electrical Power
Supply

AC Fuel Cells With AES Cryo
Tanks & 5 kw-hr Peaking
Battery; 60 sq ft Radiator
P&W Fuel Cells With CSM House-
keeping Tanks;. 50 sq. ft
Radiator ... .—
Use Of GE Fuel Cells
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Table 2.5-1 (cont.)

Item

Propulsion

RCS

Communications

Displays And
Controls

Candidate . Configurations

• Not Applicable (No Main Pro-
pulsion In Labs)

• Double LEM RCS Tankage With
Fuel And OX Lines Reversed

• Use of Low Level Thrusters
• Multiple RCS Feed Systems

• Hardline Intercom And Addi-
tional FM Data Channel-U09. 6
kbps

• Hardline Intercom And Addi-
tional PM Data Channel (Mod
Spa)

• Coupled S-Band In Flight
Antennas

• S-Band Transceiver Cycling
• Addition Of Internal TV Jack

• Basic LEM Displays And Controls
Modified As Appropriate

Per Flight
Modifications

• Use of Descent
Propulsion

• Additional RCS
Tankage

.

(~JAummasL



3. MISSION ANALYSIS

3.1 MISSION OBJECTIVES

The Phase II Laboratory will be utilized in conjunction with an Apollo GSM to
perform manned Earth and Lunar orbital experimentation missions. The Phase II Lab
will be required to perform at its nominal design performance level for durations
up to 1*5 days.

The Lab flights, each one at a specific orbital altitude and inclination, will be
required to actively support extensive orbital experiments and observations
conducted in the Lab in the areas of:

• Basic scientific research

• Applied science and technology

• Engineering validation of design configurations

• Testing and qualification of crews, systems, subsystems and components
for space missions.

In supporting this activity, the Lab is required to provide electrical power,
attitude hold, data handling, and other support functions to enable crewmen to
perform the in-orbit experiments.

3.2 GROUND RULES AND ASSUMPTIONS

The following ground rules and assumptions were utilized in the selection of the
basic Phase II Laboratory configuration:

• Lab shall provide attitude hold capability with.no control interface
with the CSM. Slewing capability will be provided by the CSM. Lab
attitude shall not be constrained by temperature control of the space-
craft .

• Lab will provide oxygen (GOX) for repressurization, leakage and recharg-
ing PLSS.

• No crew system water to be carried in the Lab except that required to
recharge PLSS.

• Lab1 will provide atmosphere circulation between modules.

• No communications interface with CSM except for TV camera and intercom
hardline.

• No power interface with CSM. Lab provides own power for housekeeping
activities and experiments.
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• Lab carries LiOH (PLSS), and food in excess of three man days.

• Descent propulsion system vis'not required.

• Illumination, radiation and meteoroid environment shall not inhibit or
constrain any LAB mission.

•. Provisions shall be made to support EVA excursions throughout the-
•mission duration. ; '•".• • . :; - '. •
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3.3 ANALYSIS

3.3.1 General

The detailed study of the Phase II Lab missions has resulted in a determination
of the experiment-related average power and energy requirements. These are listed
in Table 3-3-1 for Lab flights. It is noted in Paragraph 5.1 that the Lab can
provide 676 kw-hrs for experiment support including operation of experiment depen-
dent subsystems. This amount of energy will meet the requirements of the Lab
missions as they are defined in the Phase A Final Report, Addendum 1.

3.3'2 Subsystem Experiment Support - General

Laboratory attitude hold and stability requirements were prepared for all Lab mis-
sions for sizing of the S & C and RCS systems, in'accordance with the ground rule
that the Lab provide orbital attitude hold control and pointing capability for
mission experimentation. Attitude hold is provided about all three principal axes
within two deadzone limits: ±5.0 deg and ±0.3 deg as'discussed in Paragraphs 4.3
and 5.4. Figure 3-3-1 shows' the RCS prqpellant flow rates for undisturbed limit
cycle operation. The existing LEM deadband limits of 5 and 0.3 deg are shown for
various rate threshold limits. 'The present rate threshold.limitation (0.01 deg/sec)
is shown along with the recommended "design goal" value of 0.001 deg/sec. The
minimum impulse line represents the limitation on the system caused by RCS thrust-
er sizing. These data are derived from an extensive analysis shown in Paragraph
4.2. It is noted that the capacity of the RCS thrusters is doubled for the Lab
missions.

Figure 3-3-2 illustrates the depletion of available experiment energy as a function
of attitude hold duration for the ACS and the PGNCS. Figure 3-3-3 summarizes the
energy required for data handling. The energy available for Lab experiments must
therfore consider these aforementioned subsystem dependent requirements.

In addition, the communication requirements over the housekeeping allowance must
be considered. Figures 3-3-4 and 3-3-5 summarize the communication energy require-
ments for the 200 and 19,350 n.mi Lab orbits, respectively, as a function of duty
cycle and mission duration. •

An investigation into the egress-ingress capability of the Lab involving PLSS re-
charges and cabin/airlock repressurizations was performed and a detailed discus-
sion of this investigation is presented-in Paragraph 5«2.3.4. Weight and volume
allocations have been made for 44 backpack batteries and 44 LiOH canisters. Ad-
ditional batteries -may be carried at a weight penalty of 5 lb each and additional
LiOH canisters may be carried at 4.5 lb each.

It is normally assumed that, during EVA activity by one crew member, a second crew
member is- operating from the suit loop on standby within the Lab cabin. This opera-
tion involves 152.2-w power expenditure to operate the suit loop fan.. This penalty
is also considered 'as experiment dependent subsystem operation.

3'3-3 Subsystem Experiment Support - Sample Calculation

The following procedure is suggested for determining the energy penalty for experi-
ment dependent subsystem-operation:



o Sample Mission - Synchronous Orbit

o Mission duration- k^ days

o Attitude Hold Duration- 120 hr . ' . , . : -

o Communication Time- . 50$ of Mission Duration : ..

. o EVA Time (suit loop operation)- 5 br

o Data Transmission- $0% (same as communication time)

• Calculation ••-•'••

o Energy available (Fig. 3-3-2) = 630 kw-hr

o Penalty .for data handling .
: . -(Fig.:3.3-3)(600 hr . . . . '_ . ,

; . recordr50$ transmission) = 46.5 kw-hr . :

o Penalty for Communications (Fig. .3-3-5) 4l kw-hr - housekeeping allov =
l.U kw-hr . (-39.6 kw-hr),. . . . . . ,

-• - o ;Penalty f o r suit loop . . - . . . • • • • . . . '.'•...
. -,..-• operation 125.. w-x/5 hr .76 kw-hr

o Net available for experiments = 58l.3̂  kv-hr

3.3-^ Environmental Protection Requirements .

3.3.U.I Micrometeoroid Hazard Evaluation .

3.3.4.1.1 Environment. The micrometeoroid environment used is that defined by LEM
specification ISP-4JO-1A. The sporadic flux is presented as an average isotropic
flux that is .constant throughout the regions of space.applicable to the AES missions,
It is modified only by the..planetary shielding factor determined by each mission's
trajectory. . Shower meteoroids.are not included.. ' . . • • ' . . , I

3.3.U.1.2 Approach. ,. LEM specification ISP-VfÔ lA presents criteria for defining
the micrometeoroid protection provided by single and.double,skin areas against both
primary (sporadic) and secondary micrometeoroids. It does not contain criteria for
handling configurations: with more.than two skins or double skins with small separa-
tion distances. Such situations were conservatively analyzed by omitting the thin-
nest skins until the configuration fitted the LEM specification. The. analysis was
performed for the "recommended version of.-the Lab configuration, with no micrometeor-
oid shielding assumed in addition to that provided for the LEM*

Many approximations had to be made to estimate the meteoroid protection provided by
the complicated Lab structure, of spherical and cylindrical shapes enclosed by flat
surfaces. Since the penetration mechanics for the back-up skin are strongly
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dependent on this skin's distance from the bumper skin, the critical areas exposed
to,meteoroids by spherical and cylindrical tanks were divided 'into two sections:
(l)' the 'cap area which is an area of the tank closest to the bumper, and (2) the
donut area which is a section-of the tank area adjoining the. cap. The--distance
from the'bumper to each section's point of closest approach was used to ensure
conservative calculations. (Fig. 3-3-6). . '

The critical areas were also sized by their cone of exposure to the isotropic flux.
A very conservative 2 *• solid angle was applied in most cases. A nominal critical
area was added to include the effect of such miscellaneous terms as black boxes,
wiring "and tubing. . • .. •

Though shielding of the descent .stage by ascent stage structure, and vice versa,
was incorporated, shielding by the CSM. was not included;to make the calculations"
applicable to missions in which the Lab and; CSM may s.eparate.

3«3«^'1'3 Computer Program. The Lab basic design was described in terms of criti-
cal areas, exposure periods,, skin thicknesses and skin separation distances, and
the information fed'into the computer program which contained the LEM protection
criteria. When a particular combination of skin thicknesses and separation distance
for a specified critical area resulted, in the bumper skin tno thin to melt the .
microm'eteoroid,-the size of .the micrometeoroid-was reduced to the melting point and
the probability of such a particle impacting during the mission was determined.

The program evaluates both an existing.vehicle's structure for the probability that
it will not be damaged by micrometeoroids during its mission, and can be used to
determine those locations where shielding would be most efficiently applied.

S-S-^-l-^ Micrometeoroid/Hazard Results^ The results of four missions evaluated
for a basic Lab configuration are presented in the following table. Mission success
is defined as the probability that the Lab will survive ^5 days with no penetration
of any component required for mission operation. Crew safety is defined as the
probability that no pressurized ..tank or the cabin will be punctured, and it is as-
sumed that the Lab cabin is manned for ^5 days in earth orbit and 28 days in lunar
orbit.

. Mission • . Crew Safety Mission Success
200 n.mi Earth Orbit . • .99873 -998U8
Synchronous Earth Orbit . -99810 . -99772
20 n.mi Lunar Orbit .99898 .99878
'80 n.mi Lunar Orbit . '-• .. .99886 . -99863

The radiators are not included in-.these numbers..because they will require protec-
tion. Without protection they have a mission success probability of .98985. With
itO mil aluminum strips covering the tubing, the probability increases to -99937̂ -
The weight of the aluminum stripping is 7 lb- By shaping the strips into a bumper,
this probability should increase further. The crew safety and mission success
numbers are sufficiently high such that additional shielding in areas other than the
radiators does not seem to be required.
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3. 3- ̂-.2 Radiation Environment - . . . . .

3.3 .4.2.1 Introduction. The radiation environment .assumed for .the Lab missions
consists of both the Earth's trapped radiation belt and solar- flare particles for
the polar and synchronous Earth orbit missions; and trapped radiation belt parti-
cles for the low inclination orbit missions. For lunar missions, only the solar
flare events were considered. The solar flare model used was obtained from LSP-

3.3-^.«2.2 Solar Flares. The effect of solar flares on the polar, synchronous and
lunar orbit missions would be to either (l) cause mission abort if the flare were of
sufficient intensity to cause the crew in the CM to receive their allowable emer-
gency dose (500 RAD skin dose), or (2) postpone the scheduling of crew activities
if the intensity of a flare were such that the crew would receive a dangerous dose
in the Lab but would be relatively safe within the CM. The latter situation is
more likely since the ratio of dose received in the CM to dose received in the Lab
is approximately 1/20. This assumes an equivalent shielding effectiveness of 1 lb/
ft2 for the Lab and 10 lb/ft2 for the CM. Estimates were made of the probability
of mission abort and the probability of rescheduling crew activities, due to solar
flare activity, for a 4-5 day mission. The results are shown in the following table.
The -reschedule probability is smaller for polar orbits than either synchronous or
lunar orbit because the spacecraft is protected by the Earth's magnetic field dur-
ing a portion of each orbit. .

Effect of Solar Flares

.Lab Probability of Affecting Mission .
Mission
Duration ' Polar Synchronous & Lunar
(Days) Abort Reschedule Abort ' Reschedule .

7 0.001 0.015 0.001 0.03
Ik 0.002 0.03 0.002 0.06 -
1*5 0.006 0.09 0.006 0.18

The probability of having to abort a polar, synchronous or lunar orbit mission due
to solar flare activity is relatively low. However, the flare activity could
cause a delay in the crew's Lab activities for a period of 48 hr, which is the
approximate duration of a high intensity solar flare.

For the lunar- orbit missions, an abort might be initiated even if the allowable crew
dose limit were not exceeded. This is due to a combination of reasons, among them
the inability to predict, solar flare intensities in advance, the fact that large
solar flare events tend to occur in. multiples/ and, the relatively long transearth
coast times. ., . - .

3.3.4.2.3 Radiation Belts. A literature search has indicated that there is a wide
variation in the predicted dose rates from the Earth's, trapped radiation belts.
These variations are mostly due to the uncertainty in the rate of decay of the
artificial electron belt at low orbital altitudes, and the large fluctuations that
have been observed in the electron fluxes at higher orbital altitudes due to ex-
traterrestrial disturbances. An estimate has been made of the effect of the trapped
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radiation belt for a 200 n.mi, 30 deg inclination orbit as being representa-
tive of the environment to be encountered, by an Earth orbiting Lab. The dose
rates would be- reduced by about a factor of two. for a 200 n.mi polar orbit. No
consistent estimates were available of the dose rates that would be encountered
in a synchronous orbit. The allowable doses in the radiation belts were taken
to be the allowable average yearly exposure values of 233 RAD. skin dose and 27
RAD dose to the eyes from LSP-470-1A. Estimates of the average dose in a 200
nautical mile, 30 deg, inclination orbit within the Lab range from one to four
RAD per 24 hour day. The upper limit of four RAD per day was chosen to be con-
servative. Preliminary crew time line analysis has indicated that no crew mem-
ber would spend more than 6 hr consecutively per day inside the Lab. Thus the
average daily 24 hour dose rate inside the Lab becomes one RAD/day. The accumu-
lated dose inside the CM would be of the order of 0.1 RAD per day yielding a
'total daily dose of 1.1 RAD per day in orbit. Therefore, the allowable skin dose
would be exceeded after about 210 days in orbit and the allowable eye dose would
be exceeded after about 24 days in orbit. The eyes can be comparatively easily
shielded using goggles. The amount of eye protection required as a function of
the desired increase in allowable exposure time is shown in Fig. 3-3-7. For
example> the addition,of approximately 0.020 in. of glass would be sufficient to
permit.a 45 day .orbital-mission without exceeding the allowable eye dose.

3.3'5 Simulation Requirements '

The increased inertia of the combined GSM/Lab relative to the LEM, and RCS pro-
pellant consumption considerations, dictate the need for improved attitude rate
sensitivity sensing (in the range of 0.001 deg/sec). The method selected to-solve
the rate gyro threshold sensitivity problem should be verified by simulation.

In addition, the following alternatives, if adopted, could require simulation sup-
port': .. • . -

• Modify- Abort Sensor Assembly (ASA) and Abort Electronics Assembly (AEA)
to provide lower rate threshold.

• Provide new Rate Gyro Assembly (RGA) to provide lower rate threshold.

• Retain Primary Navigation and Guidance in lieu of the Abort Guidance
System. ;

• Install Control Moment Gyros and/or inertia wheels to provide accuracy
. levels and reaction jet fuel savings.

Systems simulation may..also be required to verify results of fuel cell evaluation
studies, and to-verify performance of the selected fuel cell system.
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3.U MISSION DESCRIPTION . . -

The AES Phase II Lab will. be required to perform up to U^-day manned experiment
missions in the following orbital modes: :

• Earth Low Inclination Orbit • ...

• Earth Polar Orbit

• Earth Synchronous Orbit "

• Lunar Polar Orbit - .

Mission profiles are shown in. Tables 3.«̂ -l through 3-^-^. .

3.4.1 Earth Low Inclination Orbit .

a) A two stage Saturn IB is used to launch an unmanned Lab into a 200 n. mi
28.5 deg inclined circular .orbit. A CSM is then launched by a two stage Saturn IB
into a similar orbit to achieve rendezvous, docking and crew transfer. A ,^5 .day.
experimentation mission is then conducted.

b) A three stage Saturn V vehicle launches the CSM- Lab II directly into a
200 n. mi 28.5 deg inclined circular orbit. '

3.4.2. Earth Polar Orbit '- ...

A three stage Saturn V vehicle is used to launch the CSM-Lab in a south-easterly j
direction from KSC. A yaw-steering maneuver is initiated at the beginning of secr
ond stage flight to obtain a 200 n. mi polar orbit of 90 deg inclination. The
launch azimuth and magnitude of the yaw rate will be selected to minimize launch
vehicle impact hazards to populated areas. Minimizing launch vehicle impact haz-
ards may also require yaw- steering during first stage burn. A capability to
achieve an 83 deg retrograde orbit shall also be provided.

3.4.3 Earth Synchronous Orbit

The CSM-Lab is launched by a three stage Saturn V into a 100 n. mi 28.5 deg
inclined circular parking orbit. The SIVB stage is re- ignited at the fourth de-
scending nodal crossing to perform a 2 deg plane change and simultaneously initi-
ate a Hohmann transfer to synchronous orbital altitude of 19,350 n. mi. At apogee,
the SIVB stage is again ignited to perform a plane change of 17-5 deg and partially
circularize the orbit (perigee = 5,l40 n. mi). The CSM then transposes and docks to
the Lab and the SIVB .is jettisoned. Upon completion of one orbit at apogee the
SPS is utilized to inject the CSM-Lab into the final, circularized equatorial
synchronous orbit.
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3.U.U Limar Polar Orbit ' -

•A three-stage .Saturn V launch vehicle .launches the CSM-Lab into essentially the
same .trajectory as the current Apollo to a point near the moon (to be determined).
At this point a small Av is applied to obtain the desired lunar orbital inclination.
Near pericynthion. a retro ..or braking maneuver is performed to place the spacecraft
into lunar orbit. At completion of the 28 day orbital stay the spacecraft will
perform a multiple or single impulse transearth trajectory, whichever is optimum.
The. single impulse trajectory could be similar to the current Apollo mission except
it will probably occur at a different lunar orbital location. The multi- impulse
trajectory is currently envisioned as a two- impulse trajectory with 'one impulse in
orbit and the second at the "moon's sphere of .attraction". Reentry and recovery are
similar to that of the current Apollo mission. Anytime abort will be retained
where possible. However, free return is" not a trajectory requirement.

3.5 MISSION TIMELINES

A detailed analysis of Flight 513, the first Phase II Laboratory mission of 1*5 days
duration as defined by the LEM for AES Blue Book, was conducted to check mission
related effects upon the Lab system configuration and to develop a representative
mission time line in terms of crew scheduling and experiment equipment ,duty cycles
for a Lab mission.

Flight 513 has been treated as a primary biomedical and behavioral experiment
flight. The basic experiments involve biomedical and behavioral phenomena associ-
ated with prolonged weightlessness. In addition, space science experiments related
to radiation, magnetic field lines and the generation of comet-like particle clouds
will be accomplished. Also, operational tests of sensors of the Earth's atmos-
phere and the collection of meteorological data are to be performed as shown in
the mission timelines. Table 3-5-1 lists the various experiment requirements and
mission parameters for this particular flight. The energy requirement for this
mission is 136.2 kw-hr based on experiment equipment utilization only.

All the experiments except the 0802 series have been scheduled to meet their desig-
nated frequencies. The total time devoted to experimentation is 1300 out of a
possible 1335 man-hrs. The biomedical/behavioral series developed by Grumman dur-
ing Phase A was used as the primary experiment objective. A complete description
is provided in Volume 1, Section 1 of the Phase A Final Report, Addendum 1. A
summary of Flight 513 experiment and crew duty cycle for ^5 days is tabulated in
Table 3-5-2. This is based on an analysis of crew scheduling and duty cycles.
The basic data for the experiments to be conducted on Flight 513 were extracted
from Volume k of the Addendum 1 report. Experiment requirements and parameters
were somewhat modified because of commonality of equipment, length of mission and
return payload requirements as well as variations in primary emphasis of the
experimentation.

The mission timelines indicating the power, pointing and stability requirements •
during the experiment equipment duty cycling for Flight 513 is shown in Table 3-5-3-
These profiles are representative of the full ̂ 5 day mission for experiments only
and were utilized to verify Lab subsystem sizing study results.
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3.5 MISSION TIMELINES (Continued)

General housekeeping and initial Lab systems checkout information is provided in
Table 3«5-^« Also listed is the time required to conduct-systems check and status
monitoring as well as space suit and PLSS check out and final Lab shutdown time..

The Lab system check and status monitoring time (averaging 6 min at 2 hr intervals
for entire mission) is. based on Table .̂U-7 which tabulates the required house-
keeping activities and subsystems to be checked. The spacesuit and PLSS checkout
time is accomplished prior to every EVA. It is noted that the EPS fuel cells are
purged .during every third subsystem status check or once every 6 hr. .



Table.3-3-1

ELECTRICAL ENERGY REQUIRED :FOR PHASE II LAB'S EXPERIMENTS
(Based on' Phase A Study)

(IV0.3-11

Flight No. '

218

219

221 ;

516

518" ' '•

521 >
523 ••-,"•;•.-''''
229 . '-; ' •'•>

LOS w/o mapping
radar

LOS with mapping
radar

Avg Exp Power
Delivered, watts

62

162-

•"90

535

' , U87

108

368

1O2 .-'"'

• ; -:'

- _ • ' . . :

kw-hr
for Exp

67

175

97

578

- 525

117

397

' U5

27U

611

NOTE: Plight 230 is not an applicable .Phase II Lab design
candidate since it consisted of a descent stage only.

ftummaa.
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Max. Solid Angle

Fig. 3.3-6 Critical Area Sectioning
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Table 3.4-1

MISSION PROFILE LOW . INCLINATION EARTH ORBIT

' . Low-Incl, 28.5 deg; Alt, 200 n.mi

Mission Phase

1. Saturn LB Ascent to
Orbit (LEM Lab)
a) S-1B Firing
b) S-IVB Firing
c) LES-B.P. Jettison

2. Earth Orbit Coast
S-iVB Stabilization
a) Subsystems status

check • .

3. S-IVB Lab Separation
a) SLA petal deploy
b) LMP initiates Sep.
c) IMP shuts down S/S

IK Earth Orbit Storage
(Lab Unstabilized)
a) LMP activates S/S

for status checks .

5. Saturn IB Ascent to
Orbit
(GSM & Crew)
a) Same as la & b
b) LES Jettison

6. Earth Orbit GSM C/0

7. CSM-S-IVB Separation

8. CSM Rendezvous with Lab

9. CSM Active Docking
a) IMP stabilizes Lab
b) CSM docks

Norn Phase Time,
'hr: min: sec .

00:12:00

03:00:00

00:20:00

To Be Determined

00:12:00

00:30:00

00:05:00

Variable

00:15:00

Objectives
Supported

• Demonstrate integrated
mission control. Appli-
cable during ail phases
thru CSM- Lab docking.

• Demonstrate operation of
.modified LEM systems after
being subjected to boost
environment .

• Demonstrate ability of
LEM Lab FCS, EPS, Inst.
& Comm. equipment to per-

- form during unmanned
orbital storage. -

• Demonstrate unmanned LEM
Lab FCS ability to
operate after orbital
storage and effect dock-
ing with a manned CSM.
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Table 3.^-1 (cont)

Mission Phase

10. Lab c/o : .'•'•"• ;;
a) Crew transfer ;. .
b) Lab C/O

11. Earth Orbit' Lab " •
Experiment Operations :
Typical "''
a) Biomedical & be-

havioral studies
b) EVA. studies:

c) Radiation monitoring

12. Lab shutdown and equip-
ment and data transfer
to GSM -;• . . '•••:'•_

13 . Preparation . for .CM- entry
a) Lab jettison
b) SPS deorbit maneuver
c) SM Jettison

ik . Entry

15. Parachute Descent

16. Post landing through
S/C retrieval

Norn Phase Time,"
Hr : min : sec .. •

01:30:00

ih days
336:00:00

01:30:00 • .

00:10:00

00:11:00

00:07:00

Variable

Objectives
Supported

.

• Evaluate extra vehicular
crew operations.

• Evaluate Lab data
; . management system.

• Demonstrate capability
of modified LEM ECS &
crew provisions to
support life.

• Demonstrate performance
'of modified LEM struc-
ture & insulation.
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Table 3. ̂ -2

MISSION PROFILE EARTH POLAR' ORBIT

Incl, 90 deg; Alt, 200 n. mi

Mission Phase
Norn. Phase Time,
hr: rain: sec

Objectives
Supported

Saturn V Ascent to
Polar .Orbit
a) S-1C Firing
b) S-ll..Firing (Yaw

Steering)
c) LES Jettison
d) S-IVB Firing (Yaw

Steering)

00:16:30 Demonstrate LEM Lab
Structural integrity after
Saturn V yaw steering
maneuvering to effect a
polar .orbit.

Orbit Coast - S-IVB
Stabilized
a) CSM C/0

03:00:00

CSM Transposition &
Docking
a) - CSM .S-IVB Separation
b) CSM Transposition
c) CSM-LEM Lab Docking
d) LEM Lab S-IVB

Separation

00:30:00

LEM Lab C/0
a) Crew Enters Lab
b) Activation & C/0

of Lab Subsystems

Earth Polar Orbital Lab
Experiment Operations:
Typical
a) Biomedical &

behavioral studies
b) Lunar survey equip-

ment C/0 (Earth
mapping)

c) Weather studies

02:00:00

lk days
336:00:00

• Demonstrate performance of
modified LEM S/S after being
subjected to boost environ-
ment.

• Evaluate EVA crew operations.

• Demonstrate the Earth pointing
capability of Lab flight con-
trol system.

• Demonstrate the performance
of the modified LEM struc-
ture & insulation over a "Lh-
day Earth orbital mission.

• Evaluate radiations levels
throughout mission duration.

• Demonstrate the capability of
the modified LEM ECS and crew
provisions to support life
over a ik days Earth orbital
mission.
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Table 3.4-2 (cont.)

Mission Phase

6. LEM Lab shutdown &
equipment and data
transfer to CSM.

7. Preparation for CM re-
entry
a) Lab jettison
b) Service propulsion

deorbit maneuver
c) SM jettison

8 . Entry

9- Parachute descent

10. Post landing through
S/C retrieval

Norn Phase Time,
hr: min: sec

01:30:00

00:10:00

00:11:00

00:07:00

Variable

Objectives
Supported

• Evaluate the LEM Lab data
management system.

• Demonstrate compatibility of
LEM Lab with MSFN for polar
orbital operations .
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Table 3.H-3

MISSION .PROFILE EARTH SYNCRONOUS ORBIT

Incl, 'Zero; Alt, 19,350 n. mi.

Mission Phase

1.

2.

3...

Saturn V Ascent to
100 n. mi. Parking
Orbit 28.5 Deg. Inclin.
a) Launch azimuth 90

Deg.
b) S-1C Firing
c) S- 11 Firing
d) LES Jettison
e) S-IVB Firing
f ) Parking Orbit

insertion

Earth Parking Orbit
(l-lA Orbits) ;
-a) GSM Systems Check
b) Preparation for

transfer orbit
-Insertion

Transfer Orbit In-
sertion
a) SrlVB. Restart
b) Orbit Transfer &

Partial Plane Change

k.. Transfer Orbit Coast
to 19,350 n. mi.

5-

6.

S-IVB Restart to do
Partial Plane Change
& Circularize at Synch.
Alt.

Transposition & Docking
a) GSM S-IVB Separation
b) GSM Transposition &

Docking with Lab.
c) LAB-S-IVB Separation

Norn Phase Time,
hr: min: sec

00:10:00

01:50:00

00.06.00

05:15:00

00:02:00

00:30:00

Objectives
Supported

l
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Table 3.4-3 (cont.)

Mission Phase

7. GSM Firing to Complete
"Plane Change and
Circularization.

(NOTE: May need to wait
for one orbit)

8. Lab C/0
a} Crew transfer to Lab
b) Activation and C/0

of Lab S/S.

9- Earth synch, orbit Lab
experiment operations:
typical
a) Biomedical & be-

havioral studies
b) Astronomical studies

and observations
c) Small maneuverable

satellite studies.

10. LEM Lab shutdown &
equipment and data
transfer to GSM.

11. Preparation for CM re-
entry
a) Lab jettison
b) Service propulsion

deorbit maneuver
c) SM jettison :

Norn Phase Time,
hr: min: sec

00:01:30

01:30:00

Ik days

01:30:00

05:30:00

Objectives
Supported

• Demonstrate operation of
modified LEM S/S after
being subject to boost
environments .

• Demonstrate LEM Lab
thermal control.

• Demonstrate compatibility
of LEM Lab with MSFN for
synch, orbit mission.

• Evaluate radiation levels.

• Evaluate extra vehicular
crew operations.

• Evaluate LEM Lab data
management systems .

• Demonstrate capability of
the modified LEM ECS and
crew provisions for Ik day
mission.

• Demonstrate earth pointing
capability of IAB PCS.
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Mission Phase

12 . - Entry

13. Parachute descent

14. Post- landing through S/C
retrieval.

Norn Phase Time,
hr: min: sec

00:11:00

00:07:00

Variable

Objectives
Supported

s ̂
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Table 3.h-k

MISSION PROFILE LUNAR POLAR ORBIT

Incl, 90 deg; Alt, 80 n. mi

Mission Phase

1. Si
Pi
(
a
b

a
e

aturn-V Ascent to
arking Orbit
LOO n. mi.)
1 S-1C Firing

S-ll Firing
LES Jettison
S-IVB Firing
Parking Orbit In-
sertion

2. Earth Parking Orbit
a) GSM C/0
b) Preparation for

Trans lunar
Insertion

3. Translunar Insertion
a) S-IVB Restart

4. Translunar Coast
a) CSM-S-IVB

Separation
b) Transposition &

Docking
c) GSM/Lab- S-IVB

Separation
d) 1st Mid-course

Correction
e) 2nd Mid-course

Correction
f) 3rd Mid-course

Correction

5 . Lunar Orbit Insertion
a) SPS Firing

6. Lab C/0 in Lunar Orbit
a) Crew transfer to Lab
b) Activate & C/0 of La"

systems

Norn Phase Time,
hr: min: sec

00:10:00

02:12:00

00:10:00

60:15:00

00:05:00

01:30:00

D

Objectives
Supported

• Demonstrate operation
modified LEM systems
after boost environ-
ments.
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Mission Phase ..

T. Lunar Orbit Lab Ex-
periment Operations :
Typical
a) Biomedical &

behavioral studies
b) Lunar photographic

studies
c) Lunar oriented ex-

periments

8. LEM Lab shutdown and
equipment and data
transfer to GSM

9. Transearth Injection
a) Jettison Lab
b) SPS firing

10. Transearth Coast
a) 1st midcourse

correction
b) 2nd midcourse

correction
c) 3rd midcourse

correction

11. SPS Deorbit
a) SPS Firing
b) SM Jettison

12. Entry

13. Parachute Descent

1^. Post- land ing through"
S/C Retrieval

Norn Phase Time,
hr: min: -sec

14 days
336:00:00

. 01:30:00

00:05:00

00:05:00

00:11:00

00:07:00

Variable

Objectives
Supported

• Evaluate radiation and
micrometeorite levels
in low inclination
lunar orbit.

• Demonstrate GSM- LEM
Lab 1 mission com-
patibility for :

lunar mission
thermal vacuum en-
vironment .

• Evaluate LEM Lab
data management
systems .
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Table 3.5-3

FLIGHT 513 EXPERIMENT MISSION TIMELINES

0.25

0.20

0.15

0.05

-0113

r— 0502

0113- -0113 —I HH

Drift (FD) p ^™, — r^~~ z~r~?~~~~,r*~~.« — ,j4 '|

A. Day3, 10, 17, 24, 31, 38 & 45

Stability Reqmts: 5.0 deg/sec

Rest

12
Time, hr

18

i Accuracy
Reqmts: Free Drift, ±5.0 deg

: P(Phenomena Oriented),
±0.5 deg

0.25 r

0.20 -

•I
ft

I
I
SH
0)

&
w

0.15 -

0.10 -

0.05

hr

B. Day 1, 2, 4-9, 11, 12, 14-16, 18,
21-23, 27, 29, 30, 32, 33, 35-37,
39, 42, 43

Stability Reqmts: 5.0 deg/sec

i > Pointing
|) Accuracy

Reqmts: Free Drift, ±5.0 deg
24 : M(Magnetic!Field Orientation),

± 0 . 5 deg

0.25 r

1500 w Peaks
During Darkness

C. Day 13, 19, 20, 25, 26,
28, 34, 40, 41, & 44

E: Earth Orientation

P: Phenomena

FD: Free Drift-

0.1 ^

Pointing Accuracy, ± deg

Stability Reqmts, deg/sec



(17)3-32

I
LT\
•

on

•3

cu
B
•H

£"*

£

>

G
O
•H
+3

05

J3
p
-p
G
CU

W

-P
G
CU
£>

pr"[

C
o
•H
CO
CQ

•Hs

o
cu

CO

cu ••
B CQ
•H G1- 1 ,_J

5_i *S
O -P

b
i^ C_i

CO W

0
cu
CQ

oo
1

G
•Hs
-d-

,0
o3

£_j

CU
-p
G

x — s

CQ

_j_3

P
o3
G
O

. -P
CQ

<

O
0

o
0

o
0

o
(U
CO

0
oni

G
•H
s
on

*M
O
(U

r̂ H

O

G
O
•H
-p
05
O
•H
G
p

g
O

pQ

^ElJ

1

ĈO
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4. SYSTEMS ENGINEER ING

THERMODYNAMICS

.I Ground Rules and Assumptions

• The NAA AES cryogenic storage tanks should be used if they will satisfy the
Phase II Lab Mission.

• No restrictions are to be placed on vehicle orientation due to thermal control
restraints.

• An active thermal control system will be used for vehicle heat rejection.
• Overboard venting of cryogenic oxygen and hydrogen is to be avoided.
• Only water generated by the fuel cells that is not required for any other

purpose is to be used in water sublimators.
• Minimum modification from flight to flight overrides optimization for any

particular flight.

.2 Background Data and Analysis

2.1 Thermal Environment

The thermal environment comprises the direct solar radiation, reflected albedo radi-
ation, and direct I-R radiation incident on the vehicle surfaces. The intensity of
thermal radiation depends on the orbit, vehicle orientation, and the location of the
sun relative to the orbital plane. The angle between the solar vector and the orbital
plane, 0g, varies as a function of the orbit inclination, the date, and time of
launch. The tabulation below shows the possible range of 6 for each of the Phase II
Lab flights. In addition, the maximum possible temperatureSof a surface in thermal
equilibrium with the radiation environment is shown for a typical skin surface,
0/*= 0.8, and a typical radiator surf ace or/f= 0.2.

Orbit

Alt . n .mi/inclination ,
deg

200/28.5
19350/0
200/-83
80/90.

Oriented

Earth or Space
Earth or Space
Earth or Space
Lunar or Space

0S> deg

-62
-23.5
-90
-90

Max. Temperature, F

o/« = . 8

228
213
228
230

alt =.2

62
16
62
210

Radiator Max. Avg.
Absorbed Radiation*

Btu/hr/ft2

1+lt
Uo

. 60
65.5

* Based on the recommended radiator configuration. The orbital average of two
radiator units located on opposite sides of the vehicles.

In Table U.l-1, the orbital average of incident thermal radiation is presented for
a number .of surfaces. Solar, albedo, and I-R radiation intensities are shown for
both earth and space oriented Labs in earth orbits with varying solar angle, 0 .
Also shown is a moon oriented lunar orbit with the solar vector in the orbitalsplane.



An indication of the variation in incident radiation throughout an orbit is given in
Fig. U.1-1A and U.1-1B. They" show the .variation'-in the thermal environment of upward
and downward directed surfaces, for earth and lunar orbits respectively. In both
cases, the solar vector is in the orbital plane. This condition produces the maxi-
mum variation during an orbit.

The thermal environment in the synchronous orbit is primarily due to solar radiation.
At this orbital altitude the levels of albedo and I^R radiation do not exceed 2 Btu/
hr/ft2. Hence the major factor is the surface orientation relative to the solar
vector. Shadowing by the earth for up to 5% of the orbit is also possible. Figure
U.l-2 shows the percentage time in sunlight for the 200 n.mi earth orbit and 80 n.mi
lunar orbit as well as for the synchronous orbit.

U.1.2.2 Vehicle Heat Loads

Heat loads are imposed on the vehicle by four primary sources: fuel cell-heat
rejection, electrical power dissipation in the housekeeping and experiment loops,
metabolic loads due to the crew, and the external environment. The power profiles
used to establish min/max loads on the cooling loops were supplied by EPS and are
presented in Fig. 5-1-1 and 5-1-2. Table 5-1-1 presents a distributional power
requirement list. Using this list the following table was formulated to allocate
cooling loads to various vehicle sectors.

Distribution of Electrical Power Dissipation

Avg Btu/hr
Location

Low Temp Electronics
Battery
Pump
Cabin Air
High Temp Electronics
Metabolic Load
Structural Heat Leak

Min

580
3k
136
681
930

. 600
-1366

Max

580
3k
136
1188
2595
600
0

The values for the structural heat leak presented above were obtained by considering
the assumed structural load variations for the ascent stage and experiments.- A
tabulation for the ascent stage loads is presented below: (+ is gain to vehicle;
- is lost by vehicle to space).

Vehicle Area

Skin
Window

Top Tunnel Covered
(Non-docked configuration)

RCS
Antenna, and other areas

Max Sun Btu/hr

-270
I shade up: +530
{shade down: 0

+ 5

+88**
+1*0

** 23 Watts of heat supplied to two Cold Clusters
* 1*6 Watts of heat supplied to all four clusters

No Sun Btu/hr

-U50
|shade up: -180
{shade down: 0

- 27

- 52*
- 70



Thus the Lab will have a structural heat loss varying from approximately 100 Btu/hr
for a condition of maximum sun light with the window shades closed, to approximately
TOO Btu/hr for the minimum'sun light condition with the shades open. In addition it
was estimated that the experiments hung off the Labs could cause the'Lab to gain 100
Btu/hr or-lose 666 Btu/hr. Thus, the overall estimated heat leak will vary from 0
to -1366 Btu/hr.

The fuel cell heat loads are discussed in detail in the next section with the thermal
evaluation of the candidate fuel cells.

it. 1.2. 3 Fuel Cells Thermal Evaluation

The electrical power for the vehicle will be supplied by either General Electric,
Pratt and Whitney, or Allis Chalmers 'fuel cells. Each of these systems has been
evaluated with respect to its heat generation characteristics, environmental temper-
ature requirements, launch pad'thermal control, storage and remote start-up require-
ments, and optimum cooling loop design. All three fuel cell designs have been found
to be thermally compatible with the mission requirements of the vehicle. The general .
characteristics of all three fuel cells are summarized in Fig. U.l-3.

U.I.2.3.1. Heat Generation. Hydrogen-oxygen fuel cell efficiency has a theoretical
upper limit of 0.83 with all the remaining energy of reaction appearing as heat. The
practical efficiency of a fuel cell is governed by its polarization characteristics.
These are different for each cell design but, are, in all cases, sensitive to cell
operating temperature. Higher temperature cells tend to be more efficient. The heat
generation characteristics of the A-C, GE, and PWA fuel cells are shown in Fig. U.1-3A.
The kOO°¥ PWA design is the most efficient and the 205°F A-C design and the 120°F GE
design decrease in efficiency in that order. There is a plateau in the PWA heat re-
jection curve caused by dissipation of parasitic power,, the fuel cell pumps, etc.,
into the FCA cooling loop. All of the heat generated in the fuel cell is removed by
the vehicle-supplied thermal control system.

it. 1.2.3.2 Environmental Temperature Requirements. When operating in vacuum, the
GE and AC fuel cells may be placed in thermal environments of -60°F to 150°F and
-120°F to l85°F respectively without damage. There is no dependency upon heat
exchange with the environment for survival. The PWA fuel cell uses a radiant heat
exchange with the environment to cool its control components. Therefore the cell
must be placed in an environment of 30°F to 130°F, which has to be guaranteed by the
vehicle. Unless a restriction is placed upon the location of the fuel cells in the
vehicle, there are portions of the mission during which the fuel cell compartment will
exceed 130°F. If a random location is assumed, the anticipated heat load from the
PWA fuel cells is 300 Btu/hr/FCA. This heat load results in a weight penalty of
19 lb to the Lab ECS loop.

h.1.2.3.3 Launch Pad Thermal Control. Launching the Lab with operating fuel cells
requires that adequate ground cooling be supplied to the Lab on the pad. The GE fuel
cell is a low temperature unit and is compatible with the existing LEM air condition-
ing system. The A-C fuel cell also does not require any changes to the air condition-
ing system. However, this, cell requires approximately 5 lb of external insulation
to reduce the conductive heat losses to a level compatible with its internal heater
size. The PWA fuel cell uses super-insulation, which is not highly effective at one
atmosphere pressure. The heat loss from this unit is, therefore, much larger than the
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300 Btu/hr FCA encountered in flight; PWA has estimated it at 1500 Btu/hr FCA at
Std sea level conditions.•• This heat loss is beyond the capabilities of the existing
LEM air purge, but the heat must be removed to prevent damage to the fuel cell
controls and" to the vehicle. Therefore, the launch pad air conditioning must be
supplemented with an additional cooling air flow rate of approximately 20 lb/min.
The fly-away weight penalty for the ducting, umbilical connection, etc. needed for
this system is'10 Ib. '••

U.1.2.3.U Cooling Loop Considerations - Vehicle thermal control loops have been
weight optimized for each fuel cell in conjunction with the vehicle electrical power
profile as shown in Fig. 5-1-2. Radiators have been sized based on the most advan-
tageous inlet and outlet temperature for each fuel cell with a by-pass control
system used as required in order to enhance the design.

Water sublimation to augment the radiators during high heat rejection periods was
considered as a variable in the study. Water-boiloff vs radiator area tradeoff
curves are presented in Fig. U.l-U.. The radiator weight including all plumbing and
structural support is .estimated at 2- Ib/ft2. Detailed radiator characteristics are
also presented for all three systems based on the use of 850 Ib of free water from
the fuel cells'. These data are presented to illustrate "minimum" radiator compari-
sons.- The final design selected, as discussed in Paragraph U.I.3-2, is an all
radiator design.

U.1.2.U Equipment. Temperature Specifications

Listed below are equipment temperature specifications for key items requiring thermal
control. In general all other equipment either rejects heat passively or is cold
plated in the ECS loop. •

Temperature °F
Item Min Max

RCS-Propellant , ' • " , . " - h O 1 0 0
Cabin Air • - . . TO 80
RCS Engine (Propellant Valves')' . •. .35 • '175
Battery surface Temp ' kO 80
•Water Tanks l • • ' ' .. hO 165
Abort Sensor Assembly (operating) ••_ 119-1 120.1

(storage) ' 105 120
Inertial Measuring Unit* (operating) 13U.9 135-1

(storage) 120 135

* IMU not carried on recommended configuration

•U.I.2.5 Equipment Heater Requirements .

Various external antennas, and the RCS Clusters, will require heat when exposed to
space and not in use or receiving radiant energy from the sun or planetary bodies.
Heat is -also needed to maintain the navigation and guidance equipments above their
recalibration temperatures when not in use.



RCS Cluster Heater Requirements: The cluster oxidizer valves must be main-
tained above minimum temperature of 35°F, to prevent the.-propellant in them
from freezing. The electrical heat required for each cluster valve is a
function of how much heat is conducted and radiated from the cabin to the
cluster can. As the cabin temperature rises, more., heat is transferred from
the cabin and the electrical heat required diminishes. Figure..k.1-5 shows
the heater requirements as a function of cabin temperature, for a condition
of no external heat flux. When the cluster is in direct- sun light, no heater
power is required." It is estimated that for the Labs the average heater
power required for all four clusters is 30 w, assuming that two out of four
clusters are in the sun at any one time.
S-Band Steerable Antenna -'The S-Band Antenna, when not in use, requires
heater power to maintain the antenna's steering components above the low
temperature survival limit. Components such as servomotors, electronic
equipment and gimbal mechanism must be maintained above -65°F. It is esti-
mated that 5 w of heater power are required to accomplish this during the
condition of zero external heat flux. When the antenna is in direct sun-
light, no extra heat is. required.
Navigational Equipment - In the LEM, the IMU and the ASA are both located
above the cabin. Though not exposed to space, they require precise thermal
control when in use (+0.1°F) and close temperature control when not in use.
Both units utilize gyro-systems and accelerometers that are extremely tem-
perature-sensitive. If the temperature drops below 120°F on the IMU and
105°F on the ASA, the units will'go out of calibration. In the basic LEM,
temperature control of the IMU 'and ASA in the non-operating mode is achieved
by utilizing the cooling loop as well as the heaters. This mode of operation
causes excess heater power, since the proportionalCheater has to over drive
the cooling loop. For the Lab, a bypass valve will be incorporated into the
cooling loop, to by-pass the IMU and ASA when the units are not operating.
The IMU and ASA are conductively coupled to the cabin structure. Figure
k.1-6, shows the heater power required by the IMU and ASA to maintain them
above their recalibration points, as a function of cabin temperature. The
losses to the vehicle skin are minimized by a blanket of 20 layers of
aluminiz.ed mylar insulation between the units and the vehicle skin. Heater
power required for the ASA and IMU, for two cabin temperatures, is tabulated
below:

Equipment Heater Power
(watts)

Temperature (°F)

Average Cabin Temperature 70°F

IMU*
ASA

9-5/8.5
' 5A

135/120
120/105

Average Cabin Temperature i*0°F

IMU*
ASA

13/11. U
7/6

135/120
120/105

* IMU not carried in recommended configuration
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U:1.2.6 Passive Temperature Control

The equipment located in the aft bay lends itself quite readily to passive or semi-
passive cooling. About 600 Btu/hr could be rejected in this manner. This would de-
crease the housekeeping experiment loop radiator area by five, to ten sq ft; a minimal
saving. At the same time the continuous passive rejection of heat from the aft bay
would reduce the minimum load on the radiator. The end result is a large increase
in the required radiator turn-down ratio. The increased complexity in the radiator
control system more than offsets any savings obtained by passive heat rejection.

U.I.2.7 Cryogenic Storage

Investigations were made into the basic thermodynamic considerations involved in the
design and performance of vapor cooled cryogenic tankage. This effort was required
for two reasons: l) to provide the ability to make accurate estimates of vapor
cooled tank performance at other than the design point condition; 2) to provide
information that would allow Grumman to recommend a cryogenic tank vendor if exist-
ing tanks, had been found unsatisfactory, for the Phase II. Lab.

On the basis of these studies, several important statements can be made with respect
to the vapor cooled storage tanks being considered for the AES mission:

• At low receiver surface temperatures (about 350°R and below) discrete radia-
tion shields will thermally outperform conductive type insulation.

• Vapor cooling -is about twice as effective when applied to radiative rather
than conductive heat leaks,' ie., vapor cooling will be more effective with
discrete radiation shields than some types-of superinsulation.

• A vapor cooled tank designed with a predominantly radiative heat leak that
meets N.A.A. requirements (IT0°F.environment) will have one half the design
value heat leak in a hO°F environment. The Lab can supply this environment
for two sets of AES tanks. -The power available for experiments is tripled
without resorting to overboard venting. A vapor cooled tank'with a predomi-
nantly conductive heat leak would require a 312°R (-lU8°F) environment to
achieve the same result.

Of the vendors contacted during the Phase B study effort (Bendix, Beech, and
AiResearch) , Bendix was deemed to have the best potential design considering thermo-
dynamic principles.

U.I.2.8 Space Radiator Development

U.I.2.8.1 Radiator Requirements. A large range of heat rejection requirements
exists for any Phase II Lab flight. Also, a large variation in. average heat rejec-
tion levels exists between the various flights. Requirements are further compli-
cated by large variations of environmental influx introduced by different orbits
and vehicle orientation.

Moderating the severity of the radiator max/min operating range requirements are
four factors:

• Excess water is available from the fuel cells to reduce the'maximum radiator
cooling requirement, thus reducing the required operating range.



• Modulaization of the radiator allows a crude tailoring of radiator area to
the required heat rejection of each specific'flight;

• A large thermal inertia exists within the system which moderates the
instantaneous or steady state extremes in required heat rejection range.

• Radiator area applied to opposite sides of the. vehicle reduces the average
maximum environmental influx to the radiator.

As applied to Lab space radiators, the max/min heat rejection requirements for
steady state conditions is referred to as Turn Down Ratio (TDR). This is defined
by the equation: .

Snax~ iSpO Boil + rad^envt max
TDR = — -^ '

• Tain + rad envt rain

Where ' ' "

Q ' • -inax = maximum equipment heat generation
Q,Tain = minimum equipment heat rejection

HO Boil = quantity of heat that can be accommodated by water boiling
A
rad = radiator area

envt = specific rate of heat absorbed by radiators from the environment.

TDR can also be considered as the maximum to minimum internal load that can be
handled by a radiator while viewing an absolute zero temperature environment. The
present definition of loads indicates that for any particular flight a radiator
TDR design .requirement of greater than 11:1 could exist. It represents the require-
ment before the following moderating factors are applied:

• Applying radiator area on both sides of vehicle
• Water utilization
• Thermal Inertia
• Modularization

Employment of the modular radiator concept reduces the control system TDR to
approximately 11:1. Utilizing excess fuel cell water will reduce the TDR require-
ment to about 10:1. Splitting the total radiator area requirement into two half
areas and applying them on diametrically opposed sides of the vehicle reduces the
maximum environmental influx on the total area to 60 Btu hr/ft from the 100
Btu hr/ft^ that would exist if the entire area were on one side of the vehicle. The
effect of this is to reduce the TDR requirement to about 6:1. The effect of the
thermal inertia is to reduce the total rediator area required and hence the TDR.
The quantitative definition of the TDR after consideration of the transient effects
will reduce this requirement to an estimated U-5:l.

An engineering factor that may further moderate the magnitude of the TDR is to
integrate the heat rejection requirements of the fuel cells with those of the ECS
and experiments.

Growth loads will not be firmly defined for a considerable time; failure mode
operation can increase TDR; and reasonable tolerances must be factored into hard-
ware designs. Consequently, for purposes of evaluating the applicability of various
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control approaches, a design objective of 10:1 was established. This represents
sufficient allowance for growth and contingencies to assure development of a control
approach that- will meet the present and future requirements.

U.I'.2.8.2 . The Modular Radiator Concept. Adopting the building block (modular)
concept of radiator sizing for the various flights results in minimizing development
time and cost. Ultimately a single size module will evolve which will be compatible
with a single control system. The only variation from flight to flight-will be in
the :number of modules employed. The control system will be compatible with any
number of modules. This is now a design objective for the radiator system -and un-
less it penalizes the design, it will be adopted as a system design constraint.

U.I. 2.8.3. Radiator Control" Concept.- -A number of approaches to radiator control
have been investigated to determine their applicability. The concepts considered
cover a large number of control methods, capable of development within the time
available. Those evaluated and determined to be inadequate, due either to insuffi-
cient TDK or poor recovery characteristics, are: uncontrolled radiators, radiator
bypass, regenerator control, selective stagnation, louvers, Venetian blinds and
vehicle orientation control. LTV was given a contract to investigate non-mechanical
control concepts, including the LTV selective stagnation concept and Grumman valve
stagnation concept for TDR and recovery characteristics. The final report covering
this study is included under separate cover. -From the LTV'and Grumman studies,
three systems were selected which are compatible with all thermal requirements and
constraints. Two of these are discussed below; the third is presented with the
recommended configuration. ' ' _ ' -

• "Window Shade" Control: This control system approach to'-achieving, high
TDR is.based on covering that' quantity of radiator area not required for
heat rejection .with a shade of H film superinsulation. • The achievable
TDR is determined by the heat leakage through and around the(shade when it
fully covers the radiator. '•

It was recognized that several potential mechanical problem areas exist with
this concept. Consequently Grumman has instituted a company-funded applied
research effort to define and resolve these areas. The first area of con-
cern is the possibility of cold welding of the H film sheet to'itself in the
high vacuum environment. The second area of investigation is the fatigue
life of the film stressed by U5 days of cycling on and off a driver. A
mechanical feasibly rig is now in design and fabrication to investigate these
and related.potential problem areas. . . .

A; desirable feature of this and the "barn door" control discussed below is
' ,-•• that minimum temperature levels in the fluid loop can be maintained at

•- • virtually any level' desired. Therefore, the' choice of transport fluid need
-not be directed by space radiator considerations. . This approach readily
offers the desired TDK's for the Lab. .

• "Barn Door" Control: A concept of control that offers TDR potential equal
to or ..greater than 'the window shade is one where rigid panels expose or
cover the radiator surface. As with the window shade approach, the limita-
tion on TDR is dictated by the heat leakage through and around the door shield
when in a closed position.



Minimum fluid temperature can be selected at any level desired so fluid
choice need not be dictated by radiator design considerations.

Control components of the shade and door actuators are mechanically similar.
As will be shown in a later section, the total radiator subsystem, including
the accommodation of modularization is similar for both approaches.

A mechanical design description of the door control including a design
drawing of the actuator doors, and mechanical linkages can be found in

: paragraph 6.2.6 of this report. The complete scheme uses simple and feasible
state-of-the-art technology at the basic component level. 'However, because
the approach is new in concept, proof of feasibility and a development pro-
gram are required.

Several attractive characteristics of this control system that are unique to the
approach are:

• A single actuator mechanism on one side of the vehicle serves from one to
four modules.

• "Doors" can be non-thermal panels or active radiator panels depending on the
• mission .dictated requirements. Thus up to 60 sq ft of radiator surface area

•- is available on each quarter panel of the descent stage.

A summary tabulation of the status of the various control concepts considered for
this application is included as Table U.l-2.

4.1.2.8.4 Radiator System Dynamic Response. Utilization of mechanical means of
obtaining.required TDR is accomplished in a complete operational subsystem loop as
shown in Fig. 4.1-7-

If the Barn Door capacity control approach is used, the schematic would be as shown
in Fig. 4.1-7. One actuator services each bank of up to four modules on a side.

If the shade approach is employed the schematic would differ to the extent that each
module would have a separate shade actuator.

A dynamic analysis of the mechanical control approach was performed utilizing an
analog computer. The description of the analog system that was simulated is con-
tained in paragraph 4.1.3 of this report.

The following characteristics of the control system were employed.

Thermostati'c Flow Proportioner: ?•+ 10°F full travel

Thermostatic Door Actuator: Full closed at 30°F
Full open at 50QF

A deliberate attempt was made to uncover system instability. Large instantaneous
changes in equipment loads and environment loads on either side of the vehicle
were applied, sequentially and simultaneously. Loads were applied and removed.
Time constants different from ideal were studied. Absolutely no instability or
incipent instability was uncovered for any case.

(̂ dtumman.
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A typical self-explanatory mission time trace demonstrating system reaction to •
various applications of loads is included as Fig. 4.1-7. This illustrates the
responsiveness of the system in maintaining the required temperature levels and the
complete stability existing at all times.

•U.I.3 Recommended Configuration

Pertinent design features of the recommended configuration are listed in Table U.l-3.
A discussion in some detail of the specific areas- is presented in the following
paragraphs.

U.I.3.1 Cryogenic Tankage: Selected Design

The NAA AES tanks have been selected for the storage of cryogenic oxygen and hydro-
gen in the Lab. A fully loaded tank system with the selected fuel cells has the
ability to supply 1680 kw-hr of energy and 221 Ibs of ECS oxygen. See Table U.l-U
for tank specifications as supplied by NAA.

The minimum Lab housekeeping power is UUO watts. This power requires a hydrogen flow
rate of 0.052 Ib/hr. The maximum flow rate due to the heat leak only in the Lab
environment will be Q.OUT Ib/hr. Therefore, the AES tanks are suitable for the pro-
posed Phase II Lab missions. No venting of hydrogen must be considered. Combined
fuel cell and ECS requirements also negate overboard venting of oxygen.

U.I.3.2 Active Thermal Control System

Thermal control of the vehicle and dissipation of the heat load is accomplished by
two cooling loops; one for the fuel cells and.one for the combined housekeeping and
experiments. The radiator area for each loop is 60 sq ft and is made up of four
15-sq ft modules. Two modules, operating as one unit, -are located l80 deg. apart
from the other, two modules. Provisions are incorporated, for those missions that
have higher ECS loads and thus require more than 60 sq ft of radiator area, to add
one-*or two modules to each side of the vehicle. Figure U.l-8 shows the capacity of
different radiator areas when subjected to varying amounts of external absorbed,
radiation. :

Figure U. 1-9.shows the system, configuration for the., cooling loops. The radiator
unit (two modules) contains two fluid flow paths. One flow path is a single tube
near an outer" edge of the panel; the other consists of a series of parallel tubes.
A modulating valve positively controls the quantity of flow to the two flow paths.
The valve is controlled by a downstream fluid mix temperature sensor. At minimum '
load, all the fluid is directed through the single tube flow path, while the tubes
in the other path stagnate. Upon application of increased load, destagnation takes
place sufficiently fast to keep the equipment within the temperature limits.

The flow .proportioner valve compensates for a condition where the radiator unit on
one side of the vehicle has a large value of absorbed external radiation while the
other radiator unit has a low value. When this occurs, the proportioner will de-
crease the flow to the side with the high absorbed external radiation and direct more
flow to the side in the colder environment. .This is accomplished by sensing the
fluid temperauures 'out of the radiator units and proportioning the flow to-hold
essentially equal, -temperatures. .



The function of the regenerative heat exchanger is to keep"the fluid temperature
supplied to the load from falling below the allowable level under low load
conditions. At maximum load, the regenerator is bypassed. ..

The design inlet and outlet temperatures for the radiators of the two cooling
loops are different and therefore, the allowable extremes in performance capability
are also different. This allowable performance is referred to as "turn down ratio"
and is defined in paragraph -U.l.2.8. On a per unit area basis minimum heat rejec- •-
tion of a fuel cell radiator module is 14 Btu/hr/ft . The maximum heat rejection
value is 208 Btu/hr/ft . Thus, the turn down ratio available is 208 divided by
lU, i.e., 1̂ .8. The min/max heat rejection values for the ECS loop radiator
modules are Ik and 116.7 Btu/hr/ft2, respectively. Therefore, the available
turn down ratio is 8.3.

Sufficient turn down ratio is available in the fuel cell modules to handle the
min/max fuel cell heat rejection for any Phase II Lab flight. Therefore, no
supplementary water boiling is required in this loop.

The ECS loop is capable of handling the maximum average orbital loads without the
use of water boiling. Peak loads above the maximum average orbital loads will
exceed the radiator capacity and are handled by water boiling. 7^0 Ib (min) of
free fuel cell water are available for this cooling and will handle 217 kw-hr of
energy.

k.-i.3-2.1- Radiator Analysis: Basic Module. The ability of a space radiator to
reject heat is dependent on several variables. The more important factors and the
values of these factors appropriate to the basic radiator module are listed below.

o Emmittance («) : 0.9
o Solar Absorbtance (a) : 0.18
o -Panel thickness - inches: 0.02
o Fin Effectiveness: 0.96
o Design fluid inlet temp: 100°F
o Design fluid outlet temp: hO F

The external, orbital average, incident heat flux is presented in paragraph U.I.2.1
.for various orbital flights and vehicle surfaces. The above information in
conjunction with Fig. U.l-10 can be used to determine radiator heat dissipation per
unit area for any flight and radiator orientation. Hence, a knowledge of the heat
load to be dissipated leads to the minimum radiator area required for that parti-
cular flight. The actual radiator on the vehicle will consist of the minimum number
of modules that will provide the required area, thus it is slightly over sized.
The basic module area is 15 sq ft and was selected on the basis of the maximum size
module which can be placed on the descent bay panel behind the landing strut and
still allow placement of two modules on any of the four descent bay quadrants.



U. 1.3.2.2 Integrated Housekeeping - Experiment Cooling Loop. The following para-
graphs present a description of the integrated housekeeping experiment cooling loop,
a discussion of hardware changes, and the results of-a steady state analysis of
variables which could be typical of a mission.- The system configuration and hard-
ware is the same as LEW except for the following: " ..

o Number 209 water boiler is removed
o A radiator and regenerative heat exchanger is added
o The circuit fluid is changed from 35% glycol/65$ water; to 62.5$ glycbl/

37.5$ water- '
o The Number 22U water boiler incorporates a control system
o . Removal of the suit circuit ECS function requires that the GSM ECS handle

the latent metabolic load generated in the Lab cabin.

The maximum orbital average absorbed radiation used in this particular study was
35 Btu/hr/ft2. Higher or lower values of the absorbed radiation would increase or
decrease respectively the required radiator area as noted in Fig. .̂1-8. The
regenerative heat exchanger consists of two #20H LEM heat exchangers with a dry
weight of approximately 6.h Ib.

The system is shown schematically on Fig. .̂1-11. Temperatures throughout the
system are shown for maximum average and minimum average loads. Minimum average ' . ".
load values are. shown bracketed. The capacity of the system is adequate without the
use of the water sublimator. Water is boiled when loads greater than that defined
by maximum average load are experienced.

Under maximum average load, the system is capable of holding a 75°F cabin tempera-
ture. This load corresponds -to zero structural heat leak, 529w electrical house-
keeping, 800 w experimental and 600 Btu/hr sensible metabolic load.

If the structural heat leak were increased to 500 w, the minimum average load would
decrease. For the cabin to remain at 75°F, an increase in the effectiveness of
both regenerative heat exchangers would be required. ' This could be accomplished by
adding one #20V LEM heat exchanger to each of the regenerative heat exchangers.
The weight increase would be approximately 6.U Ib.

An alternate to the proposed system is shown schematically on Fig. .̂1-12. The
radiator is located in its. own fluid loop, and'connected to the main circuit by
means of a transport fluid heat exchanger which would replace the regenerative heat
exchanger. ] A pump is incorporated to circulate the transport fluid.

The transport"fluid .is selected solely to satisfy radiator requirements rather than
compromising the fluid to satisfy both the radiator and the main fluid loop. The
transport fluid could be Refrigerant 21 which has very low freezing point. Thus,
this system allows larger radiator turn down ratios. Increased turn down ratio would
would allow maintaining a 75 F cabin at lower minimum loads, implying that larger i.
structural heat leaks would be permissible.

The penalty of this system, compared to the proposed system is a weight increase of
3.2 Ib in the heat exchanger and a weight of 6.8 Ib for the transport fluid pump.
In addition, the required power draw of kh w represents a weight penalty of 70 Ib.
The overall weight penalty of this alternate system is approximately 80 Ib which
must be evaluated in the light of its much better turndown ratios.



(TV)tt-l3

U.I.3.2.3 Performance of a Radiator in Off-Design Conditions. Having selected a
radiator for a particular design condition, it is necessary to determine its per-
formance during off-design conditions to insure that the system remains operational
throughout a mission. The lower limit to the amount of heat that the radiator is
allowed to reject is dictated by the desired recovery characteristics.' The maximum
turn down ratio may or may not permit freezing of the transport fluid in the r- iiator.
This is dependent upon the control system and radiator design characteristics, the
transport fluid, and rate of change of radiator fluid inlet temperature with the
application of maximum load. Transient recovery characteristics can "be controlled
to a large extent by tube spacing with a negligible effect on weight.

Figure U.l-13 shows the steady state performance characteristics of a typical
radiator module in the ECS loop. During by-pass operation, with no absorbed external
radiation, the radiator rejects l*t Btu/hr/ft2 an(j has a radiator outlet temperature
of -30°F. Flow, and fluid viscosity considerations preclude operation at lower out-
let temperatures. Hence, this establishes the minimum radiator operating condition.
The maximum heat rejection from the design conditions is Il6.7 Btu/hr/ft2; and the
turn down ratio available from a single" module, therefore, is 8.3.

The minimum heat rejection rate (iH Btu/hr/ft2) of a basic module will be the same
in the fuel cell loop as it is in the ECS loop. Maximum'heat rejection however, is
208 Btu/hr/ft2 and the turn down ratio available is l*t.8.

It. 1.3. 2. U System Operation with Radiators in Parallel. The radiator units operate
in parallel, receiving fluid from a common header and returning fluid to a common
header. The flow proportioning valve divides the flow so that the difference in
temperatures leaving the units is within a specified range, and directs the -larger
percentage of the fluid to the unit in the colder environment.

Figure 'it. 1-1̂  is the characteristic of any radiator with an emissivity of 0.9 and an
efficiency of 0.96. The upper half of the figure is plotted for a fluid inlet tem-
perature of 560°F and the lower half for 5̂ 0°F. Plots for any fluid inlet tempera-
ture, can be plotted and thus Fig. lt.l-l*t shows only two of a complete family of
plots.

The use of Fig. U.l-lU in evaluating radiator performance is a rather rapid iter-
ative procedure and its use is described below. Assume two radiators, each with an
area of 60 sq ft, are required to reject 6120 Btu/hr. One radiator absorbs 26 Btu/
hr/ft2 of external heat and the second absorbs 106 Btu/hr/ft2 of external heat. The
total flow to the two radiators is 250 Ib/hr and the fluid specific heat is .87
Btu/lb°F. By using the bottom plot we are assuming that the .fluid inlet tempera-
ture is 5UO°F. Enter the plot with an externally absorbed heat of 26 Btu/hr/ft2,
move vertically up to the working line and then horizontally to an assumed exit
temperature of 510°F. Then move vertically from this point and read

Flow rate x spacific heat Qf _ Caicuiate the flow through this radiator as
area

Flow rate x specific heat area = x_60 20Q> The flQw rate thr h the

area Specific 0.87

second radiator is 250-200 = 50 Ib/hr. Now calculate

for the second radiator as ——§-r—'-—- = 0.72̂ . Enter the curve at an externally

absorbed heat of 106 Btu/hr/°F, move vertically upward to the working curve. Draw
a horizontal line through this intercept. Now enter the curve with the



Plow rate x specific heat -, ~ ~ ~~i -, j . . - , - , - , ^ ^£ : value-of 0.724, and move vertically downward to the
area ' J

horizontal line. Read this intercept at a fluid exit temperature of 520°F. The
difference in fluid exit temperatures is 520°F-510°F = 10°F which is within the
acceptable band. If this temperature difference exceeded 10°F then the process
would be repeated assuming various exit temperatures (different from 510°F) until
the temperature difference was within 10°. At this point, check the heat rejected
from each radiator to see that the sum equals the required rejection of 6120 Btu/hr.
For the first radiator Q = 200 Ib/hr x 0.87 (540-510) = 5250 Btu/hr and for the
second rediator Q = 50 x 0.87 (540 - 520) = 870 Btu/hr for a total of 6120 Btu/hr
which fulfills the requirement. If the sum of the heat rejected for the two
radiators did not equal the requirement, then the complete procedure would be
repeated on different plots (different fluid inlet temperatures) until the require-
ment is met.

U.I.3.2.5 Radiator Transient Analysis. A transient thermal analysis of the entire
ECS loop has been performed on the .analog computer. The study had a two fold
objective. The first was a stability study of the "-barn door" radiator control
system (Paragraph 4.1.2.8.U). The second was to determine the combined effect of
equipment thermal inertia and external absorbed radiation on the ECS loop tempera-
tures. Due to the thermodynamic similarity between-the barn door and valve stag-
nation radiator control systems the results apply for both systems. Earth and lunar
orbits were evaluated. The characteristics of the ECS loop as programmed for the
computer are listed below:

• Total fluid flow rate - 250 Ib/hr
• Specific heat of fluid - 1 Btu/°F Ib
• Total thermal capacitance of all equipment equal to 200 Btu/°F taken as a

single capacitance
• Overall heat transfer coefficient of 267 Btu/hr°F between the equipment and

fluid
•' An on-off electrical load of 8000 -Btu/hr
• Two radiator units 60 sq ft «ach, located 180 deg apart
• Simulated external absorbed radiation for max/min radiator orientation
• Linear thermal control flow proportioning and radiator valve with 2°F

hysterisis

The radiator doors, varied linearly from full open at 0°F to full closed at -20°F.
The flow, proportioning.valve varies the flow to each radiator unit from 5% to 95%
of the total flow. Whenever the outlet temperature of radiator (A) is 10°F or
more above that of radiator (B) 95% of the total flow is directed to radiator (B).
When the outlet temperature of (A) is 10°F or more below that of (B) 5% of the total
flow is directed to (B). Intermediate conditions vary linearly between these limits.

Figures 4.1-15 and 4.1-16 indicate that the electrical equipment mass and fluid
mixed temperatures with an electrical load of 8000 Btu/hr.vary as follows for the
orbital conditions'considered:

• Equipment Temperature °F
Max Min

o Lunar Orbit
Case I . 100 70
Case II 80 60
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Max Min

o Earth Orbit
Case I 80 76
Case II 52 50

• Fluid Mixed Temperature 0°F
Max Min

o Lunar Orbit
Case I 8U 28
Case II 60 20

o Earth Orbit
Case I 62 1*0
Case II 2U 19

The results indicate small temperature variations both in the equipment being cooled
and in the mixed fluid exiting the radiator system. The analysis also indicates
that a. unit of minimum mass in the present system under the most severe lunar orbit
would not vary more than ±28°F while the main equipment temperature varies ±15°F.
The stabilizing effect of the thermal capacitance of the equipment validates the
use of orbital average absorbed radiation for radiator sizing analysis.

U.l.U Baseline Thermal Control Configuration

This configuration is the same as the recommended except that P&W fuel cells are
used instead of AC. Use of P&W fuel cells will require modification of the existing
LEM launch pad air conditioning systems. Additional cooling air, about 20 Ib/min
is required to provide proper thermal control. Provision of the required in-flight
thermal environment represents a weight penalty of about 19 lb to the ECS loop.
See Table U.l-3 for a summary of this configuration.

U.I.5 Alternate Configuration - GE Fuel Cells

Same as the recommended configuration except that GE fuel cells are used instead
of AC. The fuel cells will require approximately 75 sq ft of radiator surface and
a supplementary water boiler. See Table U.l-3 for a summary of this configuration.
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Table 4.1-3

THERMAL CONTROL CONFIGURATION

• Common Characteristics

- Cryogenic Tanks

Selected Configuration
Usable Fluid Ibm
Dry Wt, Ibm
Wet Wt, Ibm
Min. Flow @ 130 Ibm/hr
Vent Requirements

Hydrogen

6rie)NAA-AES
144.5
290
441.5
0.047

Oxygen

One)NAA-AES

1375
395
1840
0.47

None

• An Integrated ECS -Experiment Cooling Loop
• A Separate Fuel Cell Cooling Loop
• Modular Radiator Concept •

• Basic Radiator Modular Characteristics

a t Area, sq.ft.

.18 .19 15

Panel Thickness,
in.

.02

Cooling-Loop Characteristics ECS

Fuel Cell
Area, sq ft
Control System
Location
Transport Fluid
Max. Heat Rejec-
tion (Zero
Absorbed) Btu/hr
Design Inlet Temp

Design Outlet
Temp, °F
Turn Down Ratio

; Reqd .
Turn Down Ratio
Avail
Est . Recovery
Time , hr

Recommended

60

7200

100

40

4.5

8.3

2-3

Baseline

60

Alternate

60

Fin Max Sys Wt,
Effectiveness Ibm/sq ft

.96 2.0

Fuel Cell

Recommend

AC
60

Valve Stagnation
Descent Stage

62.5̂ 'Glycol, 37-5$ Water
7200

100

40

4-5

8.3

2-3

7200

100

40

4.5

8.3

2-3

12480

185

136

10.4

14.8

3-4

Baseline

P & N
60

12360

195

110

5-6

14.2

1-2

Alternate .

GE
75

12100

120

110

10.05

11.1

4-6

Free Water Available for Thermal Control, 850 Ibm (Nominal)



Table l|.l-4

NAA AES CRYOGENIC STORAGE TANKS

Outer

Diameter, in,

Overall Length, in.

• • Elliptical Contour

Cylindrical Length, In.

Temperature, r

Outer Area, sq ft

Inner

Volume, cu ft

Fluid Weight (usable), Ib

Total

Weight (Al outer, 718 inner ),lb

Pressure, psia

Residual, %

Min.' Flow at 170°F, Ib/hr

Vessel Sizes

LOX

Ul.5

39. 7V

1.U3 to i

10.1

170

27

20.25

1375

395

1000

5
0.50

LH2

. Ul.5

59. UU

1.U3 to 1

29.8

170

52

3̂ .2

1UU.2

290

. 300

.5
0.05
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Solar (T)

200 n. mi Earth Orbit

Solar (B)
IR (B)

0 90 180
Orbital Position, deg

Key B: Bottom Surface

T: Top Surface

270

Note: Solar Vector Parallel
To Orbital Plane

360

400 -

Solar (T)

80 n. mi Lunar Orbit

.Solar (B)

(B)

'1 - - I—I "V T—l

90 180

Orbital Position, deg

270 360

Fig. 4.1-1 Variation in Thermal Environment
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C. Coolant Temperature
Ranges

AC

GE

In Out x In Out

PWA

Out

In

F. Required
Radiator Area
with 850 Ib HO
Boil Off

GE
o

16
AC

12
PWA

1-3 Fuel Cells - General Characteristics
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1000 r

800 -

600 -

§
5

400

200 -

•Pratt & Whitney \

-Allis-Chalmers f

•General Electric/

20 30 40
Radiator Surface, Sq ft

Inlet Temp, °F

Outlet Temp, °F

Peak Power, Kw

Peak Heat, Btu/hr

Radiator Capacity?*
Btu/sq ft

Water Boil- off, Ib

Radiator Surface, *
sqft

Alii s- Chalmers

185

136

3.5

8700

150

850

16

Pratt & Whitney

195

110

3.5

7600

133

850

12

General Electric

120

110

3.3

9600

97

850

23

*Radiator sized based on 850 Ib HgO boil-off.

**Based on the radiator viewing a 450°R sink

Fig. 4.1-4 Phase n Apollo Applications Fuel Cell Radiator
and Water Requirements
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Fig. 4o=l-5 RCS Heat Eeq^irements
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Fig. 4.1-6 IMU-ASA Heater Power



Note

+ 200

Temp
of Equipt Mass,

Temp of
Fluid Leaving

Radiator A,
op-

Net Heat Dissipated,
Radiator A,
Btu/hr

Temp of
Fluid Leaving

Radiator B,

Net Heat Dissipated,
Radiator B,

Btu/hr

Fluid Flow
Radiator B,

Ib/hr

-200-=
-12,500

12,500
500-;

%Open,
Radiator B Door

%Open
Radiator A Door

-100-f
Mission Time, min. 0
Mission Time, hrs. 0

-500-f
-12,500

12,500
+ 250
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How Proportioner Controls

DEFINITION OF SYSTEM

Flow
Prop<

Door
Actuator

Rad
B

Hysteresis: Door Actuators & Flow Proj
Time Constant - Door Actuators = I min
Time Constant - Flow Proportioner = 5 n
Time Constant - Equipment Mass (Load)
Door Closed Fully at 30°F, Open Fully a
Proportioner: 50%/50% Flow Split At 0°1
Flow Proportioner Full Closed Leakage I

NOTES

1. No Load, Doors Closed, Temp. Level =
2. 8000 Btu/hr Equipment Load Applied at ]

This is done to reach steady state quickli
10 times as long.

3. Incorporate Full Mass.
4. Apply Instantaneous Full Normal Sun Em
5. Apply Instantaneous Full Moon Environm
6. Instantaneously Remove Full Moon Envir
7. Instantaneously Remove Full Sun Environ
8. Instantaneously Remove 8000 Btu/hr Equ
9. Reduce Mass Time Constant to 1/10 to Ai

10. Apply Instantaneously 8000 Btu/hr Equipi
A, Full Moon Environment Load on B, Si
Constant.

11. Remove Equipment Load, & All Environt
12. Reduce Mass Time Constant To 1/10 To

v:
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EMPLOYED IN ANALYSIS

tioner

Door
Actuator

Rad

rtioner * 2°F

.n
45 min
50°F
AT, 95%/5% At 10°F AT
ite = 5%

2°F
'10 Real Time Constant. (1/10 Mass.)
- otherwise problem would have taken

ronment Load On Radiator A (80 Btu/hr-sq ft).
nt Load on Radiator B (330 Btu/hr-sq ft).
nment, Load from Radiator B.
nent Load from Radiator A.
jment Load.
hieve Steady State Quickly.
lent Load, Full Sun Environment Load on
nultaneously at 45-min Equipment Time

ent Loads Instantaneously & Simultaneously,
.chieve Steady State Quickly.

Fig. 4o 1-7 Control System Synthesis



No. Basic Modules

Radiator Area, sq ft'

10
I I I I I I I I I I I I I I I 1 I I I I I I

20 30 40 50 60 70

Orbital Avg Absorbed Radiation, Btu/sq ft-hr

Fig. 4.1-8 ECS Loop Radiator Capability
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40

160

120

80

I
O
!-,
O
•a
•|H

•s
K

40

Absorbed Radiation, Btu/hr sq ft
80 120 160

Radiator Operating Temperatures, °F
Fuel Cell Inlet Outlet
• Apollo 185 150
• Gemini 120 60

100
120

40
60

ECS
• Present LEM
• Shelter

Inlet/outlet Temp, °F
185/150

Radiator Properties
• a = o. 18
• e = 0.90
e V = 0. 96

I I

220

*3
180 o-

I
£
o

I
140 O

"3

K

100

60
20 40 60 80 100

Absorbed Radiation, Btu/hr - sq ft

120 140

Fig. 4.1-10 Radiator Sizing Curve
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160

120

80

40

JH

o>

I
0
E-i
.w
0)

S -40

• i-f

"S

-80

-120

-160

% Design
Capacity

200

-30°F

T , = T. -60 (out in v
,% Capacity.

100 '

i

-I
1

/
/

1

1
I

/ Desigr;
/ Condition
' Btu/hr-sq ft

Absorbed Radiation - 70
Capacity - 46.7

Design
Temp, F

Inlet - 100
Outlet = 40

Radiator
Properties

Emissivity = 0.
Effectiveness =

1 , 1 , 1 , 1 , 1

90
0.96

20 40 60 80 100
Absorbed Radiation (Btu/hr-ft )

Fig. 4.1-13 Radiator in By-Pass Operation



Flow Capacity, Btu/hr-sq ft °F
2 3 4 5

Locus of
Sink Temp

i i i i i i i i i i i i i i i i i

Exit Temp,

°R 540

Tin = 56° °R

i i i i i i i

20 40 60 80 100 120
External Heat Absorbed, Btu/hr-sq ft

Flow Capacity, Btu/hr-sq ft °F
2 3 4 5

Exit Temp, °R
510

40 60 80 100 120
External Heat Absorbed, Btu/hr-sq ft

Radiator Flow Capacity

Fig. 4.1-14 Radiators in Parallel
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Fluid Leaving

Radiator A,

Heat Dissipated,
Radiator A,
Btu/hr(QR )

Temp of
Fluid Leaving

Radiator B,

Heat Dissipated,
Radiator B,
Btu/hr(QR )

B

Fluid Flow,
Radiator B,

lb/hr(WB)

%Open,
Radiator B Door

% Open
Radiator A Door

100-

0-

CASE I
U Om

-100-
100-

-100
12,500-

-12,500-
200-

-200
12,500

100

M



Earth Orbit
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100-
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50-
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250-

-250-

100-
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Fig. 4.1-15 Radiator Transients
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Orbit Parallel
to Solar Vector

Solar
Vector

is Equatorial

Laboratory n
Lunar Orbit
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Represent Radiator Location
For Case I & II Respectively

Grease Cup
I_J) Actuator

Radiator B

Flow
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Valve

\

Electronics
Compartment

I

Grease Cup
Actuator

Radiator A ̂ .

Space Radiator System Schematic Diagram

Fig. 4.1-16 Radiator Transients
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U.2 INTEGRATED GUIDANCE AND CONTROL

4.2.1 Assumptions

Major assumptions made in defining the IGNC for the Phase II Labs were: •

• All translation and orbital maneuvering capability will be supplied
by CSM.

• The Lab will provide the orbital attitude hold.capability within the
limits of the recommended configuration. Capability beyond these limits
will be supplied by the experiment package. •

• There is no electrical interface for control between the Lab and the CSM.
• All missions have RCS in the Lab.
• There is no main propulsion system in the Lab.

Since there is no requirement for translational capability, consideration
of rotations resulting from translation thrusting along the ±Y or ±Z axes
was omitted.

4.2.2 Background Data

4.2.2.1 Control System

The block diagram of the control system is shown in Fig. 4.2-1. This control system
corresponds to the LEM-AGS control system configuration. The results of various
analyses performed to define control system capabilities are presented herein, and
are based upon the characteristics of RCS given in Ref. 4.2-1. The location and
numbering sequence for the RCS thrusters is shown in Fig. 4.2-2.

Disturbance torques generated by crew motions are expected to produce vehicle trans-
ients of relatively short duration and will result in small incremental changes in
orientation. Proper scheduling of crew activities should minimize the significance
of these disturbances. However, the composite of unidirectional and cyclical ex-
ternal disturbance torques is expected to have a significant effect on mission
duration.

The cyclical and unidirectional disturbance torque components and their effects on
IGNCS design are mission and configuration dependent. However, preliminary analysis
of the effects of these disturbance torques on mission propellant requirements has
dictated the need for examining momentum exchange devices and other RCS thrusters.

4.2.2.2 Environmental Disturbance Torques

A preliminary analysis of the external disturbance torques affecting the Lab in
Earth orbit has been performed. Gravity gradient and aerodynamic torques were esti-
mated to be the most significant. Magnetic disturbance torques are dependent upon
vehicle shape, ambient field, location and magnetic qualities of ferromagnetic
elements stored in the vehicle and the induced fields due to electrically powered
components. Therefore, computing a reasonable estimate of the magnetic torque is
not feasible at this time, since the field-producing components cannot be located
adequately in a vehicle configuration which is not fully defined.

For purposes of defining reference torques for the Lab, a configuration showing
high moments of inertia was used. Tnis configuration is shown in Fig. 4.2-3.
Moments of inertia about the X, Y, and Z body axes were estimated to be 40629,

(̂ Ztumman-
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2
237531 and 235721 slug-ft , respectively. Five percent of the Z-axis moment of
inertia (11786 slug-ft2) was used as an estimate of the cross-product of inertia.

A peak gravity gradient torque of 0.37̂  ft-lb can be expected for this vehicle in
an inertially oriented mode. Half of the peak value (0.187 ft-lbs) is assumed to
be the most probable average value. The peak aerodynamic torque is 0.079 ft-lb;
the average value is taken as half the peak value, or 0.0̂ 0 ft-lbs'. The figures
for aerodynamic torque include a factor of five to account for diurnal and seasonal
variations in dynamic pressure. The following summarizes the torque environment
for the reference flight with the vehicle in a fixed inertial orientation.

Source Average (ft-lbs) Peak (ft-lbs)

Gravity Gradient 0.18? 0.380

Aerodynamic " 0.0̂ 0 0.079

TOTAL 0.227 0.388 (ESS)

For an inertially-oriented vehicle, the procedure used to obtain the total from all
sources is similar to that used in the definition of the torque environment of the OAO.
Average values are summed, but peak values are computed on a root-sum-squared, basis
since it is probable that each component of torque will not peak at the same time
point in the orbit.

For the case where the reference flight is oriented to within ±5 deg of the local
vertical (assumed dead band limits) the maximum bias torque due to the gravity
gradients will be 0.0295 ft-lbs. Aerodynamic torques which result from an angle of
attack corresponding to the ±5 deg deviation from the local vertical are negligible,
compared to the gravity gradient torque.

Based on the analytical model, the following.hold for the characteristics of the
gravity gradient torques:

• The total gravity torque vector always lies in the horizontal plane, (i.e.,
the plane normal to the local vertical direction) and is dependent upon the
angles between the vehicle principal axes of inertia and the local vertical.

• The maximum torque occurs when the minimum moment of inertia axis is at an
angle of ̂ 5 degrees from the vertical.

• An attitude which places two of the vehicle principal axes in the horizon- .
tal plane and the third along the vertical will result in zero gravity
gradient torque. .

Figure k.2-k indicates the torque-producing effects of variations in vehicle attitude
relative to the local vertical. These curves have been developed for general appli-
cation to any vehicle in a 200 n. mi altitude circular orbit. In generating the
data for Fig. h.2-k, cross products of inertia were assumed to be zero. Rotations
about the vehicle's X axis were not considered. Fig. 4.2-5 demonstrates the cyclic
characteristics of the gravity gradient torque for the reference.vehicle, held in
an inertial orientation.

The aerodynamic torques shown in Fig. 4.2-6 and 4.2-7 were calculated for various
AES configurations using a free molecule flow analysis. Aerodynamic pressure and
shear stresses were calculated based on incremental surface area elements of the
idealized vehicle configuration shown in Fig. 4.2-3. The analysis includes the
effects of structural shadowing of the aerodynamic flow.
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The solid and dashed curves' of Fig. -V.2-7 represent the aerodynamic torque variation
for the maximum and minimum X-axis excursion of the vehicle eg, 'measured from the
base of the CM. Computation of the torque profile was based on the ARDC 1962 stand-
ard atmosphere. However, the dynamic pressure can be assumed to be at least five
times the standard dynamic pressure at 200 n. mi due to:

a) diurnal atmospheric bulge
b) seasonal variations
c) density changes caused by solar activity

Until a more detailed review of research in the area of atmospheric variations can
be performed, a confidence factor of. five, is applied to the aerodynamic torques for
purposes of computing propellant requirements.

Maximum aerodynamic torques are experienced at attitudes .which place the vehicle's
X axis normal to the relative wind (assumed to lie at the intersection of the hori-
zontal plane and the plane of the orbit). Minimum aerodynamic torques are experienced
when the vehicle's X axis is parallel to the relative wind.

4.2.2.3 Orbital Decay

The orbital decay of the Lab stored in orbit is a consideration that could affect
GN&C requirements. If orbital, decay is severe, stabilization of the vehicle and a
subsequent reset of the orbit using the-GN&C system would required. Fig. 4.2-8
shows the initial Lab circular orbit altitude required to achieve a 200 n. mi orbit
after 60 days as a function of the ballistic parameter, W/CpS. Fig. 4.2-9 presents
the ballistic parameters for several CSM-LEM Lab configurations. For the Lab alone,
a ballistic parameter of no less than 3Q is expected. Since W/CpS will-never be
less than 30> "the maximum initial orbital, altitude can be as low as 210 n. ini. This
will assure a 200 n. mi altitude for up to 60 days.

4.2.2.4 Ground Tracking Coverage for Earth Orbital Missions

Analyses were performed to determine tracking station coverage in terms of time of
entrance to and exit from the station coverage. This data was generated for several
typical AES earth orbit missions. The following.assumptions were made:

• Parking orbit insertion'is taken as mission initiation.
• Thrusting maneuvers involving Hohmann transfers to the higher operational

orbits were not considered.
« All orbits were assumed circular.

The eleven Near Space Instrumentation Facility Stations were included in the track-
ing model. For polar orbit missions, the Fairbanks, Alaska site also was included.
Table 4.2-1 presents typical'output data for 14 orbits, assuming 28.5 deg inclin-
ation, 200 n. mi altitude-orbit. Additional data has been compiled for as many as
50 orbits. 'An evaluation of this data can. be found in Volume XVI.

4.2.2.5 Analysis of Communications Between a Lunar Orbiter and Earth Tracking Stations

Data were generated to determine the tracking station communication capability of a
vehicle in a lunar polar orbit, and of one in a low inclination, retrograde lunar
orbit. An important parameter considered was the interruption of communications by
lunar occultations of the vehicle.
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The JPL Space Trajectory Program was used to generate time histories for a vehicle
in both of the orbits described above. In addition, the program generated the rise
and set times of the vehicle relative to five tracking stations, and the times of
occultation of the vehicle by the moon.

The evaluation of these data is presented in Volume l6 "PRELAUNCH AND MISSION
OPERATIONS".

.̂2.3 Recommended Configuration

The recommended attitude control system configuration, which provides for flexibil-
ity and future growth, consists of the following LEM assemblies:

Abort Sensor Assembly (ASA)
Abort Electronics Assembly (AEA)
Modified Rate Gyro Assembly (RGA) *
Attitude and Translation Control Assembly (ATCA)
Attitude Controller Assembly (ACA)
Reaction Control System (RCS)
Translation Controller Assembly (TCA)

A block diagram of this attitude control system is presented in Fig. 4.2-1. The l6
RCS thrusters, which provide the required control torques, are located and numbered
as shown in Fig. 4.2-2. The characteristics assumed for the thrusters are given in
Ref. 4.2-1.

Ref. 4.2-2 and 4.2-3 were used to establish jet selection for rotational control
about a desired axis (Table 4.2-2). The symbolic logic showing routing of signals
is presented in Fig. 4.2-10-a and 4.2-10-b. Note that since main engine signals are
nonexistent, rotation about Y (pitch) and Z (roll) axes for the recommended configu-r-
ration is restricted to two-jet operation. Similarly, since no Y or Z translation
commands are assumed, X (Yaw) axis rotation will also be restricted to a two-jet
operation.

Propellent flow rates for limit cycle operation using this logic are presented in
Fig. 4.2-11, 4.2-12, and 4.2-13 for the non-disturbed condition (normal) and in the
presence of external disturbance torques. Typical limit cycles for normal and dis-
turbed conditions are shown in Fig. 4.2-14. Fig.4.2-13 is included to show the sys-
tem propellant flow rate for extremely small disturbance torques. It should be
noted that the minimum point shown on these curves is dependent upon control system
dead-band and vehicle moment of inertia. This point can be extracted from Fig. 4.2-15
for various values of vehicle moment of inertia and control system deadband for the
minimum impulse limit cycle depicted in Fig. 4.2-l4-c. The dotted portion of Fig.
4.2-13 represents the transition from a disturbed limit cycle (Fig.. 4.2-l4-c) to a
normal limit cycle (Fig. 4.2-l4-a). Fig. 4.2-16 and 4.2-17 present the remaining
torque-disturbed limit cycle characteristics which are required to completely define
the disturbed limit cycle (Fig. 4.2-l4-c) parametrically. Similarly, Fig. 4.2-18
presents the normal limit cycle period (Fig. 4.2-l4-a) which, in conjunction with
Fig. 4.2-11, defines the normal limit cycle characteristics parametrically.

* RGA modified to sense^rates of (3.25/1 )rad/sec., where I is maximum moment2 in m
of inertia in slug-ft .



The discussion of the recommended configuration has assumed two-jet rotation about
all vehicle axes. An impending change to LEM is to perform all yaw rotations using
four jets. This change will be accomplished by causing relay K3 in Fig. 4.2-10-b
to be de-energized at all times. This would increase yaw axis propellant flow rates
by a factor of four.

4.2.4 Baseline Configuration

The baseline configuration attitude control system is identical to that of the rec-
ommended configuration except that the present LEM RGA, with an 0.01 deg/sec
threshold, is used. This will yield a normal limit cycle of the type depicted in
Fig. 4.2-l4-b, with the propellant flow rates indicated in Fig. 4.2-19. The increas-
ing rather than decreasing propellant flow rate as a function of vehicle moment of
inertia is attributed to the inability to sense rates less than 0.01 deg/sec.

It can be seen by comparing Fig. 4.2-11 and 4.2-19 that a severe penalty is paid in
terms of required propellant, if the present RGA is used. However, disturbed-limit-
cycle propellant flow rate is still obtained from Fig. 4.2-12, but the flow rate for
extremely small torque disturbances cannot be defined as was done for the recommended
configuration (Fig. 4.2-13).

4.2.5 Alternate Configuration - Modify ASA and AEA to Provide Rate Information

The feasibility of this approach, based upon deriving rate from attitude information
using the AEA, has not been verified for the rate threshold being considered (0.001
deg/sec). Additional analyses are being performed, but the approach does not look
promising. This approach, which would require hardware modification of the AGS, is
competitive with the alternate discussed below.

4.2.6 Alternate Configuration - Use of PGNCS in Lieu of AGS.

The LEM abort GNC system is the recommended configuration because it is functionally
adequate, requires less power, is lighter and has a higher design operating life
(5000 hr vs 2000 hr for the PGNCS). However, the inherent capabilities of the PGNCS,
(Ref 4.2-4), afford considerably more mission planning flexibility and some signifi-
cant advantages when overall, control system requirements (including RCS functions)
are considered. Tables 4.2-3 and 4.2-4 summarize some of the more significant
characteristics.

It can be seen that the PGNCS has the inherent capability of providing low rate
thresholds which will result in a near-minimum impulse limit cycle, at all vehicle
inertias, in the absence of external torques. Undisturbed limit cycle propellant
flow rates and periods for this configuration are shown in Fig. 4.2-11 and 4.2-8.
Provision is also made for adjusting (maximizing) electrical thruster signal pulse
width to compensate for disturbance torques about the Y and Z axes. This will tend
to maximize the ISp. The propellant flow rates, therefore, will approach the ideal
values shown in Fig. 4.2-12 (without making any system changes).

The most severe limitation in planning the use of PGNCS is its design-operating
life of 2000 hr. At present, no attempt has'been made to assess the improvement in
reliability that might be achieved by use of replaceable spares or by redesign of
critical elements.
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It is understood that AC Spark Plug is currently studying such approaches under con-
tract to NASA. It is assumed that pertinent results from these studies will be made
available in timely fashion to the AES associate contractors (Grumman). A consider-
able improvement in reliability for both the ACS and the PGNCS is possible if the
failure rates of elements not essential to the Lab missions as currently defined are
excluded.

Scheduling (availability) of PGWCS for missions is also an important consideration
which must be assessed by NASA. The schedule does indicate, however that a consider-
ably larger amount of test data (and time) should have been accumulated for the PGNCS
prior to the scheduled launches of early Phase II Labs. Thus, it is expected that
a higher level of confidence in this equipment will exist at that time. As the AGS
design reaches maturity, a crossover point is anticipated, beyond which the AGS should
be able to demonstrate better reliability than the PGNCS at higher confidence levels.

4.2.7 Alternate Configuration - Logic Modification

The recommended configuration, using the LEM ATCA jet select logic, will use only
eight RCS thrusters to maintain attitude hold; i.e., the other eight RCS thrusters
will never be used (Fig. 4.2-11-a and U.2-10-b). A modification of the jet select
logic to allow selection of alternate jet pairs will yield improved mission reli-
ability because of the control redundancy obtained. This modification has no impact
on the limit cycle characteristics of the recommended configuration, described in
Paragraph U.2.3.

4.2.8 Alternate Configuration - Use of Other Torque Generating Devices

Reaction torques in a momentum exchange device are generated by changing the angular
momentum of a component of the device (through the relationship: torque = time rate
of change of component's angular momentum = component's inertia x time rate of change
of component's angular velocity).

If the disturbing torques have a non-zero average, the angular momentum will continue
to increase until design limits are exceeded. In this case the angular momentum must
be periodically dumped, and the system must be reset. The best known means of accom-
plishing reset is by using RCS jets.

Three momentum exchange devices that are considered to be feasible for application
to the Phase II Lab are inertia wheels, fluid flywheels, and twin control moment
gyros. Each device contains sensors to detect angular errors, amplifiers to obtain
the proper signal levels, and motors which act as torque generators. A set of three
inertia wheels or three fluid flywheels, with spin axes mutually perpendicular, or
a set of six control moment gyros (two counterrotating gyros for each axis) provides
three axis control.

In an inertia wheel device, a torque generator acts to increase or decrease the
angular velocity of a high-inertia wheel to provide changes in angular momentum.
In a fluid flywheel device, fluid is driven around a torus by a pump, and angular
momentum changes are effected by changing the fluid's velocity. A control moment
gyro's angular momentum is changed by varying the orientation of the gyro spin vector.
Because of the laws governing gyroscopic motion, the input or error sensitive axis,
the gyro spin axis, and the torquer or output axis are mutually perpendicular. There-
fore two counterrotating gyros are used for control about each axis; torques about
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the output axes and null-position spin axes cancel each other, and the resultant
change in total angular momentum takes place solely about the disturbance torque
input axis, which is independent of gyro motions.

The feasibility of using control moment gyros has been demonstrated by analysis and
simulation.

A preliminary study has shown that for sinusoidal disturbance torque with a maximum
value of 1 ft-lb, gyro wheels having a maximum angular momentum capability (individu-
ally) of 500 ft-lb-sec will provide adequate control. Problems involved in angular
momentum dumping have not yet been studied. No definite conclusion as to the superi-
ority of this momentum exchange method over the others has been arrived at to date.

Table .̂2-5 lists some of the advantages and disadvantages of each attitude control
method discussed above, from the performance and mechanical implementation points of
view. Paragraph 5.3 presents preliminary estimates of the power, size and weight for
a control moment gyro system.

4.2.9 Alternate Configuration - Use of Low Level Thrusters

Table 4 .2-6 compares control system performance in limit cycle operation, when vari-
ous thrusters with characteristics other than those of the present LEM RCS are used.
Assumptions made in the analysis are as follows:

• normal limit cycle operation; i.e., ideal rate sensors are assumed
• only two-thruster pure couple rotations occur
• moment arm is the same for all thrusters
• minimum vehicle rate change ( A 6 min) is given by

2 ̂ min1- VT
* *min = ^— = K ̂ min (1)

where

=• minimum thruster total impulse - (ib-sec)
L = thrust moment arm - (ft)
I = vehicle moment of inertia - (slug-ft̂ )
K = -St. = constant for all thrusters

I

normal limit cycle propellant flow rate (ft) is given by

L
w = = A

fl I Ispmin

where

= control system deadband - (rad)
= thruster minimum specific i

A=L/flI = constant for each thruster.

sp . = thruster minimum specific impulse - (sec)

Note that thruster number one is the present LM RCS component, given as a
reference base.



(IV)U-52

If thruster number three (Table 4.2-6) is used on the Phase II labs in the attitude
hold mode of operation, normal limit cycle propellant flow rate can be reduced to
1/259 = 0.0039 times that of the recommended AGS configuration. However, use of
thruster number three would require even further improvement in the AGS-RGA over
that recommended. In fact, capability must be provided to sense rates which are
1/15 = 0.067 times the recommended AGS rate capability to completely realize the
potential propellant savings. It is possible that the PGNCS, unmodified, may be
capable of operating at the required low rates, but such capability has yet to be
demonstrated.

In constant-torque-disturbed limit cycle operation, the AGS, with the required rate
sensing capability discussed above, will be most efficient if thruster number two
is used. This occurs because the AGS generates a minimum impulse torque-disturbed
limit cycle for the disturbance torque levels being considered, and the value of
"'"SPmin is ^e largest for thruster two. This can be seen from the equation for
constant-torque-disturbed limit cycle propellant flow rate, which is

. TD <TC - V

Tp L I ' (3)
C sp .mm

where

T^ = constant disturbance torque level - (ft - Ib)

T = control torque - (ft - Ib) .u

Equation 3 can be approximated by

. Tw = D
LI

Spmin ' (k)

if T « T - L x Thrust Level
JJ U

(which is the case for all thrusters considered in Table 4.2-6 and for disturbance
torque levels predicted),

The constant -torque -disturbed minimum impulse limit cycle period (T) is given by

2 IT . L T^ 2 IT . Lr _ mm C mm

T (T - T ) TXD v C D' D

Therefore, thruster number one (the present LEM thruster) will have the largest
disturbed limit cycle period for a given constant disturbance torque level (i.e.,
thruster number one will be subjected to the lowest number of thruster operations
for a given T) .



(IV)U-53

The above discussion can be summarized as follows:
c

• thruster number three will yield the best possible normal limit cycle
operation

• thruster number two yields the minimum propellant flow rate for the
constant-torque-disturbed limit cycle

• thruster number one will yield the minimum number of thruster operations
for any constant-torque-disturbed limit cycle

A selection of any one thruster or combination of thrusters will require additional
studies. The studies will consider each of the combinations with respect to per-
formance, power, reliability, and weight requirements.

k.2.10 Discussion of Configuration Choices

These studies have verified that the Apollo LEM IGNCS equipment can meet the basic
requirements for Lab missions as presently defined. From an overall cost effective-
ness standpoint, a modified version of the LEM abort guidance system is recommended.
It provides the desired capability of holding attitudes established by the CSM,
weighs less and requires less power than the PGNCS, has a design operating life of
5000 hr as compared to 2000 hr for the PGNCS, and the AGS elements required to pro-
vide the specified attitude hold feature represent the least severe developement
challenge.

However, the major control problem, will be that associated with the management of
momentum exchange phenomena. Thus, any meaningful analysis will be highly depend-
ent on adequate mission/experiment definition and precise knowledge of the vehicle
geometry and equipment distribution. Consideration of such factors has underscored
the significance of considering detailed dynamic characteristics of control elements
such as the rate gyro and the RCS thrusters in computing parametric curves for pro-
pellant flow rates. On the basis of such results, several alternates to the recom-
mended configuration were presented.

The most significant issues are those relevant to a choice between the AGS and the
PGNCS. The latter offers considerably more capability than has been currently
specified. It also offers more flexibility and growth potential in accommodating
changes to the mission plan or experiment requirements. Greater utilization of this
potential possibly could be realized if the opportunity for improved insight to the
PGNCS design and into the LGC program structure was afforded Grumman.

The initial edge in confidence level that the PGNCS appears to have is felt to be
temporary and would probably diminish as the AGS reaches greater design maturity.
However, should "sparing" become desirable, it might be feasible to realize some
support of the CSM system with elements from the LEM system. "Sparing" has not been
considered to date.

The greatest improvement in reliability can be achieved by judicious scheduling of
equipment duty cycles. For instance, the duty cycle of either the AGS or the
PGNCS attitude reference equipments could -be reduced by making use of the rate gyros
in the rate command mode. Thus, a thorough cost effectiveness review depends upon
availability of schedules and other mission/experiment planning factors which must
be weighed in making decisions on the following factors:
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• Automatic Star Tracker or AOT
• Selection of IGNCS configuration from alternates presented
• Selection of alternate torque generators to replace or supplement the present

LEM RCS system
• Define specific reference missions in detail so attitude profiles can be

optimized to allow effective control (or use) of all external and internal
torques.

• • Identification of significant design constraints which will have significant
impact upon design analyses (i.e., CSM RCS thermal design considerations)

• Philosphy on items such as "sparing"

Grumman will use these inputs to perform more detailed system performance analyses
based upon consideration of detailed dynamic characteristics of all control elements
and preparation of an internal torque summary. This will allow appropriate updating
and release for approval of specifications for the operational functional and per-
formance requirements for the Phase II Laboratory IGNCS.
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Table 4.2-2

THRUSTER IGNITION FOR ROTATIONAL CONTROL

Type of Signal

Single Axis

Qi
Q2
Ri
R2

PI
P2

Qi
Q2

%
R2

Pi

P2

Combined Rotations

Q2 RI

Q2 R2
QI R!
Q! R2

Thrusters Used for Response

9, 14
10, 13

5, 10 •

6, 9

7, 15

3, 11
2, 5, 9, 14

l, 6, 10, 13

l, 5, 10, 14

2, 6, 9, 13

^ 7, 12, 15
3, 8, 11, 16

,

l, 6, 10, 13 & l, 5, 10, 14

1, 6, 10, 13 & 2, 6, 9, 13
2, 5, 9, l̂  & l, 5, 10, lU

2, 5, 9, 14 & 2, 6, 9, 13

Mode

•̂

•̂
•>

Two-
L Jet
Rotation

Four-
k Jet
Rotation

J

All
Modes
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Table 4.2-3

ATTITUDE CONTROL SYSTEM PERFORMANCE
DURING UNDISTURBED LIMIT CYCLES

•

I

1=
)l ( ' If If)

1 .

I'ir-rt.''

No Main Engine Thrust
No Exterior Torques
AU.it.ude-Hold Mode of Operation

RCS Jet Pulses/sec

Max Angular Rate in
Symmetrical Limit Cycle, deg/sec

Period, min/ cycle
Avr, Propellant Consumption, Ib/min

HCI'i Jet Pulses/sec
M,-u Angular Rate in

Symmetrical Limit Cycle, deg/sec
Pc-riod, min/ cycle
Avf, Propellant Consumption, Ib/min

Minimum Predictable or
Measurable Angular Rate,
dec/sec

Error Sources

Possible Changes for Improved
Performance at High Vehicle
Inertias

*

Type- of Change

Limiting Factor if System

Control
Present
Primary

2

0.0086
2.46
0.011

2

0.00097
21.3

0.0012U

Zero
(Limited by drift
rate of primary
sys & dig comptr
sealing)**

Errors in RCS jet
thrust could cause
larger limit cycles
& higher propel-
lant consumption.**

None anti-
cipated.**

-

Computer
calculation
interval.**

System*
Present
Abort

Up to U

Up to 0.0173
Down to 1.3̂
Up to 0.041

Up to 18

Up to 0.0097
Down to 2.58
Up to 0.097

0.01

Rate gyro
threshold

&
resolution

Decrease rate
gyro resol.
inaccuracies &
thresh.
Increase rate
gain to 8.0

Hardware

PRM threshold &
D-A converter
resolution**

*Sy:-,tem Deadband = 0.3 deg
Min. RCS jet output pulse =0.6 Ib-sec
For Abort Sys:

Min PRM output pulse length = 0.01 sec
Rate gain =1.5

x*Requires further study.

LMO 500-̂ :9



COMPARISON OF PGNCS

P G N C S

1. More severe penalties in weight, power, thermal areas than AGS.

2. Better rate derivative capability ... can obtain better limit cycle performance
without hardware change (i.e., software only). Causes "optimum" convergence
(for a combined minimum fuel and time performance criterion) from any point in
the phase plane to a closed limit cycle.

3. Compensates for torque disturbances about Y and Z axes, affording reduction of
2:1 in propellant flow rates.

k. Changes in deadband and logic will essentially require software modification
which could be accomplished on a "per mission" basis.

5. Has extensive capability beyond the baseline attitude hold requirement, such
as the following:

• Capable of self-alignment to stellar-inertial reference, and could afford
degraded alignment of GSM attitude reference via voice link.

• May have adequate inherent capability for tracking, local vertical--may
simplify interface and negate need for horizon scanner or other external
sensor.

• Affords added flexibility for mission concepts requiring storage of Lab in
Earth orbit.

6. If prelaunch testing is limited to 1,200 hr, the design operating life of 2,000
hr leaves 800 hr for Lab mission. Preliminary reliability studies to investi-
gate simplification and deletion of circuitry, etc. are possible in light of
Phase I Lab requirements. This should make reliability figures compare
favorably with those for AGS. -Proper scheduling should preclude any conflict
with the 30-day recalibration requirement.

7. Considerable lack of information --It is assumed the major performance limita-
tion is lack of all-attitude capability, however, other performance capabil-
ities to be established are as follows:

• Performance at low angular rates
• Performance over long periods of time
• Effect of RCS jet thrust level errors (could cause multiple-pulse limit cycle)
• Effect of undetected jet failures (stability)

8. Anticipate higher level of confidence (than LEM AGS) for early need dates on
Phase I Labs due to commonality with and prior flight experience (scheduled for)
the CSM Apollo PGNCS Earth orbital missions.



FABLE U.2-U

: ACS FOR LABORATORY APPLICATION

A C S

1. Lighter, requires less power than PGNCS.

2. Requires modification of RGA and ATCA gain change to provide propellant
consumption comparable to PGNCS for undisturbed limit cycle operation.

3. No logic to permit widening electrical pulses in presence of disturbance
torques...costs propellant penalty.

i -
k. Changes in deadband, gain and modification to obtain 2 - jet control

about X-axis require hardware changes.

5. Must modify AEA to include star catalog if self alignment is desired.
If NASA decides to make the AST a part of the basic LEM, the AEA must be
modified to accommodate the AST hardware interface.

6. Requires external sensors and additional ATCA hardware interface change
to accommodate same to provide Iqcal vertical tracking. This is expected
to be a relatively simple interface.

7. Must modify Program Reader Assembly (PRA) for use in Earth orbital
storage concept.

i
8. Design operating life is 5000 hr--Preliminary reliability studies in-

dicate simplification and deletion of circuitry, etc. are possible in
light of Phase I Lab requirements. Reliability projections compare
favorably with data available for PGNCS. Proper scheduling should pre-
clude conflict with maintainability requirements.

9. Performance data in presence of noise, effect of D/A converters and
other AEA delays on performance must be established in the future.
Problem similar to that for PGNCS.

10. Anticipate lower level of confidence (than PGNCS) for early need dates
due to limited test experience. -Ultimately, the ACS should be able to
yield higher levels of confidence and reliability due to relative
i:.mplicity in mechanization as compared to PGNCS.

11 Use of AGS permits use of cold plate areas in cabin provided by.deletion
of PGNCS components. ,

/
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Table U.2-5

COMPARISON OF ATTITUDE CONTROL TECHNIQUES

Advantages Disadvantages

RCS
Jets

(Present
LEM)

,Simple in comparison to
other actuation systems
Many performance analy-
ses completed on LEM
project
No reset device neces-
sary as there is no
saturation
No cross-coupling
effects with proper
nozzle alignment

System limited by propel-
ant weight to short-dura-
tion missions with
restricted reqmts
Fine degree of accuracy
cannot be maintained with-
out large propellant
expenditure

Inertia
Wheels

Relatively simple in
comparison to other
momentum- exchange
devices
High-accuracy control
can be maintained
Considerable experience
with this type of con-
trol accrued on OAO
project

Coarse & fine control reqd
when fine-pointing accuracy
is desired
Wheels heavy in comparison
to other momentum-exchange
devices
Gyro cross-coupling effects
can exist
RCS jets needed for reset

Fluid
Flywheels

Extremely flexible &
simple mech design
make this system inde-
pendent of vehicle
configs
Extremely rapid response
capability
High-torque ability with
potential low-torque
ability, giving it
s ingle-system
applicability

• State-of-art relatively
undeveloped; such problems
as "resetting" yet to be
solved

• RCS jets needed for reset
• Gyro cross-coupling effects

can exist

Twin
Control-
Moment
Gyros

Exhibits rapid high
torque response to
correct for internal
movement of equipt &
personnel
Inherently stable & fail-
safe in closed-loop
operation

• Highly complex
• Efficiency varies inversely

with gyro offset angle
• Reset logic must be

examined
•• RCS jets needed for reset
• Gyro cross-coupling effects

can exist
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Table k.2-6

COMPARISON OF LOW-LEVEL & PRESENT LEM THRUSTERS

Undisturbed

Limit -
Cycle

Operation

Constant-
Torque

Disturbed
Limit-
Cycle

Operation
(with AGS)

Nominal Thrust Level, Ib
Minimum Total Impulse,
Ib-sec

Minimum Specific Impulse,

"»/A = ̂(min)/ SP(min)
Factor by which AGC rate-
sensing capabilities
must be improved*
Factor by which propel-
lant flow is reduced

ci/D = l/IspUin)
T/B = I/I / s' y(m±n) .
Factor by which propel-
lant flow is reduced

Thruster No.

1
(LEM)

100
0.75

130
V32xlO~5

l.O(nom)

l.O(nom)

0.0077

1.333

l.O(nom)

2

22
0.22

210

23x10" 5

3-^

18.8

0.00̂ 77

.̂55
1.62

3

5
0.05

150

l. 67x10" 5

15

259

0.00666
20

2.86

k

5
0.35

180

68xio"5

2. Ik

6.35

0.00556

1.15

1-39

*Beyond rate requirement established in ENG-AES/IOM-65-110, "AES Labs: Estimated
RCS Propleeant.Flow Rates and Limit Cycle Periods for AES Labs Using LEM Abort
Guidance System and LEM Reaction Control Subsystem", R. Edelmann, 20 Oct. 1965.
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4.3 REACTION CONTROL AND PROPULSION

4.3.1 Assumptions ' •

• The Lab shall be used exclusively for attitude hold.

• Two deadzone settings are available: ±0.3 deg and ±0.5 deg

• Gyro rate threshold sensitivity is compatible with the vehicle mass
properties unless otherwise specified.

• The Marquardt 100 Ib thruster performance is as follows:

Minimum impulse ( standard conditions ) = 0.75 ± 0.15 Ib• sec.

Specific impulse ( at minimum impulse )•= 130 sec.

0/F ratio ( at minimum impulse ) =1-3

• Engine life time specifications:

Burning time = 1000 sec total; 506 sec, Steady State; 500 sec Min Impulse
Cycling

Maximum Number of Cycles - 10,000

• Unmodified propellant tank capacity is 423 Ib of usable propellant

• Modified ( interchanged propellant tanks ) tank capacity is 524 Ib of
usable propellant

U.3-2 Background Data

Propellant Tank Sizing For Phase II Labs - Estimated RCS propellant expenditure
for undisturbed limit cycle operation is shown in Fig. 4.3-1 and 4.3-2. Two
Rate Gyro thresholds are shown 0.001 deg/sec., and 0.01 deg/sec. The former
threshold represents an order of magnitude increase in rate gyro sensitivity over
that now'available in the LEM Rate Gyro Assembly ( RGA ). The characteristics of
the system which define the desirability of modifying the rate gyro threshold are
defined in Paragraphs 4.2 and 5-3-

The RCS propellant consumption shown assumes attitude hold' is required 100$ of the
mission time; part of the time at ±0-3 deg, and the remainder at ±5-0 deg. Figures
4.3-3 and 4.3-4 show RCS propellant consumption for attitude holds only at ±5.0 or
±0.3 deg for an 0.001 deg rate gyro threshold. Figure 4.3-5 gives the same infor-
mation for a 0.01 deg. rate threshold. Note that all propellant consumption-quoted
assumes attitude hold about all three axes. Two sets of propellant tanks will pro-
vide a capability of 0.3 deg limit cycling for the entire mission with ideal rate
sensing (0.001 deg/sec rate threshold) provided no disturbance torques are present.
Retention of the current RGA, (0.01 deg/sec rate threshold) results in approximately
a fifteen fold increase in RCS propellant consumption. Table 4.3-1 summarizes
RCS attitude hold capability using either an unmodified RGA (0.01 deg/sec rate
threshold) or a modified RGA with a rate threshold of 0..001 deg/sec. Further dis-
cussion on rate threshold effects is given in Paragraph 4.2.

4-3-3 Recommended Configuration

Based on the current LEM RCS propellant tank system, the maximum utilization of
propellant in limit cycle mode•( minimum impulse, 0/F =1-3 ) is 423 Ib. If the
oxidizer and fuel tanks are interchanged, the maximum propellant utilization in-
creases to 524 Ib ( 1048 Ib for two sets of tanks ). Estimated RCS propellant
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expenditure during disturbed inertial attitude hold operation is shown in Fig.
4.3-6- The minimum torque values at which these data are valid are given in
Paragraph 4.2 ( Fig. 4.2-15 )• The time average of external torque disturbances
for Phase II Lab 200 n. mi missions is currently estimated to be between 0.2 and
0.3 ft-lb. The effect of internal disturbance torques, however, has not been
analyzed. A precise knowledge of both GSM and Lab operations will be required, for
this analysis.

11.3.3.1 RCS Contingency Requirements

The above data, considered a good estimate of propellant requirements, are based
on a limited amount of data on experiment payload, vehicle design, pointing re-
quirements and disturbance torques. The normal limit cycling rate about a vehi-
cle axis for moments of inertia above 23,500 slug ft is a function of engine
minimum impulse bit. Above this value " Gyro Rate Bias " exists wherein the pro-
pellant flow is determined by rate gyro sensitivity. The minimum impulse bit of
the Marquardt RCS engine, although bracketed by an estimate, is undefined. With-
in tolerance limits the engine minimum impulse bit may vary between 0.35 and 1.45
Ib sec. This variation includes engine to engine performance, power supply volt-
age, system pressure and environmental changes. The upper limit of minimum im-
pulse bit is the most severe condition for limit cycle operation, possibly quad-
rupling the propellant flow rate •( from rates shown in Fig. 4.3-1 through 4-3-5).
An analysis of tolerance limit engine performance will be undertaken in Phase C.

As discussed in Paragraph 4.3.3 the addition of two sets of tanks to the present
LEM system, and the reversing of the fuel and oxidizer lines, provides sufficient
propellant ( 1048 Ib ) to maintain fine attitude control for the entire mission.
This is true if no disturbance torques are present and if improved rate sensing
( 0.001 deg/sec ) is provided. This is the recommended system.

4.3.3.2 Feed System Dynamics

The influence of feed system dynamics upon reaction control engine performance has.
been studied using .the basic tools developed' for the LEM RCS.* The reaction con-
trol system for the Labs will be used exclusively for attitude hold; therefore,
the engines will be operated in a mode which requires one or more minimum impulse
bits upon command. The results reported below use the computer mode for dynamic
interaction developed for the LEM RCS0 The duty cycle for all pulse modes was
10 ms "on-time" followed by 130 ms "off-time" (see Fig. 4.3-7). There are six pos-
sible operational modes for the RCS:

. • Single Engine Firing a Single Pulse: The total impulse developed from
the single pulse is reproducible from pulse to pulse as long as the time
between pulses is greater than the time required for the feed system to
return to equilibrium. The dynamic model of the RCS indicates that the
time to return to equilibrium depends on the physical position of the
engine in the system but is on the order of 0.500 seconds.

• Single Engine Firing Multiple Pulses: In the example am 1 .;.-:ê , the total
impulse 01' eai:h pulse was not the same; the deviation being about 20$>
between the largest and smallest impulse bit. ' The total impulse produced
by an RCS jet af't-.er the first pulse is in part a function of the time
between pulses and the physical position of the engine in the system.

* Dynamic Interaction Analysis and Computer Model - LEM Reaction Control Pro-
pulsion System, Volume 1, R. Bowlin, R. Rose, Advanced Technology Laboratory Re-
•port, General-Electric Company, Schenectady, New York



• Two Engines Firing a Single Pulse in Phase: Figure U.3-8 shows, as a func-
tion of time, the chamber pressure, PC, and the total impulse of two engines
firing a pulse in phase. The engines are those in the "A System" which
are used for a +Z rotation. The chamber pressure-time trace shows that
neither the peak chamber pressure nor the total impulse from each engine
is the same. A secondary peak, probably caused by "water hammer" effects
appears in each trace at different times.

• Two Engines Firing Multiple Pulses in Phase: Figure h.3-9 shows, as a func-
tion of time, the chamber pressure and the total impulse of two engines
firing multiple pulses in phase. The engines are those in the A system
which are used for a +Z rotation. It should be noted that none of the
three pulses of either engine give the same total impulse; the deviation
between largest and smallest pulse being 28.7% for engine 10 and kQ,2% for
engine 13. While the total impulse for each additional pulse diminishes,
the cumulative difference in total impulse increases with each succeeding
pulse.

Figure U.3-10 shows, as a function time, chamber pressure and total impulse
for engine 5 and engine 10 in the "A System"; these jets are used for -Y
rotation. Engine 5 has less total impulse than engine 10 for the first
pulse but has more on the succeeding pulses. There is a kO% deviation in
total impulse between the largest and smallest pulse by engine 10 but only
a 12% deviation for engine 5.

The following comments apply to each of the operational modes mentioned below:

• Two Engines Firing a Single Pulse or Multiple Pulses Wot in .Phase: Con-
ceptually, to get a pure couple, two engines on either side of the vehicle
must fire with the same total impulse at the same time. However, due to
control system electronics, this situation rarely occurs. One engine fires
slightly sooner than the other. From a vehicle control .point of view,
this will cause no problems; however, from a feed system dynamics point of
view, this could cause considerable difficulty. The total impulse and peak
chamber pressure is a strong function of the static pressure of the propel-
lants at the engine valve. If the propellant valves on the second engine
open just as the'rarefaction wave caused by the first engine's valve move-
ment passes, the static pressure may be so low that cavitation will occur.
The second engine will be fed only gaseous propellant, and no firing will
occur. Conversely, if the valve on the second engine opens just as a re-
flected wave is passing, the static pressure may be considerably higher
than nominal and the engine will use more propellant and develop a musch
greater than nominal impulse bit. Either of these situations is obviously
bad. Provisions have been made to analyze these cases when the magnitude
of the delays is made known,

^«,3o^ Baseline Configuration

The baseline configuration is the same as the recommended Configuration

S-19,621
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4.3.5 Alternate Configuration - Low Level Thrusters

Table 4.3-2 shows a summary of reaction jet performance of several low level thrus-
ter during disturbed limit cycle operation, with ideal rate sensing, compared to
the LEM RCS. Minimum impulse bit and specific impulse of these thrusters reflect
nominal, single engine, single pulse, engine performance. Multiple pulse oper-
ation results in approximately a 1.0% increase in minimum impulse bit and specific
impulse. It should also be pointed out that clustered engine performance could
significantly change the results shown. However, except for the LEM RCS thrusters,
clustered performance is not available for any of the engines shown. The following
general conclusions can be drawn from Table 4.3-2

• In undisturbed limit cycle operation, Marquardt's 5 lb thruster yields the
greatest reduction in RCS propellant requirements, 99.6%. However, the
corresponding decrease in vehicle angular rate of 93.3% is somewhat of a
disadvantage since rate sensing, already a critical item on the Labs, must
be improved significantly to realize any propellant performance improve-
ment. This would probably entail a major modification to LEM's RGA.

• For disturbed limit cycle operation, the Marquardt 22 lb thruster yields
the best performance for the level of disturbance torques considered for
Phase II Labs. In disturbed limit cycle operation, for disturbance torques
much smaller than the control torque, propellant flow rate is inversely
proportional to engine specific impulse. Since the Marquardt 22 lb thrus-
ter yields the highest specific impulse it has the lowest propellant con-
sumption in this mode of operation. Of the engines considered, this engine
yields the best overall performance for both undisturbed and disturbed
limit cycle operation. As with the 5 lb thruster, the percentage reduction
in vehicle angular rate with this thruster will make it necessary to ob-
tain greater rate sensing sensitivity than is now available (0.01°/sec)
using the current RGA on LEM.

• Using LEM thrusters for disturbed limit cycle operation results in the
largest vehicle period (vehicle period is directly proportional to minimum
impulse bit), and the least number of engine cycles. However, for normal
undisturbed limit cycle operation the reverse is true; it has the greatest
cycle requirement and the shortest vehicle period.

• The Gemini 25 lb thruster yields significant propellant savings over the
LEM RCS, 85.8% in undisturbed and 60.0% in disturbed limit cycle operation,
but is limited in spec life to 425 seconds. For Phase II Lab Flights where
a large amount of limit cycling might be required, this could be a limiting
factor.



Table 4.3-1

SUMMARY OF RCS ATTITUDE-HOLD CAPABILITY
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EGA
Threshold,
deg/sec

Deadzone, deg

0.01 (Unmod)

0.001 (Mod)

Max Attitude
Hold Duration, days

Sets of RCS Tanks

2 Unmod

±0.3

5.26

49.6

'±5.0

86.4

830.0

2 Mod

±0.3

- 6.52

61.6

±5.0

107.0

1026.0

I = 30,000 slug- ft2

I =1 = 200,000 slug- ft2
y-y z-z
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Table 4.3-2

Comparison of Low-Level Thruster Performance
To LEM RCS Thruster

Performance
Characteristics

Manufacturer

Steady- State
Thrust, Ib

Pulse Width, ms

Minimum Impulse
Bit, Ib-sec

Specific Impulse at
Min Impulse Bit, sec

% Reduction in
Propellant,
Undisturbed/Disturbed

% Reduction In
Vehicle Angular Rate,
Undisturbed

% Change in Vehicle
Period
Undisturbed /Disturbed

Peak Torque, (L=5-5 ft,
2 Engines)
ft, Ib

Engine Status

LEM RCS,

100 Ib

Marquardt

100

10

0.75

130

Base

Base

Base

1100

Now building
production
config for
qual test

Gemini
Thruster,
25 Ib

North .
American

25

20

0.35(est.)

180-200

85.8/60.0

53-3

Incr/Decr
114/53-3

275

In production,
TCA failure
life 578 sec;
spec life,
425 sec.

Advent
Thruster,
22 Ib

Marquardt

22

10

0.22

210

94.7/62.0

70.7

Incr/Decr
241/70.7

242

42 Configs of
10 engines
built & tested
Total starts
1 engine,
13,111. Max
time from 1
engine,
219 min.

Syncom
Thruster,
5 Ib

Marquardt

5

10

0.05

150-195

99-6/11.5

93-3

Incr/Decr
1400/93-3

55

25 Chambers
built & tested .
Total accumu-
lated time,
37,000 sec.
Total, no. of
tests, 1150.

*Ref. 1: Letter to D. Pierce from Marquardt Corporation dated 8 September 1965
"Liquid Bipropellant Pulse - Rocket Engine Data"

2: McDonnell Spec, dated l4 June 1965
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4.4 CREW SYSTEMS

4.4.1 Introduction -

The responsibility of Crew Systems is to insure that all hardware with which man
must interface is designed to satisfy man's role within the context of the mission.
This implies the analysis of:

• Mission(s)
• Man's role to satisfy the mission
• Hardware systems implications

The mission is first analyzed to determine its duration, type of on-board equipment
carried, orbital inclination, orbital period, type of experiments to be carried,
etc., to establish the frame of reference for evaluating man's role. Next, a
work breakdown and apportionment among the crew establishes an activity schedule.
Finally, the equipment required to accomplish these activities is determined.

4.4.1.1 Assumptions

• Waste management functions will be handled by the CM
• Crew safety package will be utilized in the Lab
• Suit loop will be utilized in the Lab

---% Three men (two in the Lab, one in the CM during work activity in shirt-
sleeves)

• Ten hours work/l4 hours non-work per man per day
«« Lab work activities will include housekeeping, and experiments
• Airlock is provided
• Two-gas atmosphere at 5 psia. . .

4.4.2 Background Data

Crew Systems requirements include such areas as:

• Life Support
• Radiation Monitoring
• Volume .
• Crew Training

4.4.2.1.1 Environment: The environment is made up of a two gas system, (oxygen-
nitrogen)

The total barometric pressure is equal to 259 mm Hg (5 psia), based on the following
partial pressures:

02 = 158

(mm Hg)

58

85

C02 = 5

HJD = 111

S-19,616
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Control of oxygen and nitrogen in the atmosphere is accomplished by cryogenic
storage ranging from 50 to 425 mm Hg in partial pressure.

In order to control the atmosphere, certain constituents such as carbon dioxide
must be removed or rendered capable of utilization. Carbon dioxide will be re-
moved by the CSM ECS.

Ventilation flow rates are important for environmental control of temperature and
comfort. Flow-rate requirements depend on the level of activity in a given area
commensurate with metabolic loads expressed in Btu. The following values are given
as general requirements for ventilation flow rates.

(cfm)

Living Area . = 240

Personal Hygiene and Toilet = 240

Work Area = 400

Sleeping Area = 40 .

Trace contaminant removal by the CSM will be obtained with the filtering of gas flow
used for other ambient control functions. Odors are absorbed by charcoal. Micro-
biological growth is controlled by ultraviolet radiation and the use of germicides.
Aerosol (mist or fog) is removed by filtration.

4.4.2.1.2 Metabolism: A schedule of activities for the crew has been assumed and
metabolic rates have been assigned to the duration of the activity in a 24"'hr day.

Based upon a practical distribution time and activity for a given day, the energy
expenditure ranges between 300 to 2400 Btu, with a total expenditure of approximately
12,000 Btu/man-day. This value requires a level of energy of approximately 3000
Calories/man-day.

IK4.2.1.3 Food and Water: Food quantity is estimated to be approximately 1.5 lb/
man-day, where the amount of carbohydrates, protein fat and water totals
approximately 1.32 Ib/raan-day and the remaining 0.28 Ib/man-day consists of the
calorifically valueless foods and unassimilated food. This is commensurate with
the metabolic parameters defined in the schedule of events and the substrate
required.

Water may be required in the preparation of certain foods. Total water requirements
for input independent of sanitation is 2.6 Ib/man-day. Five lb of wash water per
man-day is estimated for personal hygiene; it may subsequently be used for laundry.

4.4.2.1.4 Waste Management (Table 4.4-1); Waste management will be a functional
requirement of the CSM.

4.4.2.1.5 Clothing; The clothing required for the crew consists of extravehicular
suits and undergarments, and flight garments and undergarments. The undergarments
may be expendable.

Normal operation inside the Lab will be a shirt-sleeve environment. Space suits
will be used to protect the occupants in the event a decompression is required to
effect a minor repair. Pressure suit compatibility is therefore considered in the
design of the interior.
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4.4.2.1.6 Personal Hygiene: Personal Hygiene activities will include the use of:

• Treated, throwaway wash cloths that the astronaut will use to cleanse his
entire body

• Toilet and urinal facilities to collect and store urine
• Means for collection of such stores of solids as nails, hair, and skin.

4.4.2.2 Personnel Radiation Safety Monitoring Package (Ref. 4.4-1)

Radiation exposure of astronauts in a parking earth orbit remains a potential rather
than a definite hazard. The level of exposure of astronauts in the Mercury and the
recent Gemini mission were within allowable limits. However, the following parameters
still remain critical for any radiation analysis:

Solar flares
Duration of exposure
Type and amount of vehicle and personnel shielding
Quantitative chronological record of exposure of the individual crew member
Age of the crew member
Maximum permissible critical organ dosage

Tolerance limits which have been recommended for Apollo are listed in Table 4.4-2.

In view of the importance and complexity of the problem and the difficulty of
getting adequate direct information on the effects of space radiation on the genetic
makeup of the crew, the indirect evaluation is .considered the best indicator of these
biological effects of space radiation.

Table 4.4-3 lists techniques for personnel radiation monitoring.

4.4.2.3 Volume

4.4.2.3.1 Pressurized Volume; A pressurized volume of approximately 250 cu ft is
available to accommodate the necessary hardware and two astronauts. This includes
183.5 cu ft in the front work area and 66.5 cu ft in the bulkhead area.

4.4.2.3.2 Usable Volume: A usable volume (free space) of approximately 154.0 cu ft
is available to accommodate the astronauts. This insures 77 cu ft of free volume
per man for the mission. According to Ref.' 4.4-2 and 4.4-3 a free space volume of
75 cu ft/man is required for a 45 day confinement.

4.4.2.4 Crew Training

The AES flight crew training requirements and training equipment documents proposed
by the Support Group have been reviewed and found to be generally acceptable at this
time. A review of a sample of MSC training documents prepared for the Gemini
Project has revealed certain guidelines which may be of importance in the AES train-
ing plans. These are:

Crew members are normally scheduled as teams in designated positions
Cross-seat and cross-team training is required on critical tasks
Backup crew training should be equivalent to the primary crew
Only one crew member participates in less critical tasks
Gemini and Agena craft schedules are basic to other crew training schedules
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• Thorough training in basic spacecraft systems is required.
• The crew commander is responsible for his crew-training activities.

4.4.3 Recommended Configuration

The recommended configuration shall include the following crew system inputs:

Crew safety package
Physiological consideration of one vs two gas atmosphere
Suit loop
Airlock
Crew duty .cycle , •
Lighting
Color scheme
Furnishings

4.4.3.1 Crew Safety Package (Pef. 4.4-4) . .

The crew safety package will display respiration rate, and heart rate; the minimum
requirement for crew safety. The astronaut and ground monitoring stations will be
able to observe these rates whenever the biomedical umbilical is plugged into the
jack provided in the control panel. This safety package is necessary for:

Real time evaluation of astronaut's physical condition
Simplicity of required instrumentation
Medical significance • . . .
Minimizing medical and physical hazard
Minimizing time and crew training requirements

4.4.3.2 Some Physiological Considerations of a One Gas and Two Gas Systems (Table
4.4-2)

Atmosphere selection is based primarily upon physiological consideration. Since the
physiological data is not available at this time, no attempt will be made to .
evaluate the percentages currently assumed. However, oxygen toxicity and hypoxia
govern the upper and lower limits of the oxygen partial pressure 300 mm Hg and 110
mm Hg respectively. " • . .

The two-gas system recommended by NASA for the life support system of the Phase II
Lab is essentially a composition of approximately 70$ 0 and approximately 30$ of
N2 or helium at 5 psia. Concerning the critical physiological problem of the bends
(dysbarism), recent studies have demonstrated that a helium/oxygen environment can
produce "decompression sickness" as easily as does nitrogen/oxygen atmosphere.

Although the use of 100$ oxygen at 5 psia may minimize the hazards of decompression,
prolonged exposure may prove to be toxic. Moreover, an atmosphere free of an inert
gas may itself be a physiological impediment because lung collapse (atelectasis)
becomes a threat and the biophysical optimum of the respiratory systems requires it.
In addition, a pure oxygen atmosphere presents a greater fire hazard than one to
which an inert gas, preferably nitrogen, has been added.
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4.4.3-3 Human Factors Requirements for A Suit Loop

The main function of the suit loop is to maintain both the physical and physio-
logical continuity (e.g. the suit loop allows for medical monitoring and a closed
ecological system which may operate independently of the prescribed shirtsleeve
environment). It is assumed that normal work activity is accomplished with the
astronauts in the shirtsleeve environment. However the suit loop is needed in the
Lab to accomplish suit checkout and provide life support whenever the astronauts
must "suit up".

When suit check must be performed, prior to entrance into the air lock, a suit
loop is required. If this suit check can be accomplished with an umbilical from
the command module, the physical mechanism of the suit loop connection in the
Lab may not be required. However regardless of mechanization, the requirements
for physiological continuity can not be changed..

At least two of the astronauts will be suiting up whenever an EVA is scheduled, one
for EVA, and the other in the Lab, where he will be available in case of emergency.
The second astronaut will operate suited and pressurized. The suit loop will keep
him comfortable while he continues to observe the first crewman and perform other
tasks.

An additional requirement of the suit loop is anticipated for purging of the suit
(Paragraph 4.4.3.3).

Tables 4.4-5 and 4.4-6 indicate the activity in preparation for EVA and the specific
procedures for the suit loop and PLSS.

4.4.3.4 Human Factors Requirements for an Airlock

With a proper sequence of preoxygenation/purging of the inert gas, the problem of
decompression sickness can be minimized. The mode being considered to achieve
the preoxygenation/purging sequence is to .utilize an airlock where its total
atmospheric volume of 10% (Og) and 30% inert gas is purged and replaced by 100$
0 or where it serves as an area to purge the man/suit/PLSS interface only.

Another problem that is. minimized by the airlock is that of ensuring maximum crew
time in shirtsleeves to complete prescribed tasks when an EVA is scheduled. Since
cabin pressure does not have to be dumped, the door between the Lab and the GSM can
remain open. This will permit.the unsuited astronaut to move about more freely
and perform the tasks required of him more easily while in shirtsleeves. The
second astronaut will be suited and cooled by the suit loop, working with his
helmet off. His performance in the unpressurized suit will be far less degraded
than if he had to perform the same tasks with the suit pressurized.

The major human factors for an airlock are as follows:

• Preoxygenation/purging of the inert gas from the man/suit/suit accessories
interface with the minimum utilization of gases.

• Maximum use of duty cycle work time in the pressurized shirtsleeve Lab.

/uunman.
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4.4.3.5 Crew Duty Cycle

4.4.3.5.1 Guidelines:

• Each operator will be on a 10 hr work/l4 non-work schedule
• The non-work schedule will include:

o Compatible recreation, socialization and eating periods for the opera-
tors (e.g., Crewmen 1 and 2 eat together twice a day for 0.5 hr each
and socialize twice/day for 0.5 hr each; crewmen 2 and 3 schedule and
crewmen 1 and 3 schedule are compatible).

o An extended period of 6 hr minimum, 8 hr maximum for each operator for
eating, personal hygiene and undisturbed sleep. This is staggered for
each operator.

• The work schedule will include:

o 4 hr of undisturbed work followed by a non-work period of 4 hr, (a
4:4:2, 4:2:4, or 2:4:4 work schedule is desired),

o At least one operator always awake
o All three operators awake during extra-vehicular activities (EVA)
o A 3-5 hr EVA period is maximum with PLSS (tethered operator)

• PLSS Usage

o The PLSS will use throwaway batteries.
o If using the same PLSS after an EVA, 1 hr is required for bringing PLSS

up to requirements and checking out prior to going on next EVA.
o If switching PLSS after an EVA, 25 min is required prior to going on

next EVA.

4.4.3-5.2 Work Routine; The normal work routine will include such activities as:

• Housekeeping
• Operational and experimental (not discussed here for basic Lab)

Housekeeping is an ongoing activity which follows a prescribed routine of monitor-
ing system status, communicating with ground stations, checking out pressure suits,
performing EVA's and replacing LiOH canisters (Table 4.4).

The data shown below is a daily breakdown of time required for housekeeping activ-
ities for the Lab and the CSM and the time available to run experiments and per-
form other necessary work. It is based upon a lOhr/day maximum work load per
astronaut.



Time, hr:min

Per Man Total

Housekeeping activities for the Lab 0:23 1:09 .

Housekeeping activities for the CSM 0:Vf ' 2:20

(Ref. NAA Housekeeping Time Line for Phase I flights, CSM orbital phase.)

-Total Housekeeping AES ' 1:10 . 3:29

Experimental Time and Worktime Available 8:50 . "26:31

Total on Duty Time 10:00 30:00

^••^•.3»5«3 Duty Cycle Description; The duty cycle is compatible with crew guide-
lines (Fig. ̂.4-2):

• Maximum utilization made of the time where two astronauts can eat meals or
rest together in the CM (example: hr 6-7 for crewmen 1 and 2,-and hr
9:30-10:00 for crewmen 1 and 3, and hr 1̂ -15 for crewmen 1 and 3, and hr
20-21 for crewmen 1 and 2).

• Two astronauts can also perform experiments and work together in the Lab
(example: hr ll-l̂  for crewmen 1 and 3, and hr 16-19:30 for crewmen 1
and 2). In the case of the EVA during hours 7:20 to 9, all three crew-
men are awake, and crewmen 1 and 2 are suited.

.̂̂ .3.6 Lighting

The mission requirements of the Lab necessitate the placement of additional light-
ing both interior and exterior to supplement the existing sources provided for the
LEW. The light package for the Lab will include:

• Interior

o Worktop
o Flood: panel and ceiling
o Dome: overall illumination of cabin interior mid-section
o EL: controls and displays

• Exterior

o Floods: two located at lower corners of descent stage 180 deg apart,
illuminate underneath, away from, and along sides of vehicle. Can be
controlled from exterior or interior switch.

o Docking Lights: same as the existing LEM

The present lighting array should supply the total light source needs. Power re-
quirements are based on the worst possible case, i.e., no natural light source,
direct or indirect.
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U.4.3.7 Color Scheme

Optimum visual utilization is contingent on good light and a suitable colored sur-
face that enhances light reflectivity. Colors provide for a psychological accept-
ance of the environment both aesthetically and physically. They possess properties
that can stimulate or depress, irritate or relax; etc. subject to individual dif-
ferences. Color schemes can be categorized as warm or cool to induce "color-moods."
Warm colors are recommended for the interior to provide a cheerful habitat. A
cool color should be employed to provide for a visual relief harmonious with the
predominant ambient interior color schematic. Such colors, for example, would be
specifically applicable in the immediate work areas whose trim would be painted
with relatively bright colors.

For illustrative purposes, recommended color scheme (Ref. -̂.̂ -5) is as follows:

• Floor - 30118 - Brown -
• Walls and Ceiling - 30318 - Tan
• Control Panels - 30257 - Mustard Gold
• Furnishings - 35299 - Blue Green

4.U.3.8 Furnishings

Work space and layout

• Work top desk tables (2) -18 x 24 in, located on either side of the
immediate front section of the forward cabin with suitable console lamps
to uniformly light the entire perimeter of each desk. These desk tops
serve as recreation tables, and are of the folddown type with appropriate
wall recess and bracket for storage. This is an addition to the existing
LEM

• Seat, swivel type (l) -14 in dia, located beneath desk tables. Adjustable
swivel seats with vertical pin-break hinge to facilitate storage. This is
an addition to the existing LEM

• Storage areas -6.63 cu ft of storage space is available in various loca-
tions (both in the forward cabin and in the mid-section of the Lab). This
space is expected to be for the storage of experimental equipment.



Table k.k-1

'MAN'S WASTE PRODUCTION

(IV)̂ -111

Source

Urine

Feces

Water Vapor

Carbon Dioxide

Flatus

Hair

Nails

Microorganisms

Skin Cells

Mucus

Quantity

3

0

5

2

5

7

2

h

1

9

, lb/man-day

.2

.3 -

.3

.3

x 10"3

-h
x 10

x 10" 5

-U
x 10.

x 10"3

-k
x 10
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Table U.U-2

ANALYSIS OF ONE- VS. TWO-GAS SYSTEM

Component

Fire Hazard

Leak Rate

Aeroembolism

Storage

Equipt Reqmts

Op Toxicity

Hypoxia

One-Gas

°2

Critical

Not critical

Not critical

No problem

Not critical

Problem

No Problem

Two-Gas

02-N2

02-He

Not so critical

He : Critical
Np : Not so critical

Critical

Problem

Critical

No problem

Problem
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Table U. U. 5

SET-UP FOR EVA, USING SUIT LOOP
FRONT HATCH AIRLOCK

Time
min: sec

06:00

00:15

01:00

02:00

01:00

01:30

01:30

00:15

03:30

01:30

02:30

00:15

02:30

Crewman No. 1

• Don Suit (Less Helmet)

• Hook up' to Suit Loop
(For cooling)

• Don Emergency Oxygen Supply (EOS)

• Erect PLSS Donning Station

• Attach PLSS No . 1 to Donning
Station and Prepare PLSS
No. 1 for checkout

• Checkout PLSS No. 1 Communi-
cation/Telemetry/Warning

• Check PLSS No. 1 coolant

• Don Helmet • -

• Checkout PLSS No. 10, Supply
and Suit Leakage
- Connect PLSS Line
- Disconnect ECS Umbilicals .
- Pressurize Suit thru PLSS

• Prepare PLSS No. 1 for Standby

• Don PLSS

• Hook up to Suit Loop

• (Remain on Suit Loop until
Cabin' is Re-Pressurized at
Completion of EVA)

• Assist-. Crewman No. 2 in. Donning

Crewman No . 2

'

' • Don Suit (Less Helmet)
• Hook up to Suit Loop
(for cooling)

, • Don EOS

• Assist Crewman No. 1

• Attach PLSS No. 2 to Donning
Station and Prepare for
Checkout

• Checkout PLB3 No. 2 Communi-
cations/Telemetry/Warning

• Checkout PLSS No. 2 Coolant

• Don Helmet

• Checkout PLSS No. 2 Og Supply
and Suit Leakage
-Connect PLSS Line
-Disconnect ECS Umbilical
-Pressurize Suit Thru PLSS

• Enable PLSS No. 2 for Egress

• Don Piss No. 2

• Open Hatch to Airlock

• Enter Airlock

• Secure Hatch

• Dump Airlock Pressure

• Open Hatch to Space

• Egress Airlock

• Secure Hatch

Time
min: sec

06:00
00:15

01:00

02:30

• 02:00

_

01:30

01:30

00:15

03:30

02:00

02:30

00:30

00:30

00:30

00:30

00:30

00:30

00:30

Suit Loop Time

Astronaut No. 1 = 13 min 0 sec (initially), then all EVA time

Astronaut Ho. 2 = 21 min 0 sec (Prior to EVA)

Total Suited Time

Astronaut No. 2 = 33 min 15 sec



Table k.k.6

RETURN AFTER EVA

FRONT HATCH AIRLOCK

Time
Min sec

Crewman No.l Crewman No.2 Time
Min:Sec

00:30

03:00

03:00

01:00

10:00

00:15

10:00

• Secure Hatch

• Assist Crewman No. 2

• Remove PLSS No.l

• Stow PLSS No.l

• Assist Crewman No.l

• Disconnect Suit Loop

• Doff Suit & Accessories
& Hang to air dry prior
to stowing

• Open Airlock Hatch

• Ingress Airlock

• Secure Hatch

• Pressurize Airlock

• Open Interior Hatch

• Ingress Lab

• Connect to Lab Systems

- Hookup to Suit Loop

- Disconnect & Shutdown
PLSS No. 2

• Doff PLSS No.2

• Stow PLSS No.2

• Remove & Stow PLSS
Donning Station

• Assist Crewman No.l

• Disconnect Suit Loop

• Doff Suit & Accessories
& Hang to air dry prior
to stowing

• Assist Crewman No. 1

00:30

00:30

00:30

00:30

00:30

00:30

02:00

03:00

01:00

01:00

03:00

00:15

10:00

10:00

Suit Loop Time .

Astronaut No.l = 19 min 5 sec
Astronaut No.2 = 13 min. 15 sec

Total Suited Time
Astronaut No.2 = 21 min 15 sec



Table U.U-7

HOUSEKEEPING ACTIVITIES PHASE II LAB

Subsystem

EPS . .

Communication

RCS

GN & C

Instrumen-
tation

ECS "

Suit & PLSS

LiOH

Frequency,
Every:

. 6 hr :

45 min (Approx.)

2 hr

90 min

1 hr

2 hr

EVA

5 days

Time
min: sec

02:00

00:10

00:30

01:00

01:00

01:00

20:00

05:00

Work Activity Description

Purge fuel cells

Turn on and off. Talk while
in range of station ( 0-̂ -0 min)

Check pressure and temperature

Visual check and adjust if
necessary

Visual. check of displays

Visual check of gauges and
lights.

Test of sealing, maneuver-
ability, pressure, etc.

Unloading used canisters;
loading and setup of fresh
canister.

/uunmasL



Atmosphere
61* 0
33% N
COo (30 mm Hg Max.)
H20 vapor (13 mm Hg Max.)
Barometric
pressure, 5 psi

Ventilation
- Living Area
.- Pers Hyg & Toilet

, - Work Area
- Sleep Area

Contaminat ion
- Odor
- Low mol wt

contaminants
- Microbiological
- Germacides

& Aerosol

Wastes , Ib /man-day
HO vapor, 5-3
Urine, 3-2
Feces, - 0.3
C02, 2.3
H20, 5.0

Atmosphere Control
Cryogenic Storage, 158 mm Hg
Cryogenic Storage 85 mm Hg
Vent Overboard
Absorption

Partial Pressures of Constituents

2*10 .

^ > cu ft/min Flow Rate

ko >

Charcoal Absorption
Catalyst Bed

UV Radiation
Filtration .

Waste Control
Absorption
Decontamination/Store
Store
LiOH or Molecular Sieve
Store

Metabolism: 300 to 2UOO Btu depending on level of activity (sleeping,, eating,
exercise, recreation, housekeeping, personal maintenance, system monitoring,
and experimental work). Total energy expenditure = 12,000 Btu/man-day.

Food: 3000 calories/man-day, 1.5. Ib/man-day (GFE Diet).

Water: 2.6 Ib/man-day, drinking and food preparation.
5.0 Ib/man-day, sanitation and hygiene.

Clothing: EVA suits, undergarments, and flight garments.

Interfaces: Pressure suit accessories, life support pack, shelter, and EVA
clothing.

Requirements: storage, donning space, 02 and H20 tank filling, air-lock operation,
ECS checkouts, bacteriological decontamination, communications system mobility,
waste handling, and biomedical instrumentation.

Work-Rest Activities
- Duty: console monitoring, experimentation, EVA
- Unscheduled: experiment reporting.
- Rest: relaxation and sleeping.
- Exercise: body conditioning.

Personal: toilet and general grooming.

Fig. 4.4-1 Life Support Requirements - Phase II Lab
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(20 min)
(40 min)
(10 min)

M)

10
I

11
I

12

EVA
(Incl LiOH
Transfer)

E«per
& Wort

1 1

1 1

Rest
(CM)

Dotf
Suit

&
Rest
(CM)

Dotf
Suit
(CM)

Lt Snack
Pert Hjrg

Experiments
S Wort

Sleep (in CM)

c

1 1

Rest
(CM)

II

It Snack with
Ground

Sta

II

II

E«per

Housekeeping
Work Activity

in Lab
EPS (P)
Comm (C)
RCS (R)
GN&C (G)
Instr (I)

ECS (E)
Snit, PLSS
LiOH

13
I

14

19
I

20

IS
I

16

21 22
I

23
I

24

• 1
1

Exper G Hot Meal
& C "?" C & Pers Hyg

Wort R (CM> | (CM)
E
• 1 1

II II

C E)f' . Lt Snack
1 w*r|(

 h Pers Hyg

II II

Rest & Recreation
(CM)

•

Rest & Recreation
(CM)

II II
C

Exper | Exper
*. fi Experiments *.

work o Wort >vorR

II II

X"n R *&»«
(CM) 1 & Wort

E

G
P
C
R
1
E

Notes:
• Wash-op before meals; personal

hygiene & toilet duties (if reqd) after meals.
• Tasks designated with bars top & bottom

relate to housekeeping tasks.
• Astronauts on a 10-hr work, 14-hr

non-work schedule
• All tasks in Lab eicept when

specified CM (Command Module).
• Except for EVAs, all work done with

astronauts in shirtsleeves.

Fig. 4. 4-2 Typical Day Activity - Phase II Lab



If. 5 RELIABILITY AND MAINTAINABILITY

if. 5.1 Assumptions

if.5.1.1 Mission Profile

A time-line summary for a Phase II Lab design reference mission (DRM) is presented
in Table U.5-1. This profile is not intended to represent any particular flight.
It has been selected to provide a basis for reliability estimation, configuration
analysis, trade-off studies, and mission success predictions.

The mission times are divided into boost and non-boost periods. Applicable environ-
mental stress factors (K Factors) are shown for each period depending on operation
or non-operation of the equipment during boost and non-boost periods. These factors
are used to modify equipment inherent failure rates. In accordance with the mission
time lines and K factors, as well as the subsystem equipment failure rates, math
models, and operating usage times shown in this report, the probability of mission
success can be calculated on a subsystem basis.

.̂5.1.2 Vehicle Configuration Definition

Mission success probability calculations are based on the recommended vehicle con-
figuration defined in Table 2.3-1.

if.5.1.3 Mission Success Definition

Mission success is defined as the probability of not aborting the DRM because of a fail-
ure of the defined configuration. Although failures of the booster, CSM, or experi-
mental packages would cancel the scientific and engineering experiments, they could
not be judged failures against the Phase II Lab. A mission shall be aborted if
either the future occurrence of a single functional failure would endanger the
general well-being of any crew member, or if the projected probability of catastrophe
is greater than a maximum acceptable level.

if. 5.1. if Failure Rate Data

Wherever possible, failure rate data were extracted from LEM Report No. LED-550-58*
"Failure Rates Used for LEM Reliability Estimate". Data used from other sources
are specifically denoted elsewhere in this report.

•%

if.5-2 Background Data - Comparison of Stabilization & Control Subsystems

The S&CS of the Phase II Lab plays a major role in the determination of overall
vehicle reliability. Because of this, and since there is more than one possible
S&CS, a special study was undertaken to define the reliability of the S&CS choice.
The S&CS function of the recommended Lab configuration consists of equipment re-
quired for rate stabilization, and equipment required for attitude hold. The
equipment considered to be the minimum requirement for the recommended configuration
is:

• Rate Stabilization Equipment: Rate Gyro Assembly (RGA), Attitude and Trans-
lation Control Assembly (ATCA), and Attitude Controller Assembly (ACA).

• Attitude Hold Equipment: Abort Sensor Assembly (ASA), and Abort Electronics
Assembly (AEA). .

Aumman.
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U.5.2.1 Abort Guidance System

k. 5. 2. 1.1 Rate Stabilization Section. This section consists of three assemblies:

• ATCA : This may be divided into two parts :

o Input section, consisting of the limiters, gradient amplifiers, summing
• amplifiers, demodulators, and deadband.

o Output section, consisting of jet select logic, vertical and horizontal
summing amplifiers, pulse ratio modulators, preamps, and jet drivers.

Based on a grouping of the pulse ratio modulators in two sets of four each, one set
for the horizontal thrusters and one set for the vertical thrusters, the circuits
of the output section may be divided in the same manner. In the group of vertical
circuits there is full capability if three out of four operate. In the group of
horizontal circuits, if three out of four operate full X-rotation capability is
retained. For Y and Z translation, one thruster is used in one-half of the cases,
and a pulsed couple balances out the torque caused by one thruster operating. Thus
automatic control remains intact, but with a fuel and time penalty for Y and Z
translation only. If we do not include this penalty in the reliability calculation,
we have the reliability model shown in Fig. ^.5-1

• RGA: This assembly is included with a failure rate of 99-1 x 10
f allure s/hr. . /-

• ACA: This assembly is included with a failure rate of 33-^ x 10"
f allure s/hr .•

The reliability of the Rate Stabilization Section is

(R5R6R7R8 + SW8

k.5 2.1.2 Attitude Hold Section. It has been assumed that two alternatives are
possible for the Lab: one'which does not require accelerometers, and one which
does require them for small translational changes. If accelerometers are not re-
quired, a considerable reduction in failure rate'can be realized. If accelero-
meters are required, the-configuration will be the same as for LEM. The reduction
in failure rate is not anticipated as due to physical removal of subassemblies, a
removal which would have undesirable thermal side-effects, but simply due to a
mathematical reduction.



The failure rates, "based on actual parts count, are as follows:

Assembly LEM Failure Rates AES Failure Rates.
Failures per Million Hrs. Failures per Million Hrs.

ASA 370.29

AEA 1016.00

1386.29

ATCA

ACA

RGA

1251.99

If the Rate Stabilization Section operates at 100$ duty cycle and the Attitude Hold
Section operates at 50% duty cycle, the following values indicate the reliability .
of both sections of the S&CS for 5, 10, 30, 65, 100, 300, and 1100 hrs, for a con-
figuration which does not require accelerometers.

Equivalent
Time(Hrs) 2 K Xt Reliability

5 hr 0.003587 0.996̂ 7

10 0.00717̂  0.99285
30 0.021523 0.97871

65 O.OU6633 0.95UUU
100 0.0717̂ 3 0.93077
300 0.215230 0.80635

1100 0.789173 O.U5U22

The operating time of the basic S&CS is not fixed because the experiments may
require various other types of stabilization, guidance, and control, each with its
own operating time.

U.5.2.2 Primary Guidance System

If the guidance system consists of the Primary Guidance and Navigation subsystem
(PGNS), and if accelerometers are not required, mathematical reduction in failure
rates may be realized, as with the Abort Guidance System.

Regarding the IMU, if accelerometers are not required, three PIPA's and three
Power Amplifiers can be deleted from reliability calculations.

Regarding the PTA circuitry associated with accelerometers can be deleted from
reliability calculations.



(IV)4-124

Regarding the LGC, circuits not required for acceleration can be put to other uses.
Failure rates based on those given in the specification for the PGNS, are as follows

LEM Failure,Rates
Subassembly Failures per Million Hrs.

IMU

PSA

PTA

CDU (l8l ea)

LGC

ATCA

ACA

AES Failure Rates
Failures per Million Hrs.

Total: 1747.4 1136.4

Note, the DSKY is considered as. part of Displays and Controls. If other types of
sensors are used during some experiments, thus allowing the PGNS to be shut down,
the RGA and ATCA would be used. The following failure rates are for the configu-
ation used under these conditions:

LEM Failure Rates AES Failure Rates
Subassembly Failures per Million Hrs. Failures per Million Hrs.

IMU* 7-8 7-8

Electronics* 6-3 6.3

ATCA 132.0 5L34

RGA "• 99-1 99-1

ACA 33-4 33-4

TCA 31.0

Total: 309-6 197.94 '

If the PGNS is assumed to operate at a 50$ duty cycle, the following values indi-
cate the reliability of the system when using the PGNS:

Equivalent
Time Hrs_. . ZKXt Reliability

5 0.003335 0.996669
10 0.006671 0.993350
30 0.020015 0.980184

65 0.043366 0.957561

*Standby Failure Rate



(IV)4-125

Equivalent
Time Hrs. S K At Reliability

100 0.066717 0.935̂ 76
300 0.200151 0.819025

1100 0.673887 0.509761

Figure 4.5-2 shows reliability vs time for the stabilization and attitude hold
function using the ACS. The reliability of stabilization only, of attitude hold
only, and of both, but with duty cycles for attitude hold of 50$> and 100$ is shown.
Similar information is shown in Fig. 4.5-3 for the PGNS.

The choice of system reliability and duty cycle depends on what other systems are
available for guidance, navigation and control during the various experiments, and
the reliability desired. Thus, if a lower reliability can be tolerated, the oper-
ating time can be extended, whereas if overall planning requires a high reliability,
operating time would be curtailed and other types of systems would be used for
other portions of the mission.

It is assumed that the minimum time between shut-down and turn-on for the PGNS or
the AGS is 1/2 hr, due to the time required for thermal stabilization. Another
factor limiting the number of on-off cycles is the failure rate associated with
this cycling. It is desirable to arrange the experiments of the Lab according to
the type of guidance system required, so that the operating times can be grouped,
thus avoiding excessive on-off cycling.

4.5.2.3 Comparison of Systems

The reliability estimates of the AGS and PGNS have been made by independent sources
and are therefore not subject to comparison. Consideration of the equipment, as to
its design and adaptability to mission requirements, is more meaningful under the
circumstances than a consideration of the reliability numbers available.

It should be noted that the PGWS in the LEM configuration has a higher failure rate
than the AGS. However, if acceleration measurements are not required, the PGNS will
have a lower failure rate than the AGS* This is because when the accelerometers
and associated circuits are deleted from reliability calculations, the reduction
for the PGNS is greater than for the AGS.

The specified operating life for the AGS is 5000 hrs., whereas the specified oper-
ating life of the PGNS is only 2000 hrs. The respective specification for each
equipment require 1000-hr periods free of scheduled maintenance for the AGS,
whereas the maintenance-free mission of the PGNS is limited to 30 days or 720 hr.
Thus the PGNS would be available for a maximum mission of 720 hrs., from the erection
of the spacecraft onto the assembled launch vehicle through mission accomplishment.
The AGS would be available for a maximum mission of 1000 hr. These times apply if
no maintenance is allowed on either system.

4.5.3 Recommended Configuration - Reliability Estimates

Subsystem reliability math models, functional block diagrams (Fig. 4. 5-4), and equip-
ment utilization times (Table 4.5-2) were developed to determine subsystem and
recommended configuration reliability estimates.
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4.5.3.1 Subsystem Reliability Estimates

4. 5 «3 .1.1 Stability and Control. The S&CS recommended configuration for the Lab
is considered to be a minimum configuration capable of rate stabilization and atti-
tude hold. In the absence of definitive information as to the time of required use
for this equipment, it is assumed that the rate stabilization is required for 100$
of the mission, and attitude hold for $0% of the mission. This yields a 0.46l006
subsystem reliability. The .subsystem housekeeping reliability, assuming 100$ rate
stabilization without attitude hold capability, is 0.820252. A detailed analysis
including the ATCA failure rate derivation is described in Paragraph 4.5.2.

4.5.3.1.2 Reaction Control Subsystem. Reliability analysis of the RCS involves
the attitude and fine translation capabilities of the vehicle, including: helium,
oxidizer, and propellant storage; as well as regulation and thrust capability.
The reliability math model is :

- R5)R6 [V8(2 - R8)R|] [2 * W2 - R8)R9]

4R2
2(i .

Rl4(Ri5Ri6 + R1T ' Ri5Ri6Rl7) Rl8Ri9R2o[ {(R21 + R22 ' R21R22)

[2 - (R21 + R22 - R21R22)
2] }2 (R23 + R^ - R23R2I,)

30R̂ R̂

16 80 32 32 4
R28 R29 30 R31 2

Insertion of the element reliability values into the- math model, yields a 0.834995
RGS reliability.

The propellant tank bladders are the major contributing factor to unreliability
because of their high failure rate. No additional problem areas are pointed out,
RCS reliability improvement can be achieved only if the inherent reliability of
each component in the subsystem is upgraded.

4.5.3.1.3 Electrical Power Subsystem (EPS). The Lab II EPS configuration consists
of two Allis-Chalmers fuel cells with an associated cryogenic supply system. In
addition to the fuel cell system, one 7'-kw-hr peaking battery and associated control
assembly is utilized to supplement the fuel cell power system for peak demand inter-
vals (12 min. every lU hrs.). For the purpose of reliability calculations, .the peak-
ing battery is considered operational when it is activated and charged and the "EGA
operational duty cycle is considered only during battery discharge time. The cryo-
genic hydrogen and oxygen supply system shown is a single tank (one 02, one H2)
non-redundant feed system. Mission success was based on the requirement that all-



systems be operational throughout the l*5-day Earth orbital mission. Based on the
above ground rules the reliability of the EPS configuration is 0.899UO.

.̂5.3.1.̂  Environmental Control Subsystem (ECS). The analytical model was devel-
oped using the following guidelines and assumptions which were incorporated into the
ECS reliability model.

• Water tank undergoes, one operating cycle for the extent of the mission.
• Heat transport system is considered in an operative state for the extent

of the mission.
• Oxygen supply system for the atmosphere revitalization section was consid-

ered integrated with the EPS fuel cell configuration (cryogenic supply)
and is therefore not included in this analysis.

• Atmosphere revitalization section is considered pressurized only during
EVA time

• LED 550-58> dated 18 June 19&5* and failure rate data supplied by Hamilton
Standard were used as the basis for the reliability assessment.

The mission success probability based on the above assumptions is 0.96120.

.̂5.3.1.5 Communications Subsystem. The reliability analysis of the Phase II Lab
Communications Subsystem consists of an investigation into the S-band transmission
and receiving capabilities between the crew and earth, including status data, and
the VHF communications mode during EVA and experimentation. This analysis has
assumed that the ranging requirement capability necessary for mission success is
fulfilled by the GSM'ranging network. The ranging function is an inherent capabil-
ity of the Phase II Lab, using S-band equipments (PM modulating functional capabil-
ity is backup to GSM ranging potentials) which operate for large portions of the
mission time, with insignificant degradation of subsystem reliability.

Several additional assumptions have been made to expedite the reliability modeling
analysis. The first involves the failure-rate apportionment to the signal processor
assembly. Since this part of the system has multiple operational modes, sometimes
acting independently of one another and at other times operating in a completely
dependent arrangement, it was assumed that for the majority of the mission time the
entire failure rate of the unit (\ = 6̂ .5̂ 9 x 10.-°) shall be applied to the mathe-
matical model during any period of mission time where any one section of the signal
processor is used. This is in fact assuming complete interdependency of internal
components. This assumption is justified because the signal processor assembly
is of paramount importance to the successful operation of the communications sub-
system in every mode of operation. The analysis based on the above assumption
depicts a "worst case" reliability estimate. Configuration analysis reflecting
interdependency of operational functions within the Signal Processor Assembly is•
beyond the present scope of work, since a parts count of the assembly (including
filters) is approximately 1700 items.

Another assumption is that the VHF channel B transmitter has the capability to be
used as a backup mode for voice communications with the CM (assuming CM capability
to receive voice communications on this channel). Consequently, the VHF trans-
mitters A and B are considered as active redundancies in the reliability analysis
(as are VHF receivers A and B). Also configured as redundant items in the model-
ing analysis are the astronaut's headset receiver and microphone assemblies - under
the assumption that headset receiver 1 and microphone 1 operate together in series.



The mathematical expression for the communications subsystem is : '

U-R13)] R2R3(2-R3

R9(2 - R9)R10(R11A + R11B - Rm*11B)(R12A +

When the combined factors are introduced for each reliability block established
above, the product run through'-the equation yields 'a reliability of the Communi-
cations Subsystem equal to 0.903965. As mentioned before, ' the prime degrading
component for this analysis : is the Signal Processor Assembly. Aside from the SPA,
no additional problem areas are pointed out and improvement in the reliability of
the Communications Subsystem can be -achieved only if the inherent reliability of
each component in -the system is upgraded. • ' • '•

h. 5. 3. 1.6 Instrumentation . It is assumed" that the- two PCMTEA ' s .. are operated
one-fourth of the time during the mission. Other portions of instrumentation are
assumed- to operate all of the time. The first PCM is considered- to be a backup
for the caution and warning. The tape recorders are not considered to be redundant,
because one- Is being filled while the other is emptying- its information through
the communications system. It is -to- be noted that the two PCM/ TEA are used for
different purposes: one for housekeeping, the other- for experiment data, and' are
therefore not redundant. The subsystem reliability estimate equals 0.685671.

k. 5. 3. 1.7 Controls and Displays Subsystem. The reliability analysis of the:-C&D
Subsystem consisted of an' examination of all- of 'the individual controls and- dis-
plays required by the other subsystems in the AES Phase II Lab . The overall C&D
Subsystem reliability was obtained from the following mathematical model :-.

(2 - VV2.f VWioAi.+Ae - RnR
12) ' ,.

•* V2" - 2 - A) : ;.,

R28R29R30v .. ; •-_;" "" ; " .' -; ' •• • ". • ' • •• • • .

Applying time (t), environmental factor (K), and failure rates' ( X ), to this
equation and solving yields a reliability equal to 0.7358̂ -1.

.̂5.3.2 .System Reliability -Analysis . . .' ." ' " _

A summary, of subsystem reliability estimates for the Phase II Lab is_ shown in
Table ^.5-3> -together .with pertinent LEM' data. "Approximation of Structure and
Explosive Subsystem Reliabilities were obtained by utilizing LEM estimates" with
exponential degradation allowed .for the extende'd duration. "
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In general,
If \ 4-

R = e , and Q = 1.0 - R

For small values of KXt, Q«KXt, and KX«
t

then

V22

Q «J: x 1079^9.3366 Q
115.567

were subscript 1 represents LEM and subscript 2 represents AES.

Subsystem Q Q

Controls & Displays
and Instrumentation 0.000622 0.005870 0.99̂ 193

Structure 0.000022 0.000205 0.999795

Explosives 0.000076 0.000709 0.999291

The values above for Controls & Displays and Instrumentation show the effect of not
including sensor reliabilities.

Figure ̂ .5-5 represents vehicle reliabilities for mission durations up to ̂ 5 days.
The curves shown are based on an exponential degradation of reliability with mission
duration, and therefore represent close approximations to the actual estimates.
Also included in Fig. ̂.5-5 are curves representing experiment package reliabilities
plotted against a scale which indicates the product of vehicle and experiment pack-
age reliabilities.

Although the Lab reliability curve indicates values in excess of the LEM estimate
curve, both fall below the LEM specification goal. Further study is required to
determine reliability improvement potential by applying maintainability and/or
configuration modification concepts.

.̂5.3.3 Identification of Wearout Items

Although the LEM equipments have not been designed to optimize in-flight mainte-
nance characteristics, approximately 80 out of 25Q items investigated would permit
in-flight and/or lunar surface maintenance. Further effort is required to inves-
tigate each of these applicable items for the Lab configuration to determine the
degree of maintenance significance.

As a minimum, before any of these items become actual candidates, each will be
analyzed with respect to:

• Availability requirements
• Failure rates and failure modes

_



• Constraints of the maintenance task on the time line
• Complexity of the maintenance• task (skill, training, and tool requirements)
• Accessibility (for removal, replacement, calibration, adjustment and/or

servicing)
• Alternate modes of operation
• Fault diagnostic aids requirement.

For each maintenance candidate, a figure of merit or maintainability index (Ml)
will be apportioned. The MI will be a quantitative expression of the desired or
optimized goal for performing the maintenance task in a prescribed time. As each
candidate is analyzed, its inherent maintainability will be determined. If the
measure of maintainability is less than the index, means for maintainability im-
provement will be recommended and the impact will be traded off with reliability,
weight, cost, schedule, etc., such that overall system effectiveness and/or mission
success may be enhanced.

Table ^.5-^- presents a- potential wearout list which indicates that a number of items
are potential AES problems. Items identified by an "X" indicate a high probability
of wear out while those identified by an "*" indicate that wear out problems are
suspected but further study and information is required to be more conclusive.

Concern has been expressed over the life characteristics of kynar seals and teflon
seats in the RCS to meet mission requirements when exposed to propellants or pro-
pellant vapors. The LEM project has initiated a change request (number 9^ dated
10/26/65) to extend qualification tests to hh days, such that the LEM mission
requirements can be met. These test results will be monitored for AES applications.

The maximum estimated time that the RCS will be exposed to'propellant or propellant
vapors for the AES mission is as follows:

• • • •• ' ' Time (days) ' '

Load propellant (prior to launch) , 5

Allowable launch'window . ' 3

Time for prelaunch recycle 30

Orbital time ' - • • " - ' ^5

Total: 83

Another potential problem under study is the ability of the electroluminescent
displays to meet AES mission requirements. The AES/LEM window panel assembly has
been- identified as-another AES life-limited item. ' •

k.5.k EPS Reliability Configuration Analysis ' ' " - -

A study was conducted to assess the GE, P&W, and A-C fuel cell assemblies for the
Lab baseline, alternate, and recommended configurations. The following tabulation
presents the evaluation based on a continuous operating cycle for the full mission
(1*5 days) for the housekeeping and experiment portions combined, with and without
the mapping radar experiment.



Lab Fuel Cell Evaluation

Configuration
Requirement

• Continuous
.Operation for
^5 days without
mapping radar
experiment

Continuous
Operation for
k5 days with
mapping radar
experiment

Fuel Cell
Type*

P&W

GE

AC

P&W

GE

AC

Qty.
Provided

2

2

(12 stacks)

2.

Qty.
Required

Reliability

0.999139

7 for 115.7hrsi
6 for 96U.3hrs/'

1

2

10

0.999501

0.998787

0.705480

0.931260

* Cell Failure Rates:

AC: 1 f/10 hrsper cell section (33 sections)

P&W: 0.86 f/10 hrsper cell

GE: 5 f/10 hrsper cell

** With one additional section added the reliability will increase to 0.978123.
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Table U.5-1

DESIGN REFERENCE MISSION

Boost Non-Boost

Time Time

Norn

Phase

1

2

3

'

Description

Launch

Earth Parking Orbit

Hohmann Transfer

Orbital

KQ = 10.0

.1656

.0082

.00316

.00306

KQ = 1.0

KNO = °-001

.0011

.02083

.99683
1077.8012

Total

Time

.1667

.02903

.99999

1077 • 80̂ 3

TOTAL .180 1078.82 1079•0
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Table U.5-2

RECOMMENDED PHASE II LAB RELIABILITY SUMMARY

Ident
No.

1
2
3
4
5*

1
2
3
k
5
6
7
8
9
10
11
12
13
lit
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

A. Stabilization & Control Subsystem
(R = 0.4610064 for 100$ Rate Stab, 50$ Attitude Hold)
(R = 0.820252 for 100$ Rate Stab, No Attitude Hold)

Name (& Quantity if
More Than One;

ATCA - Attitude & Translation Control Ass'y
ACA - Attitude Controller Ass'y
RGA - Rate Gyro Ass'y
ASA - Abort Sensor Ass'y
AEA - Abort Electronics Ass'y

Fail Rate
f/106 hr

51-34
33-40
99.10
265.35
802.80

Equipment Usage Time, hr
Operate

Boost Non- Boost
1077.8
1077-8
1077-8
538.9
538.9

Non-Operate
Boost
.18
.18
.18
.18
.18

Non- Boost
1.02
1.02
1.02

539.92
539-92

B. Reaction Control Subsystem (R = .834995)

Helium Pressure Vessel (2)
Pressure Transducer (4)
Manifold (2)
Temperature Transducer (5)
Helium Initiate Squib Valve
Helium Filter
'Shut Off Valve-Solenoid
Pressure Regulator - Foil Open
Pressure Regulator -vFoil Closed
Quad Check Valve-Oxidizer - Foil Closed
Quad Check Valve-fuel - Foil Closed
Quad Check Valve-Oxidizer - Foil Open
Quad Check Valve-Fuel - Foil Open
Burst Disc (2) '
Pressure Relief Valve
Test Point
Burst Disc
Oxidizer Tank (bladder) -(2) failure rate
Fuel Tank (bladder)-(s) 106cycles
Main Shutoff Valve
Fill Valve
Cap
Fill Valve 30" Redundancies in Series
Cap
Thrust Chamber Assembly-Fire (4)
Thrust Chamber Assembly-Nofire (4)
Isolation Valve (16)
Propellant Inlet Filter (l6}
Lines, Joints, Fittings (80)
Thrust Chamber Assembly Injector Valve-
Fire (32)

Thrust Chamber Assembly Injector Valve-
No Fire (32)

* Assumed vendor estimate

.04

.05

.04*

.05

.06
•31

14.20
13.67
13.67
8.7*
8.7*
8.7*
8/7*
.11

5-7
12.5
.11

8400.0
8400.0

3.09
3.66
80.0
3.66
80.0

1057-9
1057-9

3-09
• 31
.05

34.4

34.4

.321

.321

.321
• 321
.321
.321
.321
.141
.141
.141
.141
.18
.18
.321
.321
.321
.321
0
0
.321
.321
• 321
.321
.321
.141
0
.321
.321
.321
.141

0

1078.679
1078.679
1078.679
1078.679
1078.679
1078.679
1078.679
0
0
0
0

1078.679
1078.679
1078.679
1078.679
1078.679
1078.679

1
1

1078.679
1078.679
1078.679
1078.679
1078.679
0
0

1078.679
1078.679
1078.679

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
.18
0
•321
0

0

.18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1078.679
0

1078.679
0

0

1078.679

C. Electrical Power Subsystem (R = )

1
2
3
C
k
5
6
7
8
9
10
11
12

Fuel Cell Assembly (2)
Peaking Battery
Battery ECA
Cryogenic Feed System

Tank
Fill Valve
Vent Valve
Cap (2)
Heater (2)
' Thermostat (2)
Motor Fan (2)
Manual Override SW.
Pressure Xducer

1.0/Sect*
2.0**
20

*-**
• 50
.171
.171
.80.0
• 05
• 03

3-59
.015

13.0

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

1078.82
1078.82
15.40

1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82 .

'

1063.6



Table 4.5-2 (Cont)

Ident
No.

37
38
39
40
41
42 •
43
44
45
46
47
48
49
50
51

1 Name (& Quantity if
More Than One)

Re gen. Heat exchanger (2)
Cabin Fan (2)
Temperature Control Valve (2)
Regulator Control Valve (2)
Radiator (2)'
Cabin Dump Valve
H20 Hose
H20 Disconnect
H20 Hose Assy
02 Relief Valve
02 Manual Shutoff Valve
02 Filler
02 Hose
02 Disconnect
02 Hose Assy

Fail Rate
f/106 hr

2.0
8.58
• 39
.81
• 50

3-01
.10

1-33
.02

3-37
2.43
-05
.05
.24
.05

Equipment Usage Time, hr

Operate
Boost

' .180
.180
.180
.180
:i8o
.180
.180
.180
.180
.180
.180
.180
.180
.180
.180

Hon- Boost

1078.82
1078.82
1078.82
1078.82
1078.82 '
1078.82-
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82

Non-Operate ;
Boost Non-Boost..

' '-••''

.-*
-',

•£'.
V

E. Communications (R = .90396)

1
2
3

4
5
6
7
8
9
10
11A
11B
12A
12B
13

S-Band Omnidirectional Antenna •
S-Band Diplexer
S-Band Transmit-Receive Electronic
Replaceable Assembly

FM Modulator
PM Modulator
Signal "Processor Assembly
Headset Audio Receiver
Headset Microphone
VHF Omnidirectional Antenna
VHF Diplexer
VHF Transmitter A
VHF Transmitter B
VHF Receiver A
VHF Receiver B
S-Band Steerable Antenna

*Assumed Vendor Estimate.

.025
1-7

52.9
.162*
• 757*

64.549
• 30
.120
.025

1-7
12.067*
12.067*
13-252*
13-252*
4l.O

0
0

'0
0
0
0
0
0
0
0
0
0
0
0
0

354.982
354.982

354.982
354.982
354.982
1078.82
1078.82
1078.82
132.0
132.0
132.0
132.0
132.0
132.0
354.982

.18

.18

.18

.18

.18

.18

.18

.18 .

.18

.18

.18

.18

.18

.18

.18

723-84;;
"723 ..84f;.

. i"?-\

723.84?
•723. 84r:
723. 84v
0 '.C
0 K
o ~Z'

946.82*
'946.82*,
946". 82?"
.9"46.82$?
946.82̂
946.82?'.

; ;723.8||

,-•' -4
•••<.'&

F. Instrumentation (R = .685671) " '- .: ,,''H>,

1
2
3

5
6
7
8
9
10
11

Transducers
Signal Conditioning Electronics Ass'y
Pulse Code Modulator #1
Caution & Warning Elec. Ass'y
Displays
Timing Electronics Ass 'y #1
Pulse Code Modulator #2
Tape Recorder #1
Tape Recorder #2
Timing Electronics Ass 'y #2
Voice Recorder

49.06
122.69
20.00
59-55
121.00
8.20
20.00 .
80.40
80. 40
8.20
12.90

1077-8
1077-8
269.4
1077.8
1077-8
269.4
269.4
1077-8
1077-8
269.4
1077-8

.18

.18

.18

.18

.18

.18
.' .18
. .18

.18

.18

.18

• - -- • 'f.
e-

808.4 C"
•808.4.-̂ ;
808.4:*:
.808.4T.
808.4. •>
»'-- -"^-:
.•__ '*''*•

-'808.4-f;'
"~ ,**

G. Controls & Displays (R = -73584068)- - - .J"

1
2
3

5
6
7
8
9
10
11
12
13
14
15

Explosive Devices
Electrical Power System
Caution & Warning *
Environmental Control System
Reaction Control System
R.C.S. - System A Regulators
R.C.S. - System B Regulators

• Flight Controls
Stabilization & Control
Communications
Comm - VHP A
Comm - VHF B
Communication Antennas
Audio - VHF A
Audio - VHF B

5-20
56AO

27-70
44.10
1.00
1.00
53.60
5-70
19-85
1.11
1.21
13-10
0.91
0.91

.141

.141

.141

1077.801

1077.801
1077.660
1077.660
1077-660
949.240
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801

.180

.180

' .180
.180
.180
.180
.180 -
.180.
.180-
; l86 ""
.180
.180
.180
.180

1.0J9-
1.019

"fi-

i.om-
1.019,

.• 1.019
, l.Olg
.-. 13 .' T̂

• -J't/̂ -QĴ t
' ' ' ̂3&<&j)i.
• •";';;' i'-'o'lSjj

". i-o*£;3
, i.oi°9~j
• i.bl§f
JVi.of|;



Table U.5-2 (Cont)

Ident
No.

13
Ik
15
16
17 •
18
19
20
21

Name (& Quantity if
More Than One)

Pressure Switch
Motor Switch
Temperature Sensor
Quantity gauge
Signal Conditioner
Shutoff Valve (2)
Heat Exchanger
Pressure Relief Valve
Lines

Fail Rate
f/106 hr

9.09
1.28
•37

7-71
15-0
2A3
• 05

3-30
.05

Equipment Usag
Operate

Boost

.180

.180

.180

.180

.180

.ISO

.180

.180

Won- Boost

1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82

e Time, hr
Non-0]

Boost
Derate

Non- Boost

^Assumed f of one f/K>6 hr/section.
**Assumed f = to LEM modified descent battery (10 kw-hr)
***Cryogenic supply system consists of signal 02 & H2 tanks and feed. One system shown;

other system (H2 or 02) identical. (See Fig. ). Fail rates on cryogenic tank
systems obtained from vendor sources.

**Assumed failure rate equal to LEM modifies descent 6 Hr ( 10 kcoh)

***Cryogenic supply system consist of single Oxygen and Hydrogen tanks and feed. One
system is shown, the other system (Hg or 02) is identical (refer to figure )
Failure rates on cryogenic tank system were based on estimates obtained from, vendor sources.

D. Environmental Control Subsystem (R = .96120)

1
2
3
*4

5
6
7
8
9
10
11
12
13
1*4

15
16
17
18
19
20
21
22
23
2*4

25
26
27
28
29
30
31
32
33
3k
35
36

Select Valve
Pressure Regulator
H20 Tank
Fill Valve
Cap
Check Valve (3)
Pressure Regulator (2 in Serves)
Shutoff Valve (2)
Descent nitrogen Tank
Vent Valve
Cap
Pressure Regulator
Pressure Refief Valve
N2 Shutoff Valve
02 Shutoff Valve
Select Valve
H20 Separate
Check Valve
Suit CKT Regen. Heat Exchanger
Suit CKT Assy
Suit CKT Relief Valve
Suit CKT Fan
Fan Check Valve
Pressure Control
Pressure Sensor
Selector Valve
LIOH Cannister
SgO Evaporator
Suit CKT Heat Exchanger
Primary HjjO Boiler
Glycol Accumulator
Glycol Filter
Glycol Pump
Check Valve
Bypass Relief Valve
Cabin Heat Exchanger

.81
1.46
296/c
3.66
80
.67

1.146
2.143
.0*4

3-66
80

i.k6
3.30
2.*43
2.*43
.09

1.01
.67

2.0
2.95
2.5*4
15-50

.*4*4

22.17
2.0
.09
.1*4

2.0
2.0
2.0
1-34
0.0
16.1
.67

1.12
2.0

.180

.180
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle
1 cycle

.180

.180

.180

.180

.180

.180

.180

1078.82
1078.82
1078.82 .
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
132.0
132.0
132.0
132.0
132.0
132.0
132.0
132.0
132.0
132.0
132.0
132.0
132.0

132.0
132.0
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82
1078.82

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

-

9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82
9*46.82

946.82
9*46.82



Table U.5-2 (Cont)

Ident
No.

16
17
18
19
20
21
22
23
2lt
25
26
27
28
29
30

Name (& Quantity if
More Than One)

Audio - S-Band
Audio - I C S
Audio - V 0 X
Audio - Master Control
Audio - Audio Control
Audio - Relay Select
Lighting Controls
Lighting - Anun/Num Control
Lighting - Anun Override Switch
Lighting - Num Override Switch
Lighting - Integral Control
Lighting - Integral Override Switch
Heaters
Bio Med
Instrumentation

Calculations included with Instrumentation.

Fail Eate
f/106 hr

.0.91
0.91
0.91
0.51
0.30
0.30

28.00
0.20
0.30
0.30
0.20
0.30

12.60
8.80

21.10

Equipment Usage -Time, hr
Operate

Boost Won- Boost
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
1077.801
812.182

Hon- Operate
Boost

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

.180

Won- Boost
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
1.019
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Table U.5-3

SUBSYSTEMS. SUMMARY, .VEHICLE & EXPERIMENT RELIABILITY

Subsystem

Nav/Guidance
Descent . Propul .
Ascent Propul.
RCS
EPS
ECS
Communications
Instrumentation
Controls & Dis-
plays

Structure
Explosives
Crew Provisions

System

LEM ( • See Note 1 )

Crew
Safety

-.999651

•999899

.997807
•999993
.99999̂

.999999
•99995̂

.987

Apportion

.990700 :

•999075
•999961 .
.99980U
.998600
.999̂ 4-6
•999910

.999500

.999950

.999980 •
•999990

.987 "' -

• Estimate

.988205

.99876̂

.998300

.919600

.963896

.99̂ 760
- .997680

.•999378*

.999978

. 99992*4-
: Not Avail.

.866: -.:.

AES
Ph II Lab

-• DRM

.820252 (Note 2)
Wot Reqd
Not Reqd

" •• 83̂ 995',
.899̂ 00
.961200
.903962

•99̂ 193** •

' .999795** '
'.999291*̂
Not Avail.

.5316%

*Does Not Include Sensors. . ' ";
**Utilizes LEM Estimate -With Exponential Degradation . .
For Extended Duration

Notes: 1. Values Obtained From-LPR-550-9} QUARTERLY RELIABILITY.
STATUS REPORT, 1 Aug 1965 ' - • • ' " '

2. Does Not Include Attitude Hold. '' : .' ' .
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Table 4.5-4

POTENTIAL.WEAR-OUT ITEMS

Equip
Comra.

Pwr Divider X
Pwr Divider X

Crew Provisions
Waste Mgmt Equip *
EL Lamps *
Floodlight Interior x

Displays & Controls
Attitude Ind X
Digital Event Timer X
RCS Quant. Gage x

D'Arsonval Meter *
Flag Ind. *
Helium Temp & Pres Ind. X

Environmental Control
Cabin Fan . X
Cartridge (LiOH) X
PLSS Refill X
Suit Circuit Assy *
Cabin ARS *
Coolant Pump . *
Cabin Temp Cont Valve *
Suit Temp Cont Valve *
Coolant Ac cum. * .
Water Control Module *

Electrical Power
Inverter, Gen. Purpose X
Relay Box-ECS *
Relay Box EED *

Instrumentation
SCEA requires investigation- *
Design presently in development
Sensors: additional info req*

Reaction Controls
Qx Sensing Unit A X
Fuel Sensing Unit B X
Control Unit Assy X
Ox Inlet Filter X
Fuel Inlet Filter X
He, Quad Check Valve X
He, Coupling Disconnect X

Dwg Ref No.

LSC 380-00l43
LSC 380*60151

LSC 3UO-201
LSC 340-20i
LSC 340-403-1 thru 5 & 71

LSC 350-301
LSC 350-307
LSC 350-401
LSC 350-801
LSC 350-804
LSC 350-201

LSC 330-102
LSC 330-122
LSC 330-125
LSC 330-190
LSC 330-191
LSC 330-201
LSC 330-203
LSC 330-208
LSC 330-210
LSC 330-490

LSC 390-6
LSC 390-21051
LSC 390-2 1052

LSC 310-5-11
LSC 310-5-12
LSC 310-5-21
csc 310-125-3
LSC 310-125-4
LSC 310-306-! thru 4
LSC 310-308

Spec Life
hr

2000
2000

2000
2000
1000

1200
1200
Unknown
2000
1200

1250
20
5

2500
2500
Unknown
2500
2500
2500
2500

1000
Unknown
Unknown

144
144
144

720

days

Unknown

30
30

Cycles

5000
3000
500

100
100
100

8000
400



(IV)^-139

Table 1*..5-1* (Con ' t )

Equip

He, Coupling, Test Port X
Ox, Coupling Fill X
Fuel, Coupling Fill X
Ox Coupling, Bleed X
Fuel Coupling, Bleed X
Ox Coupling, Disconnect X
Fuel Coupling Disconnect X
Ox Tank Vent Disconnect X
Fuel Tank Vent Disconnect X
Ox Isolation Valve X
Fuel, Main S/0 Valve X
Fuel, Cross feed Valve X
Ascent Inlet Feed Valve X
Ox, Main S/0 Valve ' X
Ox Isolation Valve X
Ox Cross feed Valve X
Ox Ascent Intconnect . . X
Fuel Isolation Valve ' X
Tank, Oxidizer X
Tank Fuel X
Ox, Filter, Asc. I
Intconnect X
Fuel, Filter Asc.
Intconnect X

Stabilization & Control
Gimbal Drive Act . x

Structures
Panel Assy X
Panel Assy X
Panel Assy X

Dvg Ref No.

isc 310-308
.ISC 310-1*01-101
ISC 310-1*01-202
LSC 310-1*01-1*02
LSC 310-1*01-1*02
LSC 310-1*01-501
LSC 310-1*01-602
LSC 310-1*01-701
LSC 310-1*10-802
LSC 310-403-101
LSC 310-1*03-202
LSC 310-1*03-202
LSC 310-1*03-202
LSC 310-1*03-301
LSC 310-1*03-301
LSC 310-1*03-301
LSC 3lO-l*03-301
LSC 310-1*03-1*02
LSC 310-1*05-1
LSC 310-1*05-2

LSC 310-1*06-1

LSC 310-1*06-2
.

LSC 300-170-1

LOW 280P101-2l*-3
LDW 280P101 21*- 1*
LDW 280-1011*1-3

Spec Life
hr

1500
1500

1000

600
600
600

days

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

30

30

Cycles

1*00
1*00
1*00
1*00
1*00
1*00
1*00
1*00
1*00
165
165
165
165
165
165
165
165
165
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Rate Stab & 50% Attitude Hold

A. Stability & Control

Cryogenic (c) O2 Supply System

C. Electrical Power

V
S-Band E. Communications

V
VHF



System A

Same as O,
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k.6 MASS PROPERTIES

U.6.1 Ground Rules

The major ground rules affecting the mass properties analyses are tabulated in the
configuration summary section of this report. The weight limitations for various
Phase II flights as listed in Table V of the Blue Book are:

FLIGHT NO. ALLOWABLE LAB & EXPERIMENT WEIGHT (LB.)

513 72,900
218 'TED
516 19,900
221 TBD
517 TBD
518 TBD
22U TBD
521 72,900
522 TBD
523 TBD
229 . TBD

The August 11, 1965, coordination meeting generated the following ground rules;

j» There are no restrictions on the eg positions or inertias for the Lab
missions.

k.6.2. Assumptions and Background Data

The basis for all reported mass properties remain's the 1 August LEM weight state-
ment changed by the addition of 77 lb of descent propulsion and 18 Ib of ascent
stage structure to attain the LEM design separation weight.

Specific assumptions affecting the mass properties of the Phase II Lab are:

• Experiment weight is not included in the baseline or recommended
laboratory weights

« AES (GSM) maximum volume cryogenic tanks (1 hydrogen and 1 oxygen) plus
Allis-Chalmers fuel cells utilized in the recommended configuration result
in 675 kw-hrs of available experiment energy; AES (CSM) housekeeping
cryogenic tanks (2 hydrogen and 2 oxygen) plus Pratt & Whitney Aircraft
fuel cells utilized in the baseline configuration result in 65U kw-hrs -of
available experiment energy.

• Water, oxygen, LiOH and PLSS batteries for 16 and kk- EVA's are provided
by the baseline and recommended labs respectively

• Food and CSM LiOH for kk days are carried in the baseline Lab
• Food for hk days is carried in the recommended Lab
• Experiment weight must include the following dependent itftms in «.rirHt.T_r>n

to the experiment itself.
o supports and mounts
o micrometeoroid and thermal shielding
o signal conditioning and sensors
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o electrical wiring
o controls and displays
o GN&C for special requirements
o electrical power, propellant, oxygen and water (and associated hardware)

for requirements in excess-of-above. .'. ' .

4.6.3 Recommended Configuration. -

Tabulations of the recommended configuration mass*properties summary by mission
phase (Table 4.6-1) and mass properties summary .by subsystem (Table 4.6-2-) are
presented herein. These tables'describe the weight).eg and moments of inertia for
each of the mission phases or subsystems listed. Table 4.6-4 presents a mass
property summary, by-module of an orbiting spacecraft including GSM, lab and the
experiments of Flight 5l8 as shown in the, Phase-.A addendum study.

A detailed weight statement for the recommended configuration is presented in
Table 4.6-5- This weight statement is -a li-sting- of -the applicable information
from the IBM cards used in determining the mass properties of the Phase II Lab.
In most cases, the.initial'weight in each subsystem is a one line entry taken
directly from LEM; the subsequent weights indicate additions or deletions from
the basic LEM subsystem. Where only one or two items from the LEM are used,
these are 'listed as separate cards and the subsystem weight is. built, up..

The weight changes to the baseline configuration resulting in.the;recommended
configuration, are detailed in Table 4.6.7. In: addition, a brief description of
these changes is presented.

Although no specific .airlock design:has. been chosen for the recommended Phase II
Lab, the descent stage airlock and docking tunnel has. been used for mass property
analyses. . • • • - .. •'.:•.- . .

4.6.4 Baseline Configuration

The following tables define the baseline configuration:

4.6-1 Mass properties Summary by Mission Phase
4.6-3 Mass properties Summary by Subsystem
4.6-6 Detailed Weight Statement
h.6-Q Changes to the Baseline Configuration

The changes shown in Table 4.6-8 represent an updating to the mid-term report
resulting from corrections and/or omissions.

4.6.5 Alternate Configurations

Weight estimates have been made of the various alternates being offered. The delta
effects of these alternates on the recommended configuration orbiting mass proper-
ties are presented in Table 4.6-9- A detailed tabulation of the various alternates
appears in Table 4.6-10. This table shows the details of items removed and added
and their weight impact, as a delta, on the orbiting configuration weight.
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Table,4.6-1

PHASE II LAB MASS PROPERTIES - SUMMARY BY MISSION PHASE

Mass Property

Weight, -lb

eg, in.

from

Ref, Datura

Moments

of Inertia (eg)

slug-ft2

X

y
z

I

w
z-z

Dry
Base*

6,325

232

1

—7

4,332

4,920

Rec*

6,223

223

0

-4

4,248

5,857
5,287

.' Burn Out
:Base

7,033

230

1

-7

4,459
5,252
4,865

Rec

6,728

224

-2

-4

4,436

6,045
5,365

Earth Launch
Base

10,055

236

1

-16

6,182
7,397
6,302

Rec

9,607

220

-6

.' -5

5,916
8,259
8,647

*Base: Baseline
Rec : Recommended

Notes: • eg Given in inches from reference datum
• x-cg In LEM Stations (Ascent/Descent separation plane

is LEM Sta. 200.0)
• y & Z eg Measured from vertical center line
• Moments of Inertia in slug-ft2 about vehicle eg.
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Table 4.6-2

PHASE II RECOMMENDED LABORATORY
MASS PROPERTIES SUMMARY BY SUBSYSTEM

(IV)4-149

Code

1.0

2.0

3-0

4.0

5-0

7.0

8.0

10.0

11.0

12.0

4.0

5-0

8.0

10.0

k.o
5.0
8.0

10.0

Subsystem

Structure- Asc
rDesc

Stab & Cont

Hav & Guid

Crew Provisions

Environ Cont

Instrumentation

Elect Power

Reaction Control

Communications

Cout & Displ

TOTAL DRY WT

TRAPPED & RESIDUAL

Crew Provisions

Environ Cont

Elect Power

Reaction Control

TOTAL WT AT BURN-OUT

ORBITING EXPENDABLES

Crew Provisions

Environ Cont

Elect Power

Reaction Control

TOT WT AT EARTH LCH
& ORBITAL INSERT 'N

Wt, Ib

1̂ 97
1123

96

32

111

463
291

1857

7̂5
105

173

6223' '

315
38

70
82

6728

3̂ 5
30

1412
1092

9607

eg, in.
from Ref . Datum

X

250

163

275

297

245
226

250

212

264

265

266

223

. 243

253
140

259

224

243

182

157
274

220

y

-i
-i

15
0

2

12

-13

.-2

0

29

1

0

-2k

11

-44

0

-2

38

• ko
-kk

0

-6

z

10
-1

-26

58

1*7

-7
-52

-15

-15
-35

53

-k

0

-11

0

-19

-k

0

-59
0

-19

-5

Moments of Inertia,
slug-ft2

Ixx(roll)

601
.1211

69

6

17
276

43
1017

344

51

55

4248

59
5

17

37

4436 •

1
1

387
381

5916

Iyy(pitch)

909
768
76
1

11

365
42

1334

177

51
38

5857

1

10

0 '

9

6045

1
2

51
119

' 8259

Izz(yaw)

660
771
11

1

22

353

13
1557

199
52

26

5287

59

13
17
30

5365

1

3

389
286

8647

iE.NTI.AL
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x Tabled.6-3
PHASE II BASELINE iAB MASS PROPERTIES SUMMARY BY SUBSYSTEM

Code

1.0

2.0

3.0

k.o
5.0

7.0

8.0

9.0
10.0

11.0

12.0

k.o
5.0
8.0
10.0

k.o
8.0
10.0

Subsystem

Structure-Asc
-Desc

Stati & Cont

Nav & Quid

Crew Provisions

Environ Cont

Ins t rument at ion

Elect Power

Pr opuls ion

Reaction Control

Communications

Cont & Displ

TOTAL DRY WT

TRAPPED & RESIDUAL

Crew Provisions

Environ Cont

Elect Power

Reaction Control

TOT WT AT BURN-OUT

ORBITING EXPENDABLES

Crew Provisions

Elect Power

Reaction Control

TOT WT AT EARTH LCH
& ORBITAL INSERTION

Wt, Ib

1,363
1,079

92
32
119
k2k

283

2,139
k5
k75
119

155

6,325

92
1*56

78
82

7,033

3̂ 5
. 1,585

1,092

10,055

eg, in.*
X

258
l6k

275
297
235
252
2̂ 9

227

180
279

263
267
232

190
199
222

283

230

260

222

292

236

y

-1
0

15
0

3
8

-13
i
0

0

29

1

1

0

1
0

0

1

0

0

0

1

z

11
-1

-26

58

31
-2

-52
-2k

0

-2

-28

53

-7

0

-1

-70
0

-7

0

-70
-1

-16

Moments of Inertia,
slug-ft2

1̂ 1 roll)

620
1,177

67
0

2k

199
kz

1, 128
6

333
62

55

,̂332

0

7
9
38

k,k59

1
181*

355

6,182

I (pitch)
yy

699
759
7̂
l
18
ill
in
632
9

179
62 •
38

k, 920

0

6k
1

10

5,252

1
18
62

7,397

lzz(yaw)

k32
735
11
1

19
201

12

1,0̂ 7
Ik
2k5

5k
25

k,56l

0

66
10

3̂

M65

1
196

359

6,302

* From Ref. Datum.



Table 4.6-4

MASS PROPERTIES SUMMARY OF FLIGHT 518
SPACECRAFT IN ORBITING CONFIGURATION

Module

Command Module

Service Module

Retro Propellant

Total GSM & Prop

Recommended Phase II Lab

Flight 518 Experiments

Total Lab & Experiments

Total Spacecraft,
Orbiting Configuration

Wt. Ib.

10,300

13,400

1,^00

25,100

9,607

5,476

15,083

1+0,183

eg, in.
From Ref . Datum

X

374

508

577

1+57

220

192

210

364

y

0

-3

12

-1

-6

21

1+

1

z

6

2

2

4

-5

30

8

5

Moments of Inertia,

slug- ft2

I (roll)xxx '

4,800

9,300

700

1^,892

5,916

6,661

ll+,Ol+8

29,019

I (pitch)yy

4,100

14, 800

100

1+6,219

8,259

5,78o

15,552

185,895

izz(yaw)

3,800

ll+, 700

TOO

1+6,1+31

8,6^7

6,169
15,955

186, 521+

COMF1 /uunmcw.



_AES .P.ECOMM£MD.ED_EHASE. 2

CODE "TITLE WEIGHT
. . . _. „ POUNDS

1.00Q1AST STRUCT .132.6
1.313 ENGINE COV- 13
1.3 82.1 FUEL TK ST- 3
1.3822FUF.L TK ST- 2
1.38230X TNK SPT- 1
1 .33240X TNK SPT- 2
1_a38?5_FUFL. TK 8P- 14
1.3312H20 TK SPT- 4
1 .0010CMT WT IMC 18
1.32 .3" PF'.OP SHi'EL-"" 11
1 .4 AFT EQ BAY- - 192
1 .42.6 ATTACHMNTS 2.6

JL.44 COLD PLATE .50
1 .4831 HE TANK ST -?.
1 .4832HE TANK ST -2
1 .43^ P.CS SUPTS 4
1 .439 P.CS SUPTS 5
1 .4104EQ BAY SHI. 15
1 .5 INC MM SHI. 60
1 .37 PLSS BATSP 5
1.37 FOOD SUPTS 5
1.38''. PCS TNK MT 30
1 J35 HE TNK MTS 3
1.39 A If- LOCK 37
1.39 AL HATCH 2.5
1.39 AL HATCH 25
1,39__ DOCKING ST . . _ _ 3 9 _
1 .4 H2.0 TK SPT 2
1 .410 F/C SUPTS 10
1 .411 ECA MOUNT 3

1.0 ASCT STRUCT 1497

1 JK)n2DST STRUCT 1499
1.16 n'S HT SHLD- " 262
1.16 LVfP DK INS .30
1.11110XID TK ST- 34
1,111 1BATT SUPT - 50
1.1 211 FUEL TK ST- 29
1.12 SH2 TK SPT 12
1.1 411 FUEL TK ST- 2.9
1 .14 SO? TK SPT 31
1 .151 10XID TK ST- 34
1.151 1H20 TK SPT- 13
1.15HHE TK SUPT- 18
1.17 IMC MM SHI. 20

1 .0 DSCT STRUCT 112.3

2.0001S+C WO DEC 87
2.2 MODFY ATCA _3
2.3 MODIFY RGA 1
2.621 MODIFY AEA 5

2.0 STAB + COMT 96

lAB.DR.YJfH...

C.G.
X Y Z

245 0 "2
22.8- 45- 27
239- 5-V 2.7
238 45 -27
22.8 "34- 27"
2.2.2 50 47
302 o o
259- 1 9

"2:52 o"~ "o"
254' 0- 56

"?54"~"0-~55
2.54 0- 63_
245 25 -49
245 -25 -49
238 53- 53
?-3?b_53-_51
2.70 o o
2.40 0 0
24'. -38 0
243 38 0
265 0 - 3 7
2.43 o -_%]
1 90 o o
2.37 0 0
130 0 0
141 0 0
2.65 0 -55
260 n -53
2.60 0 - 5 3

250 -1 10

1 56 2 o
1 2.4 0~ "0
1 2.4 0 0
141 0 54
1 64 5Z_l6.
141- 5~4 0
141 54 0
141 54 0
141 -54 0
141 0- 54
169- 36- 36
149 50- 37
160 0 0

163 -1 -1

273 16 -31
26'. 18-63
302 9 54
307 0 63

2.75 15-26

3.12 AOT TELES
3.17 MAV BASE

JL.O__NA.y_. + GUID_... .

4.19 ST REPP. KT
4^11 RESTRAINTS
4.32 RESTRAINTS
4.42 INT LIGHTG
4.61 WAST MAMAG
4.62. WAST MAMAG
4.7 EXT LIGHTG
4.71 FLOOD LITF
4.81 1 WORK LIGHT
4.81 WORK TOP
4.32 WOP.K TOP
4.33 SEAT
4.85 MISC

4.0 CREW PROVS

JL.0001 AST ECS
5 .7 GLYCOL "'-""
5.8 EXPF.NDABLS-
5.0002DST ECS
3JL EXPENDABLS-
5.311 GOX TK ASC

_5_JL312 GOX TK ASC
5.313 GOX ACCUM
5.401 FC H20 TNK
5.401 MOD H20 TK
5.4J AS H20 TNK-
5.4 DST H20 TK-
5T '?.1 MFY GYPUMP
5.222 P.ED GLY-4/B-
^,6^ r.p pr.M
5.66 CP RECORD
"5,9 MOD 2 GAS
$.91 RADIATOR
5,91 P.ADI A TOP.
5.91 RADIATOR
5.91 RADIATOR
5.91 ASA BYPASS
q/92 RFC 1 PC DUC
5.10 AL SUIT LP

5.0 EHV CONTROL

7.0001 INSTRUMNTH
7.12 PCMTEA
7J3 VOICE RCDP.
7J5 TAPE RECDR
7J5 TAPE RECDR
7.15 MOD RECRDS
7.16 SLCTR SWT

7.0 INSTRUMNTH

2.6
6

_32.

10
18
17

3
7
8

2
8
8

15

111

3_'h7
37
61

302
213
- 3
-33
15

1
1 1
2.4

3
2
2

"15
30
30
30
30

1
4
5

463

2.02
39

3

295 0 59
307 0 55

. 2.97. .Q 58

238 37 49
255 ?-2 L^
255^ 22 ~4o
2.52 0 46
215 40 46
215- 40 46
200 0 90
2.80 0 60
260 0 45
252 .22 "45
252 -2.2 45
2.45 -2.2 45
2.50 0 45

245 2 ~iq

2.69 12. 0
255 "iCV 10
293 2- 3
156- 19- 46
1KB- 30- 47
266 -14 -53
2.66 14 -51

"245"" 0" -55
265 0 -55
2.65 0 - 5 5
302 0 0
145_ iL9_ it9

2.80 25- 27
249- 18- 64
2.50- 20- 60
245 0 0
165 -70 -40
165 -44 -_6_5_
165 70 40
165 44 65
260 0 0
2.80 0 0
2.10 0 0

2.2.6 12 -7

249- 11- 48
249- 18- 64
285 0 -35

18 250- 20- 60
18 250- 2.0- 60

6

2.91

250 -20 -60
2.50- 20- 60

250 -13 -52

8.0001AST EPS
8.0002DST EPS
8.11 AS BATTS -
8.12 BATT COMTR-

767
656
2.61

20

255 1- 28
162 58 33
2.53 0- 66
276 0- 66

co cojco cojco coico coico co'co co co coico co;co co;co co|co co

8.

10
fol

_K1

JJI
10
10
io
10
10

JJ1

10

TT
11
11

JJ_
11

11

12
12
12
12
12
12
1?
12
12
12
12

•12
12
12
12



DS BATTS - 556 159 63 ' 36
! BAIT £011IE-_ 3,8 171 44 36
)1 PEAK BATT 6 5 230 0 -40
)?. RAD LA TOP. 3A ...165 83 .0.
i?. RADIATOR 30 165 -83 0
)?. RAP /ATOP. 30 165 0 8?'
!?. RADIATOR
L4__S_H_2 TANK
>4 TK ACCF.SSS
)5 S02 TANK
)5 TK ACCESSS
)6 AC F/C
)6 AC F/C
)7 CPYO PLUMB
)8 F/C ECA
)8 F/C ECA^ ....
! F/C COOL
• FC GLY PHP
I CABLES

EXPT SWBD
PLSS BATCH

! CRYO HT EX
] FC H20 BLR

ELECT POV/ER

0 1 PCS
PROPELLAMT-

i2_HELLUM____--
.1 FUEL TANK
.1 FUEL TANK
.2 OX ID TANK
.?. OX IP TANK
.3 PLUMBING
1 HE TANK
1 HE TANK
3 HE PLUMBNG

) REACTN CONT

)01AST COMM
JO-2DST COMM
>5 SB F.RT AMT-

INTRCOM H L ^ _
i TV •*- ACCES-

) COMMUMICTMS

01 D ISP + CON
.17S+C COMTS -
.18S+C CONTS _ -
.19S+C CONTS -
.1 1S+C FD1A -
.11S+C COMTS -
11S+C COMTS -
11S+C GASTA -
i s+c COMTS -
21MDIFY DEDA
31 S+C ACA
32S+C ATCA -

M+G COHTS -
EPS COMTS

1 PROP CONTS-

30 165 0 -83
200 165 55. 0

k 165 55 0
..3.95. ..!56 -55._ _Q

k 156 -55 0
16'i 260 -17 -53
16^ 260 17 -53

12 260 0 -50
14 260 10 -53
14 260 -10 -53
10 260 0 -40
10 260 0 -40
14 260 6 -40
20 250 0- 60
', 260 0 0
3 270 0 -40

"3" '260 0 -iM

1^57 212 -2 -15

J86 2.65 - 0- 2
81 264 0 0

2 263- 2 0
in 2.68" "8" -37

0 268 -8 -37
11 268 -30 -37
11 268 30 -37
73 268 0 -37
1 1 247 IP. ^17
11 247 -3n -37
36 247 0 -37

475 264 0 -15

100 267 37- 35
16 138- 44 44
12 138- 34 49
in 270 o o
9 240 40 35

105 265 29 -35

213 2.67- 1 58
1 279- 2 71
1 279- 9 72
1 279 13 70
8 273- 10 72
2 279- 9 72
5 294- 4 71
7 273 n 72
1 270 0 72
2 256- 43- 47
3 250- in 58
4 250- 34 58

22 256- 3 65
4 262 1 56

10 276- 4 68

12.11 COMM CONTS 1
J_L30.-MS.a_CONT.S 1.8.

_L2..0._D!S.PS-i-CONTS 173

PH2 PEC LAB DRY 6?. 23

****** ****** **v

AF.S RECOMMENDED PHASE /

CODE TITLE V.'F.IGHT
POUNDS

"TH2~REC~LAB DRY 6223"

4.444 CLOTHES 66 57
4.445 PLSS BATTS. 60
4^Wi PLSS- LI OH 198

4.0 T+P. PP';OVS 315

5.4446GLYCOL 37
_5JA4__I±R_N2 .]..

5.n T+P. ECS 38

8.444 T+P. SH2 7
8.44q T+P S02 63

R.n T+P FPS 70

10.444TRPD PROP 39
in.M^HELIUM 2
10.44ijTP.PD PROP 39
10.445HELIUM 2

10.0 T+P. RCS 82

PH2 REC LAB B/0 6728

****** ****** **vi

AF.S RECOMMENDED PHASE 2

CODE TITLE V.'F.IGHT
POUNDS

PH2 REC LAB B/0 6728

4.M/j FOOD 345

4.0 EXPEND PROVS 345



DENTIAL

Table 4.6-5

DETAILED WEIGHT STATEMENT
RECOMMENDED PHASE 2 LAB

257 23 53
2.66_ 0__.53-

266 53..

0 -l\

** *******

LAB BUP.NOUT

_C.G.
X Y Z

223

?.*>.'. 38 0
2^3 -38 0
2/>3. -3.8 0..

,2Ji3.._-2Jl 1L

255 i"o- "10
17.7 _. !.>3._r_59-

IliO 55 0
ULO.--55 0,

26'v 6 o
263-__2 0
255 0 -37
?A7 0 -37

259 0 - 1 9

********

LAB OP.BITMG

X Y Z

3i8_ 0

38 0

S.MiV'Ti?. EXPEND
-5-J*.MuG.O.x_ EXPEND

5..0__EXPE.ND ECS .

28 177 ^3 -5i)
2 2^5 . 0. -55

30 182 Uo -5.3.

8.'M EXPEND SH2 1^ 165 55 0
8.V>5_EXPF.MD_ SO?. 1268 156 .-55 .. Q

8.0 EXP.E_NP.EPS .157 -' . 0

155 28o- Tcv 15
15Jl 280 hd 15
113 28n 2.5 ' -J5
119 280- i-5- 15
118 "268 "8"-37
119 268 -8 -37

T5'f~?."6fr~3rr^f7
155 2.68 -30 -3710_.i^6oxjPJ.ZF:R_

AO.JP.JEXPJF.ND RCS

P2~REC LAB OR"BTf 9"60"7 220~~& ^5~

1092 27k 0 - 1 9



Table 4. 6-4a Phase 2 Bas

AES BASELINE PHASE 2 LAB DRY WEIGHT

CODE TITLE WEIGHT CjG.1

POUNDS X Y 7.

.0001AST STRUCT 1326

.313 ENGINE COV- 13

.3'5 CANISTER 1?

.3821 FUEL TK ST- 3

.3822FUEL TK ST- 2

.38230X TNK SPT- 1

.382.40X TNK SPT- 2

.3825FUEL TK BR- 14

.3B12H20 TK SPT- 4

.0010CNT WT INC 18

.323 PROP SHI EL- 11

.4 AFT EQ BAY- 192

.426 ATTACHMNTS 2.6

.44 COLD PLATE 50

.489 RCS SUPTS 4

.489 RCS SUPTS 5

.4101FC SUPTS 25

.410202 TK SUPT 15

.4103H2 TK SUPT 8

.4104EQ BAY SHL 15

.4 H20 TK SPT 2

.5 INC MM SHL 60

.384 RCS TNK MT 30

.385 HE TNK MTS 8

.0 STRUCTURE AS 1363

.0002DST STRUCT 1499

.16 BS HT SHLD- 262

.16 LWR OK INS 30

.11110X10 TK ST- 34

.121 1FUEL TK ST- 29

.1411FUEI. TK ST- 29

.15110X10 TK ST- 34

.151 1H20 TK SPT- 13

.1511GOX TK SPT- 1

.151 IMF. TK SUPT- 18

.17 INC MM SHL 20

.1111BATT SUPT - 50

1 .0 STRUCTURE DS 107.9

2.0001S+C WO DEC 87
2.621 MODIFY AEA 5

259- 1 9
245 0 2
215 0 2
22.8- 45- 27
239- 59- 27
238 45- 27
228 34- 27
222 50 47
302 o o
259- 1 9
25?. 0 0
254 0 -56
254 o- 55
254 o- 63
238 53- 53
238- 53- 53
205 0- 50
230 0- 70 "
230 0- 70
270 0 0
250 0 0
2.40 0 0
303 0 0
303 o o

258 - 1 11

156 2 0
1 24 0 0
1 2.4 0 0
141 0 54
141- 54 o
141 54 0
141 0- 54
169- 36- 36
187 33- 50
149 50- 37
160 0 0
164 57 36

164 0 - 1

273 16-31
307 0 63

2.0 STAB CONTROL

3.12 AOT TELES
3J7 NAV BASE

3.0 NAV GUIDANCE

4.19 ST REPR KT
4.31 RESTRAINTS
4.32 RESTRAINTS
4.42" INT LIGHTG"
4.51 H20 PROBE
4.61 WAST MANAG
4.62 WAST MANAG
4.7 EXT LIGHTG
4.8 FURNISHNGS

4.0 CREW PROVS

5. 0001 AST ECS
5.7 GLYCOl.
5.8 EXPFNDABLS-
5.0002DST ECS
5.8 EXPENDABLS-
5.41 AS H20 TNK-
5.4 DST H20 TK-
5.3 DST GOX TK-
5.401 FC H20 TNK~
5.402 FC H20 TNK
5.3 GOX ACCUM
5.21 MFY GYPUMP
5.222 RED Gl.Y-tWB-
5.65 CP PCM
5.66 CP RECORD
5.91 ECS RADIAT
5.92 ECS RADIAT
5.91 ASA BYPASS
5.92 RFC IRC DUC

5.0 ENV CONTROL

7.0001 INSTRUMNTN
7.12 PCMTEA
7J5 TAPE RF.CDR
7J5 TAPE RECDR
7.16 SLCTR SWT

7.0 INSTRUMENTN .

9?. 275 <5 -26

26 295 0 59
6 307 0 55

3?. 297 0 58

10 238 37 49
18 255 22 40
17 255- 22 40
3 252 0 "45
1 238 37 49
7 215 40 46
8 2.15- 40 46
5 200 0 90

50 230 o 10

119 235 3 31

347 269 12 0
37 255 10- 10

"61 293 2- T
302 156- 19- 46
213 148- 30- 47

11 302 0 0
24 145- 49- 49
46 184 40- 40
15 260 20 0
15 260- 20 0
10 260 0- 30

1 247 16-13
3 280 2.5- 2.7
2 249- 18- 64
2 250- "20-60"

60 23.5 65 0
60 235- 65 0

1 260 0 0
4 280 0 0

424 25?. 8 - 2 .

202 2.49- 11-48
39 249- 18- 64
18 2.50- 2.0- 60
18 250- 20- 60
6 250- 20- 60

2.83 2.49 -13 -52

8. 0001 AST EPS
8.0002DST EPS
8.11 AS BATTS
8.12 BATT CONTR
8.11 DS BATTS
8.12 BATT CONTR
8.001 PEAK BATT
8.002 FC RADIATR
8.003 FC RADIATR
8.004 SH2 TANK
8.004 SH2 TANK.
8.005 S02 TANK
8.005 S02 TANK
8.006 P-tW FC
8.006 P-tVI FC
8.007 CRYO PLUMB
8.48 CABLES
8.5 EXPT SWBD

8.0 ELECT POWER

9.0001AST SCARV/T
9.602 DST Sf.ARWT

9.0 PROPULSION

10.001RCS
10.1 PROPELLANT-
10.32 HELIUM
10.21 FUEL TANK
10.2.2 OX ID TANK
10.23 PLUMBING
10.31 HE TANK
10.33 HE PLUMB

10.0 REACT CONT

11. 001 AST COMM
11 .002DST COMM
11.25 SB ERT ANT-
11.' SIG PR MOD
11 .'' INTRCOM HL

1 1 .0 COMMUN 1 CTNS

12. 0010 ISP + CON
12.2J7S+C CONTS -
12.2.18S+C CONTS -
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767
656
261

20

'— 5f|-

85
50
50

195
210
210
266
266
10
"14
20

2139

1 5
30

45

186
"81

2
1 9
22
73
22
36

475

100
16
12
5

10

119

211
1
1

255
162
253
276

~T7T
210
165
165-
230
210-
220
220-
222
222-
210
164

" 2'50~

227

27.0
"160

180

265
264'
2.61-
101
ioi
301
303
303"

279

767""
118-
118-
267
270

263" "

267-
279-
279-

j_
S8
0-
0-

63

0-
85
81)
40
40
27-
27-
55-

"6-
0
0-

i -

0

28
11
66
66

.3.6 _

40
0
0
0
0

55
i8
i8
60

0
"60

24

0
0 ~~0

0

0-
0
2
0
0
0-
0
0

0 -

37-"
44
14
"o
0

29 -

1
2
9

0

2
-o '

0
0
0
5
0_ ..p

2

35
44
49

0
0

2~8

"18

71
72

12.219S+C CONTS - 1
12.211S+C FD1A - 8
12.211S+C CONTS - 2
12.211S+C CONTS - 5
12.211S+C GASTA - 7
12,71 S+C CONTS - 1
T2.721MDIFY DEDA ~' 2
12.'231S+C ACA - 3
12.232S+C ATCA - If
12.3 N+G CONTS - 22
12.8 EPS CONTS 4
12.9 PROP CONTS- 10
12.11 COMM CONTS 1

12.0 DISPS CONTS 155

PH7. LAB DRY WT 6325

279
273-
279-
294-
273
270
"2<6-~
250-
250-
256—
262
276-

"257"

266

232

13 70
10 72

9 . 72
4 ' 71
0 • 72
0 . 72

Tf3-; 47
10 18
34 58
"3 ' 65
1 56
4 68

?T3 53
;

' i 53i
i

1 '- 7

AES BASELINE PHASE 2 LAB BURN OUT

CODE TITLE WEIGHT
POUNDS

PH7. LAB DRY V/T 6325

4.444 PLSS LI OH 77.
4.445 PLSS BATT 20

4.0 T+R CR PROV 9?

5.M44ECS I.I OH I. 21
q .4446GLYCOI. 17
q.444 ECS LIOH A 196

5.0 T+R EN\/ CONT 456

8. 445 TRPD OX ' ' 35
8. 44"; TRPD OX IS
8.446 TRPD H?. 4
8.446 TRPD H2 4

3.0 T+R F.l.EC POW 78

10.444TRPD PROP 39
10.444TRPD PROP 19
10.445HELIUM 7.
10.'44qHELIUM 7.

C.
X

7.32

190
190

190

26 S
255
190

199

220
220-
7.40
240-

'222

264
101
7.61-
303

G. ;
Y ' Z

(

1 '- 7

0 ; 0
0~!" "0"~~

o : o

0 0
10-10

0 ' 0

1 -1

20- 70
7.0- 70
40- 70
40- 70

0 - 7 0

0 0
0 0
2 0
o n

10.<1 T+R RCS

PH2 LAB AT B/

82

o 703?

AES BASELINE PHASE 2 LAB

CODE TITLE

PH2 l.AB AT B/

4.444 FOOD

4.0 EXPEND PP.OV

8.44S EXP OX
8.445 FXP OX
8.446 EXP H2
8.^446 EXP H2

8.0 EXPEND EPS

1 0 4460X ID I7FP
10;4460XIDIZER
10.4460XIDI7.ER
10.4460X ID I7.EP
10.446FUF.L
10.446FUF.L
10.446FUEL
10.446FUEL

10.0 EXPEND RCS

PH2 LAB ORBIT

WEIGHT
POUNDS

•> 7011

145

345

713
712

80
80 '

1585

1 54
155

1 55
118
119
113
119

1092

10055

283

210

ORB

C
X

230

7.60

260

7.7.0
220-
7. 40
7.40-

27.2

101
101-
280
7.80-
7.80
7.80-
101
301-

292

216

0

1 -

ITING

.G.
Y

1 -

0

0

'

20-
20-
40-
40-
. ..___.

25-
25-
40
40-
£vq

4S-
13
38

0'-

1 -

0

7

7.

7

0

0

•- •-

70
70
70
70

70

q
q

15

1 q
1 q
0
0

1

16

CONFIDI
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Table U.6-9

MASS PROPERTIES SUMMARY OF DELTA CHANGES DUE TO
ALTERNATES TO THE RECOMMENDED CONFIGURATION

Alternates

Front hatch airlock
and center compart-
ment, remove center
airlock

Add voltage regula-
tor, remove peaking
battery

Replace AC fuel cells
with GE fuel cells

Two gas system with-
out airlock

Use control moment
gyros or inertia
wheels

Remove suit circuit
package

Replace center air-
lock with front
airlock

Increase cabin pres-
sure to 7 psi

Modify ASA & AEA for
lower threshold rate

Retain primary Navi-
gation and Guidance,
remove Abort Guid-
ance System

Provide new RGA for
lower rate

Wt,lb

13U

-36

171

123

_

-VT

-5

_

7
12k

0

eg, in.
from Ref . Datum
X

230

230

215

Ik2

_

260

-1̂ 35

_

280

276

0

y

0

0

0

32

_

23

0

_

lU

-7

0

z

lUO

-ko

-39

-6l

_

13

-3565

_

-9
21

0

Moments of Inertia,
slug -ft2

Î roll)

-90

0

79

136

_

-l

1417U

_

6

-9

0

ly^PitCh)

-120

0 '

89

-72

_

-k

17018

-

7

15

0

izz(yaw)

-I*

0

50

116

-

-3

2855

_

1
13

0

NOTE: All inertias are about the alternate delta change eg.



ALTERNATES TO RECOMEHDF.D PH?. LAR

PROMT HATCH AIRLOCK, CENTER COMPART
REMOVE CENTER AIRLOCK

CODE TITLE WEIGHT C.G.
POUNDS X Y Z

1.39 AIRLOCK - 87 190 n o
1.39 AL HATCH - 25 237 0 0
1 .39 AL HATCH - 25 130 0 0
1 .39 DOCKING ST - 39 1M 0 0
1 ,39 AIRLOCK 78 228 0 1 1 ^
1 .',9 HATCH 25 2.P8 0 1M
1,39 RIMG+CLAMP 10 23^ 0 86
1.39 AL BLKHEAD 17 235 0 86
1 .39 MISC. HDWF 8 228 0 11^
1.39 AL RLKHEAD in 208 0 1M
1.39 ADAPTER - in 23<; 0 ?K
1 A9 PRES SHELL 75 172 n 0
1 /t9 FI OOR 10 1'to n o
1.^9 HATCH ETC 9 238 0 0
1 .U9 Fl.FX JOINT 5 225 0 0
1 A9 CONSOLE 25 170 0 20
i U9 SEAT 8 i6n o o
1 .^9 CONT MODS 10 170 0 20
1 ,1|9 WIP ING MOD 10 170 0 20

DFLTA WEIGHT 1'A 230 0 1'sO

****** • ****** ****** ******

ADD VOLT REG, REMOVE PEAK BATTERY

CODE TITLE WEIGHT C.G.
POUNDS X Y Z

8.001 PEAK BATT -65 230 0 -M
8.001 VOLT REG 2^ 230 0 -^0
8.001 WIRMG MOD 5 2?0 0 -'vO

DELTA WEIGHT -3 6 230 0 -M

****** ****** ****** **y.-***

USE GE FUEL CELLS. .REMOVE AC -F/C'JS

CODE TITLE WEIGHT C.G. •
POUNDS X Y Z

L'tlO F/C SUPTS - 10 260 0 -53
I.'MI ECA MOUNT - 3 260 0 -53
8.002 RADIATOR - 30 165 83 0
8.002 RADIATOR - 30 165 -83 0
8.002 RADIATOR - 30 165 0 83
8.002 RADIATOR - 30 16S 0 -83
8.006 AC F/C -!6'v 260 -17 -53
8.006 AC F/C -16'v 260 17 -53
8.on? cnvn PI IIMR - 12 ?6o o _<;o
8.008 F/C F.CA - 1^ 2.60 10 -53

8,nn8 F/r. FCA - 1't 2.60 -10 -5'
8.22 F/C COOL - 10 2.60 0 -Vc
8.22 FC GLY PMP - 10 260 0 -UC
1.MO FCA MT STR 16 25^ 0 -5?
1 .Ml ECA MT STR 7 250 0 -5?
8.002 RADIATOR ^2 1 65 83 f
8, 002 RADIATOR 'f? 165 -83 f
8,002 RADIATOR ^2 165 0 82
8,002 RADIATOR 'rt 16S 0 -8"
8.006 FUEL CELLS ',80 2f,'v 0 -52
8,007 CPYfi PLMRG 16 2.65 0 -l\l
8.008 ECA 56 25Jv 0 -52
8,009 VOl T PIT, 2>r 2.HO 0 -56
3.22. GLYCOL PMP 20 2.60 0 -U
8,2? H?,-> ROI1FP ', 2^R 0 -'ff

PFLTA WFIGHT 171 2.1 S 0 -'/

****** ****** *yrVr*** ****VH

TV/0 GAS SYSTEM W/0 AIRLOCK

ronF -TITLE V /E IGHT C.G.
POUNDS X Y 2

1.39 AIRLOCK - 87 190 0 C
1 ,VT AL HATCH - 25 2',7 0 f
1.', 1 AL HATCH - 25 130 0
i.vi DOCKING ST - 3.9_._i.M o
1 .',15 CANISTER 1'. 215 0
O nox TK N2 W 178 5 0 - 5
5.3 GOX TK 02 '>6 U>9 60 -3$
1/151 TMK SPT N2. 1 178 50 -5f
1.1^1 TNK SPT 02 1 1^9 60 -3J
5.HU NITROGEN 29 178 50 -50
5.'M OXYGEN '^6 1^9 60 -3^
8.M*5 ECS S02 107 156 -S5 C
5.3 PLMRG CHGS 10 180 liO -2f

DELTA WEIGHT 123 1'v2 32 -61

****** ****** ******

CONTROL MOMENT GYROS / INERTIA WHLS

NO WEIGHT ESTIMATE HAS RF.EN MADE

****** ****** ******

REMOVE SUIT CIRCUIT PACKAGE

CODE TITLE WEIGHT C.G.
P.-VIMDS X Y Z

q.1117 PK.G SC -50 2.67 22 1?
5.10 AL SUIT l.P - r> 210 0 f
5.10 CSM SL UMB 8 270 0 f



Table k.6-10

DETAILED WEIGHT STATEMEIW
PHASE II LAB ALTERNATES

D E I T A V / F I G H T -47 260 2? 1 ?,

****** ****** ******

REPLACE CENT AIRLOCK WITH FRONT A/L

CODE TITLE VIE 1 GUT C.G.
POUNDS X Y Z

1 .'-9 AIRLOCK - 87 190 0 C
1 .30 AL HATCH - 25 237 0 0
1 .33 AL HATCH - 25 130 0 0
1.39 DOCKING ST - 3D 141 0 0
1 .39 AIRLOCK 78 228 0 114
1 .39 HATCH 25 2.08 0 141
1.39 RING-t-CLAMP 10 23 5 0 86
U39 _AL BLKHEAD 17. 235 0 86
1.39 MISC HDV'E 8 228 0 114
1,39 Al Rl KHFAD 10 208 0 1M
1.39 ADAPTER 10 2.35 o 74
1 315 CANISTFP 13 2 15 0 2

DFI TA WFIKHT - 5-1435 0-3565

****** ****** ******

INCREASE CABIN PRESSURE TO 7PS 1

NO WEIGHT CHANGE, RESULTS IN REDUC-
TION OF COMBINED LOADING SAFETY
FACTOR FROM 1.5 TO 1.1!

****** ****** ******

MODIFY ASA + AEA FOR LOVER RATE

CODE TITLE V/EIGHT C.G.
POUNDS X Y Z

2.61 MODIFY ASA 3 30? 0 63
2.62 MODIFY AEA h 2.60 2.5 -63

DELTA WEIGHT 7 2.80 1't - 9

****** ****** ******

RETAIN PRIMARY M+G REMOVE ACS

CODE TITLE V.'EIGHT C.G T

POUNDS X Y Z

3.11 IMU PLATFRM 'tf. 307 0 50
3.12 AOT TELSCRE 2.6 2.95 0 59
3.13 LGC CMPUTF.R 58 2.48 0 -24
3.16 LGC-PSA CBL 10 2.61 0-2.6
3.18 PTA TORQUF.P. 12 305 0 30
3.110_CDU COJIVTP. 33 2.65 0 -24

2.6J ABORT SMSEP. -20 307 0 63
2.62. ABORT ELECT -37 2.6(1 2.5 -63

DFLTA V/EIGHT 12.4 2.76 - 7 2.1

****** ****** ******'

PROVIDE MEW P.GA FOR LOWER P.ATE

CODE TITLE V.'EIGHT C.G.
POUNDS X Y Z

2 . 3 U S E M E W R G A 0 0 0 0

DFLTA V.'FIGHT 0 0 0 0

•-



5. SUBSYSTEMS ENGINEERING

5.1 ELECTRICAL POWER SUBSYSTEM (EPS).

5.1.1 Ground Rules ' ' . . ' - '

The Phase II Lab EPS shall be designed in accordance with the following ground rules:

• No interchange of electrical power between the CSM "and the Lab
• Use .existing cryogenic tank designs

5.1.2 • Assumptions and Background Data

5.1.2.1 Assumptions . . . .

5.1.2.1.1 Housekeeping Design Profile. The EPS Electrical Power Profile for the
Lab is shown in Fig. 5-1-1- This profile is composed of all those loads that are
required to maintain the vehicle in an operable -condition. Loads directly associ-
ated with the performance of experiment and experiment type loads have been in-
cluded in the integrated profile- in the following section. Where difficulty was
encountered in clearly associating a load with- the housekeeping or experiment
requirements, the duty cycle of the load was divided between the two categories in
relationship to their supporting functions. .Table 5-1-1 details- the load and duty
cycles assumed for the housekeeping requirements. The housekeeping load analysis
and profile have been generated using the following assumptions:

7.5$ distribution losses for "all loads
20$ growth allowance for the total of all loads
load values based on LEM current status or latest vendor test data when
available .
Housekeeping provides power for rate stabilization only

n. mi synchronous earth orbit with a 1080 hr in-orbit mission time

Except for the launch through transposition phase, there is no similarity between
the LEM and Lab missions; thus, the power, energy and profiles bear no similarity.
Housekeeping power levels, including fuel cell paras it ics and cryogenic heaters
average 930 w and use 1004 kw-hr of energy over the 1080 hr mission. Actual house-
keeping power levels vary from 790 to 1100 w.

For the earth orbit mission, all fuel cells will be started prior to launch and
operated for the remainder of the mission. Table 5.1-2 details the parasitic re-
quirements of the contending fuel-cells. After transposition has been accomplished,
the Lab will be entered and checked out to verify its functional capabilities.
Among the housekeeping requirements are the Environmental Control Subsystem (ECS)
with its glycol pump, cabin fan, radiator controller, and CT>2 sensor (on continu-
ously) and the ECS relay box for switching functions with a 10$ assumed cycle.
The power for the average of two cluster heaters on continuously has been included
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to maintain the shadowed RCS clusters within their miminum temperature range. For
the synchronous orbit the S-band transceiver"and its heater and instrumentation
equipment were assumed to be operating continuously for status and experiment data
transmission. The S-band power amplifier only operates \̂ hen "high bit" rates of
status data are required and is assumed on 50% of the mission time. Voice storage
recorder power requirements accrue from the use of two recorders to their maximum
capacity of 10 hr each. They are used to record proprietary information, coverage
and support of EVAs, and vehicle status when off-station. Flood and dome lights
have been given 50% and 12 1/2$ duty cycles, respectively. The dome lights were
added to this vehicle to provide illuminations required for the midsection area.

To conserve energy, in the standby operation, the Abort Sensor Assembly has been
by-passed by the coolant loop. In this configuration, only 5 w of heater power
(average) is required to maintain it within required temperature limits. Without
this by-pass,'73 w of heater power would be required. The S-band steerable antenna
for full communication operational mode is assumed operating at a 65% duty cycle.
The omni antenna (which does not require power) will be used the rest of the time.
The individual ac load requirements are noted under their own subsystems. The in-
verter supplying these loads has been assumed to operate with a 65% efficiency and
its losses have been included under EPS.

5.1.2.1.2 Integrated Design Profile. The EPS Electrical Integrated Design Profile
for the Phase II Lab is the combination of housekeeping and experimental loading
requirements and is shown in Fig. 5-1-2. At the time of this report, the experi-
mental power requirements have not as yet been finalized. Therefore, to illustrate
a typical mission, a portion of one of the Lab flights was assumed. The profile
shown in Fig. 5.1-2 is a critical combination of power levels (from Phase "A" Flight
518) and total energy within the capabilities of the 1300 Ib reactant storage cap-
ability of the AES tanks. The fuel-cell integrated design power level for the
mission averages 1555 w and uses 1680 kw-hr of energy over the 1080 hr mission.
Table 5-1-3 shows the breakdown in energy between FCA gross output and housekeeping/
experiment loading requirements. Power levels vary from 790 w to 3910 w. A peaking
battery is required to supplement the fuel cell power output (estimated at 3-5 kw)
during the peak power levels. The peak power levels occur during the two 4 5 minute
periods where 2.25 kw of radar mapping loading is assumed. Energy requirements
above the fuel cells' power capability was estimated at 5 kw-hr. Other peaks (with-
in FCA capability) occur due to the assumed combination of housekeeping and experi-
ment, duty cycle type of loads. The 14 hr integrated profile has been assumed as
typical; and repeated 77 times for the mission of 1080 hr and equals the design
energy requirements.

5.1.2.1.3 Vehicle and Related Subsystem Constraints.

• Radiators - 60 sq ft available for EPS fuel cell cooling
• Voltage at Fuel Cell terminals - 28 to 32.5 v
• Environmental Temperature - Cryogenic tanks +130°F max.

Fuel Cells + kO to -KL30°F
a ECS Requirements - Total OQ = 116.8 Ib

0.91 Ib 02 per PLSS recharge
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5.1.2.2 Background Data

5.1.2.2.1 Fuel Cells. In response to Grumman's fuel cell technical information
request, the vendors have submitted the following documents:

Allis-Chalmers - Response to T.I.R. and Supplement (31 August 1965)
General Electric - Preliminary Technical Information (l September 1965)
Pratt & Whitney - Powercel Technical Information PWA-2676 (27 August 1965)

The fuel cells and their respective operating characteristics are described below:

• Allis-Chalmers - The Allis-Chalmers fuel cell is a moderate temperature
(200°F) and pressure (55 psi) fuel.cell that uses 37 - 40$ KOH electrolyte
imbibed in an asbestos matrix.

A basic cell is composed of two electrodes separated by a KOH saturated
asbestos matrix, oxygen and hydrogen distribution plates, a water transport
matrix (also a KOH saturated asbestos matrix) supported by porous plaques,
and a water removal plate. Two such"basic cells joined in parallel elec-
trically form a section and 33 sections comprise the fuel cell stack.

Heat is removed from the cells by conduction through the metal electrode
support plates to the surface of the stack. The ends of the plates extend
beyond the surface of the stack to form cooling fins over which helium is
circulated to remove the heat. The helium is then drawn through a heat
exchanger where a glycol water loop removes heat from the helium which is
then recirculated by means of. a set of fans back through the stack.

A magnesium canister houses the fuel cell stack, the helium-glycol heat
exchanger, and the helium recirculating fans.

Moisture is removed from the stack by creating a pressure differential
across the water transport matrix which is located between the hydrogen
electrode and the water removal plate. This is accomplished by the use of
a temperature, vacuum, concentration controller which senses the operating
conditions and maintains a proper balance. The moisture is then drawn out-
side the main fuel cell canister to the water recovery unit. In this unit
the moisture is condensed by a glycol-water loop and water removed through
a porous plate and drawn through a de-ionizer by means of a diaphragm pump.
The diaphragm pump is discharged by using 40 psi helium or oxygen gas and
the water is sent through a p^ sensor to a storage tank.

A schematic of the AC fuel cell is shown in Fig. 5*1-3. A curve of voltages
and reactant flow vs gross power is shown in Fig. 5«l-4. Heat rejection vs.
gross power is shown in Fig. 5«l-5« A curve of step load change versus
initial power is shown in Fig. 5«l-6. A fuel cell data sheet is shown in
Table 5-1-4.

• General Electric - The General Electric fuel cell is a low temperature
(120°F), low pressure (20 psi) fuel cell that utilizes a solid ion exchange
electrolyte and a static water system.

_ ̂Awn/nan.



The basic cell unit is comprised of the solid electrolyte, two platinum
film electrodes, a dacron water removal wick, and integral cooling tubes
between the cells. Thirty two cell units form a stack (or module) and
three stacks form a fuel cell section.

A titanium container, whose void is filled with a unicellular foam, houses
the three stacks. Accessory equipment, such as purge valves, fluid "control
components, etc., are mounted on the exterior of the container between the
vehicle mounting brackets.

To cool the fuel cell a glycol water mixture is pumped in two parallel loops
that flow in series through the three modules. The dacron wicks that are
adjacent to the coolant tubes condenses and absorb 'by capillary action the
product water that is formed by the hydrogen-oxygen reaction. This product
water is then carried to a main separator plate from which the water is
removed and sent to storage.

Hydrogen fuel is fed to each module from a manifold and each module is
capable of independent operation. The container housing the modules is
filled with oxygen and the cells draw on this environment for the oxidant.

A schematic of the fuel cell is shown .in Fig. 5-1-7• A curve of fuel cell
voltage and reactant flow vs gross power is shown in Fig. 5.1-8.

A curve of heat rejection vs gross power is shown in Fig. 5-1-9- A curve
of step load change capability vs initial gross power is shown in Fig.
5.1-10.

Fuel cell performance information is shown in Table 5.1-̂ .

Pratt & Whitney Aircraft (P&WA) - The P&WA fuel cell is a Bacon type fuel
cell that utilizes dual porosity sintered nickel electrodes and high concen-
tration (75 - 85$>) KOH electrolyte. Operation of the cell is carried out
at 382 to U27°F and 55 psi.

Hydrogen and oxygen are manifolded to each of the 31 cells that comprise
the fuel cell. Excess hydrogen is used to carry product water from the
anode, through a glycol-water cooled condenser, to a hydrogen pump separa-
tor. The centrifugal action of the pump separates the heavier water
particles from the gaseous hydrogen, sending the by-product water to stor-
age and recirculating the hydrogen.

The recirculating hydrogen is actually a dual purpose stream. Besides
serving as a carrier for the water, it also acts as a heat transport medium
that allows the cell to be maintained at the desired operating temperature.

Temperature regulation of the P&WA cell is necessary due to the dependence
of the polarization characteristics on operating temperature. By using a
by-pass valve, regenerator, and in-line heater on the hydrogen stream, and
a regenerator by-pass valve combination on the glycol-water loop, a fairly
wide range of operating temperatures may be obtained.
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A schematic of the fuel cell is shown in Fig. 5.1-11. A curve of fuel cell
voltage and reactant flow vs gross power is shown in Fig. 5.1-12. A curve
of heat rejection vs gross power is shown in Fig. 5.1-13. A curve of step
load change capability vs initial power is shown in Fig. 5.1-1̂ . Additional
fuel cell performance information is shown in Table 5.1-̂ , and a curve of
secondary cooling loop characteristics is shown in Fig. 5.1-15.

5.1.2.2.2 Cryogenic Tanks. The cryogenic tank characteristics used during the
study were supplied by NASA and shown in Table k.l-k, AES Cryo Tank Characteristics.
In addition, tne following was assumed:

• Maximum standby limited to 2Q hr .
• Vapor cooled shield design
• Minimum flow design insulation heat leak (vapor-cooled heat leak)
• 12 Ib per tank for mounted components

Three manufacturers of cryogenic storage tanks were contacted during Phase B for
tank designs applicable to AES missions. The manufacturers contacted and the pro-
grams for whicli they are currently supplying tanks as well as the tank. sizes are
listed below:

02 Tank H2 Tank
Manufacturer Program Storage Capacity, Ib Storage Capacity, Ib

AiBesearch Gemini 10U 22
177

Beech Apollo 320 28
(Block II)

Bendix NAS 9-2978 Phase A 175

Phase B 29

The Bendix Phase A and B tanks for the NAS 9-2978 program were developed in sizes
to duplicate current Apollo and Gemini tanks. Since none of the existing tank de-
signs listed above is capable of supplying the large amounts of usable reactant s for
the Lab missions without venting and multiple tank systems, each manufacturer was
asked to submit design data for specific usable quantities for the Phase II Lab
missions. The usable quantities and pertinent design constraints given to the
vendors were:

Usable 02
Usable H2 136 Ib
Min flow rates

02 0.259 Ib/hr
H2 0.033 Ib/hr

Standby time 30 hr
Delivery time k 5 days
Max environmental temp. 130°F

These requirements were established early in the Phase B study and were used as
being most representative of the mission profiles being considered. The informa-
tion presented by each manufacturer has been normalized to reflect consistent
environmental and design safety factors. Table 5.1-5 is a comparison of the per-
tinent information received for each design. The design approach used by each
manufacturer is discussed below.
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AiResearch - The AES tanks proposed by AiResearch reflect the design concepts
developed for the Gemini cryogenic storage tanks, with one important excep-
tion: the use of a vapor cooled shield within the insulation. The inner
pressure vessel is supported by local composite support pads and the vacuum
space is filled with aluminized mylar super-insulation and the vapor cooled
shield. The tank materials proposed are as follows:

°2 H
2

Inner Shell - Inconel 718 Ti-5 Al-2.5 Sn

Outer Shell Ti-5 Al-2.5 Sn Ti-5 Al-2.5 Sn

Both inner and outer shells are presently planned to be manufactured by the
hydro-forming process. The heater is a cal-rod element brazed to one or more
concentric spherical copper shells which are used to distribute the heat in-
put into the tank so as to minimize temperature stratification in a zero-g
environment. The external tank components are mounted on a girth ring which
is used to mount the tank in the vehicle as well as transmit induced loads.
AiResearch is currently fabricating tanks using a vapor-cooled shield for
the BIOS program. Development and fabrication is 90% complete.

Past GeiAini heat leak test data- have indicated that a high degree of quality
control is required in applying the mylar super-insulation for this design
in order to minimize the "artisan" factor during tank manufacture and thus
achieve consistent heat leak values from tank to tank. It is estimated that
50$ of the heat leak into the tanks is by conduction through the support
pads.

Beech - The AES tanks proposed by Beech reflect the design concepts devel-
oped for the Apollo GSM H2 cryogenic storage tanks for the Block II vehicle.
This design features a discrete vapor cooled shield in the evacuated
annulus. The inner pressure vessel is supported by a network of beams or
straps which distribute the induced loading evenly throughout the system.
Beech has not demonstrated the feasibility of this support system for tanks
in the size range being considered for AES missions and it appears to re-
quire some development work. The tank materials are as follows:

Inner Shell Inconel 718 Inconel 718

Outer Shell Al-6o6l Al-6o6l

The Apollo CSM Block II tanks use titanium for the hydrogen inner pressure
vessels, however, indications of fabrication problems with the Apollo tanks
have led Beech to propose the materials mentioned above. Both inner and
outer tank shells can be forged and machined or formed, depending on the
size, cost and schedule effects. Beech makes use of a cal-rod heater
element brazed to a support tube and two fans and motors to distribute the
incoming heat evenly throughout the stored fluid. The fluid delivery line
which carries the vapor to cool the shield is not brazed to the shield in
the proposed design. This concept simplifies manufacture of the tank; how-
ever, the effect of the vapor cooling may be lessened if heat transfer from
the shield to the fluid is not complete. The discrete shield design pre-
sents a great possibility of eliminating the "artisan" factor from cryogenic
tank manufacture. Beech has indicated that they are investigating a com-
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posite insulation system which utilizes superinsulation and the discrete
vapor cooled shield. Preliminary thermodynamic investigation has shown that
it may be desirable to insert superinsulation between a discrete vapor-
cooled shield and the outer shell in some cases. The Beech tanks may be
mounted in the vehicle in a skirt type mount or with trusses using a flange
that is integral with the outer shell.
Bendix - The AES tanks proposed by Bendix reflect the design of their Phase
B tank for the NAS 9-29T8 program. The purpose of that program was to
determine the feasibility of the discrete shield - radial bumper design for
tanks in the size ranges of the Gemini and Apollo C/SM tanks. The proposed
AES tanks follow the design of the Phase B tank, using discrete shields with
vapor cooling, radial bumpers for pressure vessel support and motor fans
with an electrical heater to mix fluid. The materials proposed by Bendix
are as follows:

°2 . . . H2 '
i

Inner Shell Cryo-formed SS-301 Cryo-formed SS-301

Outer Shell Al-6061 Al-6o6l

The use of cryo-formed SS-301 for the inner pressure vessels is very attrac-
tive from a weight standpoint due to its high strength; however, further
investigation into its use for these critical items are required.

The radial bumper support scheme transmits very small amounts of heat when
loaded, and negligible amounts of heat when unloaded during zero-g operation.
This type of design yields essentially radiative thermal coupling through
the insulation space resulting in a low heat leak design.

The radial bumper concept requires further analysis and testing to verify
the structural integrity of the inner pressure vessel and outer shell
under the induced loadings of the Lab missions. The tank mounting scheme
used by Bendix is adaptable for skirt mounting or truss mounting, utilizing
flanges which are intergral with the tank outer shell. As mentioned before,
discrete shield design should yield a more repeatable heat leak from tank
.to-tank, because of.the elimination of the "artisan", effect in manufacture.
However, quality control on shields and plated surfaces must be very thorough
to insure this repeatability.

5.1.3 Recommended Configuration

5.1.3.1 General

The EPS supplies all the energy required for the Phase II Lab mission. The total
energy available is that which can be generated from 1300 Ib of usable reactant.

The recommended configuration consists of:

Two Allis Chalmers 2000 w nominal 33 sections fuel cells
One AES hydrogen tank containing lUH.2 Ib of usable fluid
One AES oxygen tank containing 1375 lt> of usable fluid
One 5 kw-hr Peaking battery
One LEM water glycol pump and circulation assembly
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60 sq ft of radiator area
One water storage tank .
One gaseous oxygen (GOX) accumulator
Two reactant pre-heaters, one for hydrogen, one for oxygen
Two fuel cell Electrical Control Assemblies (EGA)"and one battery EGA
Two LEM inverters
Plumbing, feed components and electrical wiring

A schematic diagram of the fluid and electrical distribution sections is shown in
Fig. 5.1-16.

5.1.3.2 Performance . . . • ' " .

The EPS performance capability is as follows:

• Voltage Output 28 to 32.5 vdc
• Fuel-Cell Peak Power Available to Vehicle (Net)

- At start of mission UUOO watts
- At end of mission 3570 watts

• Fuel Cell Energy Available from
1300 Ib of reactants, kw-hr

Radar Mapping Nominal
Mission Mission

Total Energy Generated 1680 1708
Total Experiment Energy (at bus) 676 70H
Total Housekeeping plus
FCA Parasitic loads 100̂  100U

Peak Fuel Cell Heat Rejection Rate 10500 Btu/hr % 3570 w
Total Water Generated 1300 Ib
Peak Power Available from Battery • O.U kw
Battery Energy Available from Battery 5 kw-hr
Transient Load Capability (Fig. 5.1-17)

The system performance in terms of voltage and specific reactant consumption as a
function of net power for one and two fuel cells is shown in Fig. 5-1-18.

5-1.3.3 Expendables

The reactant supply for the Lab shall consist of the following:

Stored Residuals Usable
Fluids Quantity (ib) (ib) Fluid (lb)'

Cryo H2 . '151.U 7-2 lhk.2

Cryo 02 . 1326.0 63.1 1268.2

Gaseous 0 2.1* 0.2 2.2

The total quantity of usable oxygen contains 116.8 Ib of oxygen for ECS use. Of
this 2.2 Ib is initially stored in the gaseous oxygen accumulator.



(!V)5-9

5.1-3.1*. Operation

Prior to Earth Launch, the fuel cells, cryogenic tanks, cooling loop and associated
components will be checked out, filled, and started. The fuel cells will be supply-
ing power to the Lab prior to and during launch and during the entire mission.
Throughout the mission, the two fuel cells will be on the line supplying power to
the vehicle' loads in parallel for maximum reactant economy. At peak power condi-
tions when the voltage falls below 28 volts, the peaking battery will be put on the
line to maintain system voltage.

The fuel cell coolant loop will reject cell waste heat during normal and peak
power conditions through a space radiator. By-product water will be utilized by
the ECS. A LEM three-pump package and associated valving will be used to circulate
the water glycol through the system at 220 Ib/hr, 110 Ib/hr per fuel cell. In the
fuel cell cooling loop the water is directed through the water condenser initially,
since the condenser water outlet temperature is limited to 150°F to properly condense
the water. The coolant is then put through the fuel cell helium-to-glycol heat
exchanger to absorb the waste heat and then through the radiator as required. The
fuel cell maximum coolant outlet temperature is l85°F.

Cryogenic tankage will be filled on the ground with liquid cryogens and brought
to the supercritical state prior to launch. Reactant preheaters in the fuel cell
coolant loop add heat to the cryogens to raise the temperature to the minimum re-
quired by the fuel cell and, in addition, absorb heat from the coolant loop. The
allowable minimum flow rate for the 0 tank is 0.̂ 7 Ib/hr and 0.0̂ 7 Ib/hr for the
H tank. The minimum flow rate required at an average power of 1300 w is 0.79 Ib/hr
of 0 and 0.098 Ib/hr for Hg.

5.1.3.5 Interface Requirements

• Electrical
o Main feed lines
o Telemetered instrumentation data
o Instrumentation and displays

• Fluid
o Oxygen line to ECS
o Oxygen to PLSS recharge
o By-product water line to water tank

• Structural Mounting Provisions
• Launch Pad interface

o Instrument lines
o Control lines
o 0 and H fill and vent lines

5.1.3.6. Component Description

The fuel cell unit proposed in the recommended configuration is an Allis Chalmers
33 section Hydrogen-Oxygen unit having the following nominal characteristics:

• Power Output 2,000 w nominal
• Voltage limits 28 to 32.5 volts
• Reactant Consumption 0.77̂  Ib/kw-hr gross
• Thermal Efficiency 65.5$ @ 50$ power

Aumman.
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• Parasitic power 115 w
• Total weight l6U Ib

Detailed performance of the AC fuel cell is presented in Paragraph 5.1.2.2.1.,

The coolant circulation assembly is identical to that used in the LEM-ECS and con-
sists of three DC motor pumps, any one capable of pumping 220. Ib per hour at 30. psi.
There is only one coolant circulation assembly feeding the two fuel cells in paral-
lel. It consumes 30 w of power, including distribution losses.

The EPS radiator area required is 60 sq ft to meet the peak power requirement of the
fuel cells. It has a heat rejection rate of 150 Btu/sq ft at rated operating inlet
temperatures of l85°F, and outlet temperature of 136°F. See Paragraph 4.1 for
sizing criteria. . .

The 5 kw-hr, 167 a-hr, 70 Ib primary peaking battery is capable of meeting the peak
loads due to experiment usage.

The AES cryogenic reactant storage tank performance is presented in Paragraph
5.1.2.2.2. . ,

The inverters used on the vehicle are the LEM inverters. The characteristics are
as follows: *

• 115 volt
• Single Phase
• UOO Cycle
• 350 va
• 15 Ib weight
• Cold Rail Mounting Configuration

5.1.3.7 Modification to basic LEM (EPS only)

• Remove ascent batteries
• Remove descent batteries
• Install EPS as described in Paragraph 5.1.3.1
• Rewire vehicle structure consistent with new .requirements
• Add Displays and Controls
• Add Instrumentation
• Add GSE servicing and checkout points

5.1.3.8 Total Weight

The total weight of the EPS and other subsystems components related to EPS operation
is 2720 Ib. Detailed breakdown is given in Table 5.1-6.

5.1.3.9 Total Volume

The total volume of the EPS is 85 cu ft.

5-1.^ Baseline Configuration

The baseline configuration differs from the recommended as follows:
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• Two Pratt and Whitney fuel cells were used. Differences between
these and Allis Chalmers units are described in Paragraph 5.1.2.2.1.

• Two CSM AES housekeeping C>2 tanks and two CSM AES housekeeping H2 tanks
were used for the baseline configuration compared with one AES max.
volume 02 tank and one AES max. volume E^ tank for the recommended
configuration. The CSM tanks considered for the baseline configuration
are described in Table 5.1-7.

• Two 25 sq. ft. radiators were used on the baseline compared with 60
sq ft on the recommended configuration.

• One 7 kw-hr peaking battery was used for the baseline, whereas a 5
kw-hr battery is required for the recommended configuration.

5-1.5 Alternate Configuration - General Electric Fuel Cells

An alternate configuration for the EPS is the use of four General Electric fuel
cells in place of the two AC fuel cells. The GE fuel cells are described in
Paragraph 5.1.2.2.1. This configuration would differ from the recommended con-
figuration as follows:

Alternate Recommended

Fuel Cells General Electric Allis-Chalmers

Number of fuel cells h 2

Maximum net power available, watts " 39̂ -0 3770

Reactant Quantity, Ib 1300 1300

Radiator area, sq, ft, 60 + 300 Ib of by- 60
product water

Radiator area, sq, ft, (850 Ib of
by-product water used for
supplemental cooling) 23 l6

EPS weight, Ib 29̂ 2 2720

Experiment Energy Available, kw-hr

No-radar mission 671 IQh

Radar mission 625 676

The GE fuel cell is considered an alternate configuration because it represents a
further development of an existing NASA utilized fuel cell design. The fuel cell
evaluation of Paragraph 5-1-6.1 shows it to be applicable for use on the Lab
missions. It should be pointed out that this configuration produces 51 kw-hr less
experiment energy than the recommended configuration for the mission where radar is
used and 33 kw-hr less for the mission without radar.
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The proposed fuel cells for this alternate configuration would consist of the 92
Ib, 3 stack Gemini fuel cell configuration modified to the "S" membrane configura-
tion and qualified to a 1200. hr life. The performance of this fuel cell would be
boosted from 560 w to 1 kw at 28 volts minimum by utilizing a voltage regulator.
Since the average Lab power is 1555 w, the voltage regulator would only be utilized
when high powers are required such as radar mapping or other high power experiments.
Normal operation would require 4 fuel cells to supply both the average and peak
power requirements.

5.1.6' Configuration. Choices

The recommended EPS configuration evolved from the following fuel cell, evaluation.

5-1.6.1 Fuel Cell Configuration Evaluation

The use of fuel cells to supply electrical power to the Phase II Lab was recommended
based on the results of the Phase A study. This recommended power source was
utilized in the Phase B studies to determine the optimum configuration of the EPS.

The following study assumptions were used:

• Consideration should be given, but not limited, to utilization of
existing Gemini, Apollo and proposed AES hardware.

• Fuel cell power should be considered redundant for simultaneous house-
keeping and EVA power, but not redundant for simultaneous housekeeping
and radar mapping.
FCAs considered must be the same for Phase II Lab and Shelter. :
1200 hr life
FCA can exist under hot-standby condition, i.e., hot but not. generating.
Paralleling capability: 100$
Fuel cells must be capable of being checked-out prior to earth launch.
LEM Glycol pump package should be used in cooling loop,

e Ethylene Glycol/water mixture (62.5/37*5) should be used as-coolant.

The three fuel cell configurations (described in Paragraph 5-1-2.2.2) considered
in the evaluation were as follows:

• Two (2) Allis-Chalmers 2000 watt nominal fuel cells
o Four (U) General Electric 1000 watt fuel cells with voltage regulators
« Two (2) Pratt & Whitney 2000 watt nominal fuel cells.

The technical evaluation considered:

Category Relative Importance

Design and Performance:

Weight: 27$

Reliability: 27$

Total 100$

The specific criteria evaluated under the above categories and the rating given
each criteria are presented in Table 5«l-8»
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5.1-6.1.1 Design and Performance.

• Optimum Fuel Cell Operation - The specific reactant consumption (SRC) trade
off is summarized in Fig. 5-1-19? which presents the net SRC as a function
of the net power available at the bus connection, i.e., after the parasitic
powers of the fuel cells on and off the line have been deducted from the
gross power generated. The SRC includes the purge rates as well as the
flow required to keep fuel cells in a self-sustained hot-standby condition.
The net SRC is obtained by dividing the total reactant flow of the system
by the net power delivered. Energy available for experiments (radar
mission): AC--6?6 kw-hr, GE--625 kw-hr, P&W--691 kw-hr.

• Total System Polarization and Degradation - The effect of degradation on
the total EPS fuel cell output for the three fuel cells based on 1200 hr
of operation is shown in Fig. 5-1-20. This is based on test data per-
formed on experimental units. All fuel cell manufacturers indicate that
the production units will have reduced degradation. This indicates that
all fuel cells have a considerable amount of development work to be per-
formed on them to reduce degradation. The GE unit is less sensitive to
degradation when a voltage regulator with sufficient capacity is used.

• Comparison of Step Load Performance - The step load capabilities of the
three systems are compared in Fig. 5-1-17. Both the AC and GE systems
are capable of delivering peak power immediately. This is because both
systems perform at constant temperature. The P&W fuel cell transient
performance occurs at constant temperature although the steady state
polarization curve is at variable temperature. The steep constant tem-
perature polarization curve severely limits step load performance.

The results of the design and performance evaluation are:

Max. Possible Points AC GE P&W

46 29.80 28.98 22.75

5.1.6.1.2 Weight. The itemized weights for each complete configuration, including
radiator and all expendable, are given in Table 5.1-6. The total weights are:

GE P&W

Weight, Ib 2720 2850 2927
(29̂ 2)*

* Configuration weight with 5 fuel cells

The overall weight evaluation ratings based on the criteria of Table 5.1-10 are:

Max. Possible -Points AC GE P&W

27 17.25 11.25 13-50

5.1.6.1.3 Reliability. The reliability evaluation was performed in accordance
with the following assumptions:
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• The reliability predictions were estimated using the following individual
fuel cell failure rates:

Failure Rate Per
Vendor Individual Cell/lÔ Hrs Source

AC 1.0 No data supplied
by vendor, assumed
similar to P&W

GE 5-0* GE

P&W 0.86 P&W

• The failure rate of 5/10° hours is based on Gemini "D" membrane units. GE
had estimated a rate of 1/106 hours for their "S" membrane unit. Since
there was no substantiating data or any long history of test runs with the
"S" membrane, the 5/lo6 hrs failure rate was used for all GE reliability
estimates.

• The fuel cell reliability model used for all fuel cells consisted of the
series connection of only the individual.cells. No other peripheral
components or equipment in the fuel cell package were considered.

• Individual stacks of the GE fuel cell section can be isolated from the
section in the event of a failure and stacks of other sections could
be individually put on the lines as a replacement.

• For reliability purposes, two specific missions were chosen as the basis
for calculation. They are as follows:

- Mission A - When the flight includes radar mapping, two fuel cells are
required for mission success for the AC and PWA configura-
tions and 10 of 12 stacks for the GE configuration for 1080
hr.

- Mission B - When the flight does not include radar mapping, one of two
fuel cells are required for mission success for the AC and
PWA configuration and 6 of 12 stacks required for the GE
configuration for 1080 hr.

The computed mission success reliability of the three fuel cell candidates for the
stated mission conditions are as follows:

Mission AC GE P&W

A - 0.93126 0.705W 0.9U231
(0.978123)*

B ' 0.998787 0.999501 0.999139

* Reliability that would be obtained by adding one more GE fuel cell, weight
would be increased by 92 lb.
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Owing to the low reliability value with the k GE fuel cells, consideration was
given to adding an additional fuel cell. This brought the reliability number to
an acceptable level as shown in the above tabulation. Further investigation into
failure rates for these operating conditions are required to ascertain the number
of fuel cells needed.

The results of the reliability evaluation are as follows:

Max. Possible Points AC GE P&W

27 11.25 12.50 16.2

5-1.6.1.^ Technical Evaulation Summary. The results of the fuel cell technical
evaluation are:

AC GE P&W

Design and Performance 29.80 28.98 22.75

Weight 17.25 11.25

Reliability 11.25 12.50

TOTAL 58.30 52.73

After further qualitative analysis of each system, in particular, back-up endurance
test data of the contending fuel-cells which would effect confidence in the fuel
cell being able to meet the endurance requirements with acceptable degradation,
the Allis Chalmers fuel cell is recommended as the one showing the best prospect
of insuring mission success. Test units have accumulated -̂078 hr of testing during
which 2000 kw-hr were generated with electrodes and electrolyte identical in ma-
terials and size to those included in the fuel cell under development for NASA.
The operating temperature (205°F) is sufficiently high to provide adequate heat
removal potential while not posing any particular vehicle integration problem even
during prelaunch checkout. It is recognized that the mechanical design needs
further refinements but these are not of a fundamental nature and can be worked
out in time to satisfy the AES schedule.

The General Electric fuel cell is a well integrated, flight tested unit with in-
novations such as the solid electrolyte Ion Exchange Membrane and the water re-
moval wicks. The very nature of the Ion'Exchange Membrane causes a loss of ther-
mal efficiency (high resistance) and requires a low operating temperature. Gen-
eral Electric has met this requirement with a very efficient liquid cooling loop
requiring very little parasitic power. This results in good net fuel cell perfor-
mance particularly at low power. The low cooling loop temperature on the other
hand introduces a high radiator and water boiler penalty, but this would not make
the GE fuel cell inapplicable. The major unknown at this time is the lack of test
data with the "S" membrane which is to replace the "D" membrane of the Gemini
flight cells which was found to degrade after initial activation even during stor-
age.

Aumman.
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The Pratt & Whitney fuel cell from an electrochemical viewpoint is fundamentally
sound and obtains excellent cell efficiency. However, the high operating tempera-
ture (400°F) required by the high KOH concentration leads to a heavy and complex
mechanical design. Except for the small radiator which is feasible with a high
temperature coolant loop, the P&W fuel cell does not lend itself to easy integra-
tion in the vehicle. In addition, the amount of heat radiated to the vehicle is
large and requires cooling on the launch pad, the heating period during starting
is long and costly in energy, the parasitic power inherent to the hydrogen coolant
loop and water separator is high, and the step load capability is limited by the
thermal time constant. Furthermore, the electrolyte (which freezes at 280°F) re-
quires a high heat input during hot-standby. The overall result shows that the
Pratt & Whitney fuel cell has a smaller operational range than the Allis-Chalmers
and General Electric fuel cells.

In conclusion, the Allis-Chalmers fuel cell powered EPS is recommended for the
Phase II Lab.

5.1.6.2 Fuel Cell Peaking Requirements_

Initial analysis has indicated that for short periods of time, power requirements
will exceed the capability of the fuel cells in the recommended configuration. A
65 Ib primary peaking battery has been included to augment the fuel cells during
these high peak loads to keep the voltage within required limits. The estimated
peaking requirements are detailed on the Electrical Power Integrated Design Profile,
Fig. 5.1-2. A total of 5 kw-hr of energy at levels up to ^00 w was estimated for
the entire, mission on the assumption that the fuel cell could supply loads up to
3520 watts (degraded) within required voltage regulation. The peak loads were
generated during the periods of radar mapping that have been assumed to occur for
two ^5 minute periods every lU hr. -

A fuel cell voltage regulator and peaking secondary battery charger combination
have also been considered to handle the peak loading requirements. .Although these
approaches offer advantages, the primary battery was selected on the basis that it
provides fuel cell topping at the lowest cost, complexity and development time.
However, it is felt that further analyses as to the possible use of a voltage
regulators or secondary battery/charger combination should be conducted when the
topping requirements, fuel cell characteristics and Lab system parameters are
better known.

5.1.T Additional Studies

5.1.7.1 Cryogenic Tankage Evaluation

A technical evaluation was made of the cryogenic tank designs submitted by
AiResearch, Beech and Bendix. The technical evaluation considered:

Category Relative Importance

Design and Performance: h6%

Weight: 27$

Reliability: 21%
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5.1.7-2 Technical Evaluation Summary

The scores achieved by the three tank designs are as follows:

AiResearch Beech .Bendix

Design and Performance 29.23 28.2k 32.02

Weight lU.75 18.00 ' 21.75

Reliability 17-75 15.00 lU.25

61.73 . 6l.2U 68.02

Table 5.1-9 is a detailed breakdown of the items considered in each maj,or category,
the relative weight of each item and the ratings of each individual design.

5.1.7-3 Conclusions

The recommended configuration for the Phase II Lab is the AES cryogenic tanks for
EPS and ECS expendables. If cryogenic tanks other than the AES tanks were required,
this evaluation indicates a. technical preference for the Bendix design. Further
evaluation of vendor capability, cost, and schedule effects must be carried out
before a final choice can be made.

5.1.7-^ Comparison of AES Tanks and Vendor Optimized Tanks

Table 5.1-10 compares the weights of the AES hydrogen and oxygen cryogenic storage
tanks for the Phase II Lab with the weights submitted by the tank manufacturers.
The tanks designed for the Phase II Lab are optimized for the standby time and
delivery requirements of the mission. The AES tanks are not very different in weight
from the vendor proposed tanks, although they are slightly over-sized and cylindrical
in configuration.

j/uumnan.
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Table 5.1-1

ELECTRICAL POWER HOUSEKEEPING ASSUMPTIONS

(For ^5 Day Manned Mission; 19,350 n. mi Synch Earth Orbit)

Subsystems

ECS
Glycol Pump
Cabin Fan
Radiator Controller
C02 Sensor
ECS Relay Box

RCS
Cluster Heater (2)

Displays
Meters and Indicators
Indicators

Instrumentation
Transducers
Sig. Cond. Elec. Ass'y
Caution & Warning
Timing Equip.
Pulse Code Mod.
Voice Storage Recorder

Crew Provisions
EL Lighting
Flood Lights
Dome Light

GN & C
ATCA

ASA

Communications
. S-Band Heater

.. S-Band Transceiver
S-Band Steer Ant Elect
S-Band Steer Ant Elect
S-Band Power Amplifier
Sig Proc Assy

EPS
Lighting Cont Assy
Lighting Cont Assy
FCA - EGAs
Battery EGA
Cryo Tank Heaters

Inverter Losses (assume
65$ eff )

Fuel Cell" Parasitics

Power, watts

ko.o
39-0
3-0
1.0
7A

15.0 eac.

Ik. 2

' 11.1
37-0
22.0
5-5

2-3 (AC)

6.2 (AC)
75-0
37.5
126 pk/25 mir
-70 avg.
288 pk/5 min.
-5 avg.

6;o
36.0
1.7

- 3-2 (AC)
62.0
15-5

5-0
9.0 (AC)
15.0
5-0
(02 57W)
(H2 10W)

18.9

Duty Cycle,

Cont.
Cont.
Cont.
Cont.
10

Cont.

Cont.
Cont.'

Cont.
Cont.
Cont.
Cont.

- Cont. .
6.

Cont.
50'
12.5

Operating Mode

Standby

Cont.
Cont.
65 -

' 65
- 50

Cont.

Cont.
Cont.
Cont.
Cont.

Cont.
See Table 5-1-2

Subtotal
Distrb. Losses (7-5$)
Current Status Avg Pwr
Growth Allow ( 20$)

Design Avg Power w/o FCA Parasitics

Avg Power,
watts

40.0
39-0
3-0
1.0
0-7

30.0

3^-3
1̂ .2

11.1
37.- 0
22.0
5-5

0.1

'6.2
37-5

70.0

5-0

6.0
36.0
1.1
2.1
31.0-
15.5
5.0
9-0
15.0
5-0
29-0

18.9

5^2-3
ko.6
582.9
116.6
699-5

Design Energy Without FCA Parasitics = (I08o hr x 699.5«) = 755 kw-hr

Design Avg Pwr. without FCA Parasitics = 699.5 w
*FCA Parasitics - Avg. Power - = 230.1 w

Total Design Avg. Power With FCA Parasitic 929.6W

Total Design Energy with FCA Parasitics = (1080 hr x 929-6 w) = 1,004 kw-hr

*Based on the use of (2) Allis Chalmers fuel cells
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Table 5.1-2

FUEL CELL PARASITICS

Fuel Cell System

* 1. Allis Chalmers
( Stanrtbv)

(Operate) (2)

Pover, watts

57 0
115.0 ea.

Duty Cycle

Cont.

Avg. power,
watts

230.0

Sub-Total 230.0
Distrib Losses (7.5$)**

FCA Parasitics Avg Power 230.00

FCA'Parasitics - Energy = (1080 Mrs. x 230.OW) = 2kQ Kw-Hrs.

2^ Pratt & Whitney
(Standby)
(Operate) (2)

105.0
118.0 ea. Cont.

Sub-Total
Distrib Losses (7.5$)

FCA Parasitics Avg Power

236.0

236.0
17.7
253.7

FCA Parasitics - Energy - = (1080 hrs. x 253.7w) =27̂ .0 Kw-Hrs.

3. General Electric
(Standby)
(Operate) ( U )

0.0
1^.0 ea. Cont . 56.0

Sub-Total 56.0
Distrib Losses (7.5$) U.2

FCA Parasitics Avg Power 60.2

FCA Parasitics - Energy = (1080 Hrs. x 60.2w) = 65.0 kw-hr

* Recommended configuration

xx Assumed fuel cells supply
Their own electrical parasitics

Aumman.
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Table 5.1-3

ENERGY SUMMARY FOR RADAR MAPPING MISSION

• FCA Output Gross Energy from
1300 Ib of Reactants, Kw-hr

• Housekeeping with 20% Growth,
7.5$ Distrib Losses & Parasitic
Losses, kw-hr

• Experiments + 7.5$ Distrib
Losses, kw-hr

• Experiments Net Energy, kw-hr

• Avg Experiment Load, watts

P&W

1721

1030

691

6Uo

593

A-C

1680

100U

676

625

579

•;. GE

1UU5

820

625

578

535
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Power Capability at 28V, watts
• Initial
• Degraded

Operating Temperature, °F
Operating Pressure, psia
Weight, Ib
Volume, cu ft
Product Water

• Outlet Temperature, °F
• Outlet Pressure, psia

Purge Rate, %

• H2
• °2

Environment
Start-up Energy Reqd, kw-hr
Start-up Time, hr
Parasitic Power, watts

• Full power
t. Hot standby/open circuit

Storage Environment Limits
• Temperature, °F
• Pressure

Table 5.1-̂

FUEL CELL DATA

Allis-
Chalmers

2350
1750
200
hO-
I6h
6.5

150
hO

0.2
0.2

He
1.0
1.0

115*
57

GE P & W

500**
1000**
120
20
95***
5.59

100
20

3.0
3.0

0 (Unicellular)
Zero (1*0° F +)

2000
1800

382 to 1*27
55
265. h

9-3

155-170
63.

0.5
0.5
N
h.O

Zero (Instant)

15
Zero

-50 to +185 +1*0 to +120
Space Vacuum

1.0

127
113

-20 to +130

*100 per Internal Cooling Loop + 15 for Glycol Pump.
**With Voltage Regulator
***Plus 6 for Voltage Regulator.
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Table 5.1-5

VENDOR CRYOGENIC TANK COMPARISON

Max Operating Pressure, psia
Standby Time, hr
Usable Fluid, Ib

Inner Pressure vessel
Material

Weight, Ib

Outer Shell
Material
Weight, Ib

Insulation Wt, Ib
Press. Vessel Supt Wt, Ib
Mount Wt, Ib
Components Wt, Ib
Residual Fluid, Ib
Vented Fluid
Tank Outer Dia, in.

Total Dry Wt, Ib
Total Fluid Wt, Ib
Total Loaded Wt, Ib

AiRe search

H2 02

300 1000
30 30

136 1174

Ti-5Al-2.5Sn

11*1.76 193-8

Ti-5Al-2.5Sn-
77.1 46.2

17-1 9-3
13-5 64.6
27-5 40.1
24.5 18.0
7-8 68.8
0 0

53-^ ^8.8

235.7 372.0
143.8 1242.8
379.0 16 14. 8

Beech

H2 62

250 875
30 30

136 117̂

Inco 718

92.5 187.4

6o6l Al
75.0 45.0

29-2 38.8
Included
16.2 19.2
12.0 12.0
5-7 49-0

.0 0
52.8 44.5

224.9 302.4
141.72223.0
366.61525.4

Bendix

H2 02

400 1000
30 30

136 1174

Cryoformed
^01- SS
93 129.5

6061 Al
75-0 45.0

48.7 6.4
3-5 1.9

15.6 13.2
.8.9 8.1
4.2 82.0
0 0

51.8 42.5

244.6 204.1
140.2 1256.0
384.8 1460.1
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CONFIGURATION WEIGHTS

(IV)5-23

Fuel cells

FC mount structure

FC ECAs

EGA mount structure

Peaking "battery

FC pad cooling hardware

FC cooling (radiator)

ECS Hdwe for FCA cooling & Q mod

Glycol pump assy

HgO boiler for FCA cooling

Hg reactant

02 reactant & ECS

Residual Hg

Residual Og

Cryogenic Hg tank

Cryogenic 02 tank

GOX in accumulator

Residual GOX in accumulator

GOX accumulator

Cryo H_ tank mount structure

Cryo Og tank mount structure

GOX tank mount structure

Cryo heat exchangers

Cryo plumbing & feed section

Total

2 A-C

328.0

10.0

28.0

3-3

65.0

10.0

32.0

10.0

3.0

lkk.2

1268.2

7.2

63.1

290.0

395-0

2.2

0.2

3-0

8.8
3^-5
0.1

2.6

11.5

2719.9

k GE

kok.o
16.0

56.0

6.6

65.0

«..
20.0

3-0

lkk.2 •

1268.2

7.2

63.1

290.0
395-0

2.2

0.2

3-0

8.8

3^-5
0.1

2.6

1U.3

2850.0

2 PGW

532.0

15.0

28.0

3-3

65.0

2k. 0

19.0

3.0

1UU.2

1268.2

7-2

63-1

290.0

395-0

2.2

0.2

3-0

8.8

3^-5
0.1

11.5

2927.3

Notes:

1. FC Mount Structure (each): GE,, it Ib; A-C, 5 Ib; & P & W, 7.5 Ib.

2. Radiator weights assume use of 850 Ib of water for cooling. Water available as fuel cell
by-product as required. (See Section 4.1 for radiator sizing.)

3. ECS 02 = 116.8 Ib, 2.2 of which is carried in GOX accumulator.

k. Cryogenic 02 + H,, tanks are AES tanks. Weights are assumed to include 12 Ib each for internally
and externally mounted components.

5. GOX accumulator is LEM ascent stage GOX tank.

6. Tank mount weights are 2$ of loaded tank weights.

7. P&W has cryogenic heat exchangers (reactant preheaters).

8. G.E. fuel cell includes voltage regulator (6 Ib/kw).
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- Table 5.1-7

CSM AES HOUSEKEEPING TANK CHARACTERISTICS

Usable Capacity, Ib

Vessel Shape

Dimensions, in

Min. Steady-State Flow Rate,lb/hr

H2

80

Cyl with Heads

Ul.5 OD x 45.25

ir 0.05

°2

712.5
Sphere

36.2 Dia.

0.4



Max
Wt Possible

I. Design and Performance (̂ 6$)
A. Design concept of cell (8$)

1) Originality 1
2) Adaptability to space

(a) gravitational effects 1
(b) operational temp, as 2

affects ability to
reject heat

• 3) Growth potential 1
U) Complexity

(a) fuel-cell itself 1
(b) vater removal concept 1
(c) cooling concept 1

5) Size (amperes per square 1
ft capability)

6) Weight (effect of cell con* 1
ceptual design on power plant
weight)

7) Development of cell concept 1
I.A Total out of kk mass 11 hh

Weighted rating based on 8
B. Mechanical realization (8)

. l) Electrodes 1
2) Electrolyte 1
3) Reactant passages incell 1
U) Cell stacking method 1
5) Cell wiring 1
6) Operating temperatures 1

(mechanical effects)
7) Operating pressure
8) Cooling loop mechanical 1

design
9) Reactant feed to stack 1
10) Housing design 1
11) Water removal 1
12) Package in controls and 1

accessories
13) Fuel cell mounting 1
1*0 FCA specific volume, 1

watts/ft3 in/ft
15) FCA Specific Weight in watt 1

per Ib
I.B Total out of 56 max possible lU 56

Weighted rating (8)

CO



A.C. G.E. P & W

C. Performance (15
l) Voltage rang

F-2 G-3 P-l 2) Performance
at end of U*.

G-3 E-U F-2 (1080 hours)
G-6 P-2 E-8 3) Gross therma

k) Parasitic pc
5) Open circuit

G-3 F-2 G-3 by capabilit
6) Cold start (

F-l G-3 P-l 7) Stopping prc
F-2 G-3 F-2 temporary
F-2 G-3 F-2 permanent
F-2 P-l G-3 8) Storage capa

9) Step load
F-2 G-3 P-l

Weighted rat
D. Vehicle Integra

F-2 P-l P-l l) Thermal inte
26 25 2U 2) Coolant loop
U.72 IK 55 IK 32 penalty

3) Electrical i
G-3 G-3 F-2 4) Pre-launch c
G-3 F-2 P-l 5) Mechanical i
F-2 F-2 F-2 6) By product v
F-2 G-3 F-2 on vehicle i
G-3 G-3 'F-2 7) Total volume
F-2 G-3 P-l

Weighted rat
G-3 G-3 G-3 II. Weights (27)
F-2 G-3 F-2 A. Mission Weight

' 1) Shelter
F-2 F-2 F-2 2) Lab II
F-2 F-2 F-2 B. Weight Dated Va
p_l E-lj- F-2 C. Weight Control
P-l G-3 G-3 cedure organize

D. Potential weigh
F-2 G-3 P-l development
F-2 G-3 P-l

Weighted rat
E-k G-3 P-l

U.86 6.0

5".



Table 5.1-8
FUEL CELL TECHNICAL EVALUATION

Wt
Max

Possible A.C.

egradations
II missions

efficiency
•er
and/or stand-

rom lMD°F)
edure:

ility (at

ng (15)
ion (15)
face
and radiation

1
1

2
2
2

1
2
1
1

13

2
2

F-2
G-3

G-6
•P-2
G-6

G-3

G-3
F-2
G-3

9.82

G-6
E-8

terface
eckout
terface
ter (effect
tegration)

ng (15)

1
1
1
1

1
9 36

F-2
F-2
F-2
F-2

G-3
25
10.U

idation
method, pro-
ion)
saving during

9
6
5
1*

27 108

G-27
G-18
F-10
F-8

F-6

17.25



P & W

III. Reliability
F-2 A. Fuel cell reliability
F-2 l) Shelter with peak (DRILL)

2) Shelter WITHOUT PEAK
3) LAB II with peak (RADAR)

G-6 U) LAB II WITHOUT PEAK
P-2 B. Reliability method procedure
P-2 and organization

C. Back-up Data
P-l D. Possible'Improvement

E. Maintainability (pre-launch
F-2 period)
F-2 III. Totals
G-3 Weighted rating
P-l
23 Summary & Totals
6.6k

I. Design and Performance:
P-2 A. Design Concept
E-8 B. Mechanical Realization

C. Performance
F-2 D. Vehicle Integration
P-l
P-l II. Weights
G-3 III. Reliability

F-2 GRAND TOTALS
19
7-90

F-18
P-16
G-15
G-12

P-3

5̂
13.5
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Max
Wt Possible A.C. G.E. P & W

6 2k
3 12
2 8
k 16
k 16

k 16
2 8
2 8

27 108

P-6
•G-9
P-2
F-8
P-4

F-8
F-4
F-4

45
11.25

M-0
E-12
M-0
G-12
G-12

P-4
F-4
G-6

50
12.5

F-12
G-9
P-2
G-12
G-12

G-12
F-k
P-2

65
16.20

4.72
4.86
9.82

io.4o
29.80
17.25
11.25

4.55
6.00
9.23
9-2

28.98
11.25
12.50

4.36
3.85
6.64
7-90

22.75
13-5
16.20

58.30 52.73 52.45



I. Design & Performance U6$>
A. Overall Design concept 15$

l) Size and shape
2) Simplicity or complexity
3) Pressure vessel & outer

shell design
k] Pressure vessel support
5) Tank mounting scheme
6) Component mounting scheme
7) Interface requirements

I. A Total out of 40 max
Weighted rating based on 15°

B. Thermal Design & Performance 20%
l) Insulation technique
2) Thermal effectiveness
3) Growth potential -

lowering heat leak w/o
redesign

h) Thermal optimization with
respect to AES mission

5) Solution, to stratification
6) Analytical methods

I.B Total out of 36 maximum
Weighted rating "based on 20

C. Mechanical Design - 5
l) Materials selection
2) Materials compatibility
3) Design approach & analysis

of:
(a) o Pressure vessel
(b) o Outer Shell
(c) o Insulation
(d) Pressure vessel support
(e) Outer shell support
(f) Components & supports

k) Confidence in stress
properties

5) Manufacturing methods

I.C Total out of hk maximum
Weighted rating based on 5

D. Instrumentation - 2
I .D Total out of h maximum

Weighted rating based on 2

Wt

1
2
2

2
1
1
1
10

2
2
1

1

1
2
9

2-
1 -

1
1
1
1
1
1
1

1
11

.1
1

Max
Possible

To"

36

kk

b



^Research

G-3
G-6
F-U

G-6
G-3
G-3
G-3

28
10.50

F-3
F-U
P-l

F-2

G-3
E-8

21
11.66

G-6
F-2

P-l
F-2
G-3
G-3
G-3
G-3
F-2

F-2

27
3-07
G-3
3
1.50

Beech

G-3
F-U
F-U

F-U
G-3
G-3
F-2

23
8.62-

(G-) -5
G-6
G-3

F-2

E-U
P-2

22
12.21

G-6
G-3

F-2-
G-3
F-2
F-2
G-3
G-3
G-3

G-3

30
3-Ul
G-3
3
1.50

Bendix

F-2
F-U
F-U

G-6
G-3
G-3
F-2

2U
9.00

( T71 i *7
V ™ / ™ I

i TT1 i 7

E-U

F-2

E-U
F-U

28
15.56

F-U
G-3

F-2
F-2
G-3
F-2
G-3
G-3
F-2

F-2

26
2.96
G-3
3
1.50

i

E. Pover - 2
l) Heater powe
2) Heater ener

I.E Total out of 8
Weighted ratin

F. GSE Requiremen
l) Handling re
2) Filling

T TT Total out of 8J. • £ -L Vw* UCI,4_ wL-i O \~J J- ^

Weighted ratin
II. Weights 27
A. Comparative to

l) Shelter
2) Lab

B. Weight data va
C. Weight control

procedures , or
D. Possible vt. s

development

II. Total out of 1
Weighted ratin

III. Reliability
A. Comparative ov

reliability
1) Reliability

of overall
2) Failure Rat
3) Failure mod

analys is
B. Reliability Me

& organization
C. Data in suppor

analysis
l) Stress to f
2) Actual flig

D. Possible futur
improvement

E. Maintainabilit;

III. Total out of
Weighted rati:



Table 5-1-9
CRYOGENIC TANK EVALUATION

laximum
based on 2
; - 2
lirements

laximum
based on 2

il weights

.dation
methods
mization)
rings during

] maximum
based on 27

L

3n basis
rstem
J-

; & effects

tods procedures

of Reliability

.lure tests
, data
reliability

>8 maximum
; based on 27

Wt

1
1
2

1
1
2

9
6
5
k

3

27

10

3
2

*

2
2
2

2
27

Max
Possible

•8"

8

108

1*0.

12
8

16

8
8
8

8
108

AiResearch

G-3
G-3

1.50

G-3
F-2

5
1.25

F-18
F-12
G-15
F-8

F-6

59
1U.75

G-30

G-9
F-h

F-8

F-4
E-8
F-U

FA

71
17.75

•Be

F
_G

1

G
F

1

G
G
F
F

G

7;
18

F

F
G

G

G
P
F

F

6
15



:h

5

L

V
3

25

21
L8
LO
3

L

DO

20

6 .
6

12

5
2
4-

4_

)0

Bendix

F-2
F-2

k
^

1.00

G-3
_G-3

6̂j
1.50

E-36
E-24
F-10
F-8

G-9

8?
21.75

F-20

G-9
F-k

G-12

P-2
P-2
F-l|

— -^ "*̂ *_

57
14.25

-

Summary & Totals

I. Design & Performance
A. Overall design concept
B. Thermal Design & Performance
C. Mechanical Design
D. Instrumentation
E . Power
F. GSE Requirement

II. Weights
III . Reliability

GRAND TOTAL
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wt

15
20
5
2
2
2
46
27
27

LOO

Max
Possible AiResearch

10.50
11.66
3.07
1.50
1.25
1.25
29-23
14.75
17.75 .

61.73

Beech

8.62
12.21
3.41
1.50
1.25
1.25
28.24
18.00
15.00

.61.24

Bendix

9.00
15.56
2.96
1.50
1.50
1.50
32.02
21-75
14.25

68.02



(!V)5-29

Table 5.1-10

COMPARISON OF AES TANKS & VENDOR PROPOSED TANKS

H2

°2 .

Weight, Ib

Usable

Dry

Loaded

Usable

Dry

Loaded

AES

lUU.2

290.0

hkl.h

1268.2

395.0

1726.3

AlResearch

136.0

235.7
379.5

117̂ .0

372.̂

1614.8

Beech

136.0

22̂ .9

366.6

llT^.d

302. U

1525.̂

Bendix

136.0

2UU.6

38̂ .8

117̂ .0

20U.1

1U60.1
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3500 Total Design Energy Based on 1300 Ib of Reactants

3000

2500

Total Design
Energy, kw-hr

Design Avg
PwrReqmts, watts

Housekeeping
See Note 2

1004

930

Experiments
See Note 3

676

625

Total

1680

1555(

Notes:
1. Typ 14-hr duty cycle repeats

77 times over 1080-hr mission.
2. Includes FCA parasitics & cryo.heaters.
3. Includes 7. 5% distrib losses.

2000

o

1500

1000

Integrated Experiment &
Housekeeping Power Levels

500

. J

Housekeeping Power Levels
(Incl 7. 5% distrib losses. 2(
growth & fuel-cell parasitic

7
Time,



jross)

I "
L_J I—I UJ

3521

pJ
__l

-(See Detail "A")
(iv)5-31/32'

3521

ri;
rJ in
i LJ

n

- Detail "A"

I
(Assumed over FCA Power
Capabilities Total Mission

I Energy 5 kwh

I J L_J

r ,[ i | I O .OShr— •

3910

10 11 12 13 14
hr

3521
—•

0.1 hr

Fig. 5.1-2 Electrical Power Integrated Design Profile - Integrated
Housekeeping & Experiment Power Levels (Based on EPS
Recommended Configuration)
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mill 51S T
Press Reg (40!psia)
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airSl'S
28vDC? H0O—- PH Sensor

Vac
Reg
(1.75 psia)

To Water
Tank

Fig. 5.1-3 Allis Chalmers Fuel Cell Schematic
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I I I I I I I I I I I I I I 1 I I I I I I I I I
0 0.5 1.0 1.5 2.0

Gross Power, kw

Fig. 5.1-4 Allis Chalmers Fuel Cell Voltage & Reactant Flow
vs Gross Power
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Initial Gross Power, kw

2.0

Fig. 5.1-6 Allis Chalmers Fuel Cell Step Load Capability



To Other
Suctions To Section

Supervise

To Dual Reactant
Valve Control Circuits

H-Inlet Press
1OT-260 psia
-420 F Min

C>2 Inlet Press
250-925 psia
-300 F min

Coolant in 1

!V?
Rat

\



Panel

S £

To Hydrogen Inlet Valve Stack Control Circ
on Section Supervisory Panel

A B

Manitold

•I I. I I .». I 1 1 I I

HI

-r° ?
I I Max O2 Demand

0. 832 Ib/hr/sect
i

ToO2 Purge
Valve Circuits

irge On Section .
Flow Supervisory
1.755 Panel
/sect

H Purge
Max Flow
Rate 0.97 Ib/hr/sect
Max Back
Press. 5 psia Legend

• • Hydrogen
MM Oxygen

Water
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Common

LVH-C

tack C

Electrical Output
28 VDC Norn
To Section
Supervisory
Panel

Coolant Out

Product H O
Bleed

To Other Sections

)-

r

iu
]

@n,j A

I M: ! |
- 1 /

1
I c J

)-rTV WDV

T To H2O Drain
| Close Valve Circuit

1 on Section

To H2 Purge
Valve Circuits
On Section
Supervisory
Panel

Open Supervisory
Panel

I
1. To Storage Container
2. Back Pressure from

Spacecraft Water
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5.2 ENVIRONMENTAL CONTROL SUBSYSTEM (ECS)

5.2.1 Groundrules

The following NASA groundrules have been adhered to in the establishment of pre-
liminary ECS functional design requirements and the subsequent development of sub-
system configurations for the Phase II Laboratory.

• The CSM ECS shall provide for the removal of carbon dioxide, excess vater
vapor, odors, trace contaminants and particulate matter from the combined
CM/Lab atmosphere during routine flight.

• The CSM shall provide all water required by the crew for drinking, food
preparation and personal hygiene.

• The Lab shall provide' for recharging the PLSS.
• The Lab shall provide for the exchange of cabin atmosphere between the Lab

and CM as required to maintain the former at acceptable humidity, temper-
ature and carbon dioxide concentration levels.

• The Lab atmosphere shall be 70% oxygen and 30% nitrogen at 5 psia. Ambient
storage of inert gas shall be employed. A capability shall exist for al-
ternative operation at 5 psia pure oxygen.

• The Lab metabolic and leakage gas requirements shall be supplied by the
CSM.

• There shall be no requirement that one crew member be in a pressure suit
at all times.

• The CSM shall incorporate a two bed thermal swing molecular sieve for car-
bon dioxide removal.

• An airlock and associated, support equipment shall be integrated into the
L'ab.

5.2.2 Assumptions and Background Data

During the developement of ECS configurations, it has been necessary to make sev-
eral assumptions with regard to the functional requirements of Lab equipment.
These assumptions have been formulated within the groundrules itemized in Paragraph
5.2.1 and, in general, reflect an attempt to provide a clean interface between Lab
and CSM Environmental Control Subsystems.

• Crew metabolic heat loads are apportioned as follows:

o CSM ECS: All latent metabolic plus sensible metabolic produced by
CM occupants.

o Lab ECS: Sensible metabolic produced by Lab occupants.

• The Lab airlock is decompressed to effect egress and is unpressurized
during EVA experiments only.

• There are no fluid hardware interfaces between the Lab and CSM.
• The Lab ECS returns cabin gas to the CSM at the same temperature at which

it is supplied (nominally 75 ± 5°F).
• The Lab suit circuit performs carbon dioxide, excess moisture, odor and

particulate matter removal functions in support of airlock operations
only (i.e., PLSS transition).
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5.2.3 Recommended Configuration

An ECS capable of satisfying a wide range of requirements associated with experi-
ment payloads has been developed for the recommended Lab configuration. Differ-
ences from its LEM counterpart are characterized by the integration of radiator
assemblies for the rejection of all but peak thermal loads, provisions for man-
aging water produced by Fuel Cell Assemblies, compatibility with the specified
nitrogen-oxygen internal environment and a capability to support all operations
associated with EVA experiments. The Lab is synthesized, almost in total, from
hardware developed for the LEM program. In those instances where this has proved
either impractical or unfeasible, the GSM and Gemini subsystems have been scruti-
nized for appropriate components. On;ly when these sources have been exhausted
have new components been recommended.

Subsystem flexibility is most apparent in the recommended Heat Transport Section
configuration. Selective radiator tube stagnation techniques have been utilized
in conjuction with selective radiator panel flow modulation, bypass regeneration
and water evaporator controls as described in Paragraph 5.2.3.2. The following
paragraphs describe the recommended configurations by subsystem section with
emphasis placed on the manner in which they differ from their LEM counterpart.

A portion of the component and subsystem performance data presented has been pro-
vided by the Hamilton Standard Division of the United Aircraft Corporation as part
of a funded Phase B study subcontract.

5.2.3.1 Atmosphere Revitalization Section (ARS)

The ARS recommended for the Lab is comprised of a slightly modified LEM suit cir-
cuit assembly, the LEM atmosphere recirculation assembly and equipment associated
with the forced exchange of the Lab and CM internal atmosphere. As indicated in
Paragraph 5.2.1, it has been assumed that suit circuit functions are performed by
the CSM ECS during routine flight. The LEM suit circuit is retained, however, on
the Lab to provide suit ventilation and removal of carbon dioxide, excess water
vapor, odor and particulate matter in support of suited operations associated with
EVA experiments since the suit circuit is used extensively during checkout pro-
cedures associated with the transition to extravehicular life support systems.
The functional and operational requirements of this equipment are identical to
those of the present LEM except for the addition of a third suit connector station
located in the airlock. This station is plumbed in parallel with the two existing
Lab stations and consists of a suit umbilical hose assembly and a suit supply
crossover valve.

The atmosphere recirculation assembly provides for ventilation and temperature con-
trol in the Lab cabin. It consists of two cabin fans and a coolant-to-oxygen heat
exchanger equipped with wicking material for the collection and re-evaporation of
condensate. This assembly is retained intact and will .remove all sensible heat
loads introduced into the cabin atmosphere by Lab structure, equipment and occu-
pants .
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Since cartoon dioxide and excess water vapor are removed by the GSM ECS during
routine flight, provisions must be made for the exchange of Lab and CM atmosphere
at a rate that will maintain the Lab at acceptable humidity and carbon dioxide
concentration levels. A flexible duct, approximately four inches in diameter con-
nected to the cabin heat exchanger fan assembly is recommended. The CSM atmosphere
will be drawn through the duct to the Lab cabin and returned through the open dock-
ing tunnel hatches.

The Lab ARS is shown schematically in Fig. 5.2-1. One suit circuit lithium hydrox-
ide canister is sufficient to support the EVA capability of the recommended Lab
configuration.

5.2.3.2 Heat Transport Section (HTS) -

The HTS recommended for the Lab has the following functional capabilities:

• Provide active thermal control for all electronics associated with Lab
housekeeping functions.

• Provide active thermal control associated with experimental equipment.
• Provide sensible and latent cooling or heating as required of Atmosphere

Revitalization Section oxygen during pre-egress suited operations.
• Provide sensible cooling or heating as required to maintain cabin temp-

erature within predetermined limits.
• Provide for the rejection of waste heat by space radiators supplemented

by water evaporation.

The recommended Lab HTS configuration, shown schematically in Fig. 5.2-2, differs
from the LEM HTS as follows:

• The coolant pump has been modified to provide for higher performance.
• Radiators and associated control equipment have been added.
• A regenerative heat exchanger and control valve have been added downstream

of the radiators to control radiator outlet temperature,
• The secondary heat transport loop has been deleted, since it services only

that equipment which is critical to a LEM mission abort mode.
• The battery water evaporator has been deleted due to the incorporation of

radiators and fuel cells.
• The battery coldplates have been deleted from the coolant loop.
• The low temperature coldplate network has been modified in accordance with

projected equipment cooling requirements.
• The composition of the HTS coolant has been changed to 62.5$ glycol and

37.5% water due to the incorporation of radiators.
• A manual valve has been added to the low temperature portion of the coolant

network to provide a capability to bypass the Abort Sensor Assembly (ASA)
coldplate while the ASA is in a standby mode, thereby reducing the average
standby heater requirements from 73 watts to 5 watts.

• An automatic diverter valve has been added upstream of the water evaporator
to provide a capability to modulate coolant flow entering the water evapora-
tor.

5.2.3.2', 1 Radiator Integration. It is recommended that radiators be used as the
primary means by which waste heat is rejected on the Lab. The recommended radiator
configuration consists of four panels located vertically on the diagonal shielding •
of the descent stage as shown in Section 6.0. The panels will have a total surface
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area of 60 sq ft. The four 15 sq ft panels will "be plumbed in a series/parallel
arrangement as" shown in Fig. 5.2-2. Each panel will he designed with the capabil-
ity to reduce its heat rejection "by means of selective tube stagnation; i.e., as
the thermal load is reduced, successive flow paths in the radiator stagnate. To
further increase the capability to reduce radiator heat rejection, two radiator
control valves have been added to the coolant network. These components are iden-
tical to LEM Item 203 except the sensors have lower temperature settings. The
valves are located upstream of each of the two parallel radiator circuits. Each
valve senses the mixed outlet temperature of its associated circuit and attempts
to maintain that temperature at a predetermined value by modulating flow through
the radiator's bypass leg, An intermodular control valve, located upstream of the
radiator control valves, has been provided to compensate for the effects caused by
each radiator circuit being subjected to a different external environment; such as
one circuit being sun oriented while the other is oriented in the direction of
dark space. The valve modulates coolant flow to each radiator circuit as a func-
tion of its outlet temperature in an effort to obtain the same coolant temperature
at the exit of each circuit. The intermodular control valve currently used as
part of the CSM radiator control could be used directly for this application.

To insure that the coolant leaving the radiator network is above the minimum allow-
able temperature of ̂ 0°F during low load conditions, a regenerative heat exchanger
(identical to LEM Item 20U) has been added upstream of the radiator. The HTS fluid
first enters the regenerative heat exchanger and then flows to the radiator net-
works. Part of the fluid leaving the radiator network is diverted back to the
regenerative heat exchanger by a modulating control valve. The valve senses and
controls the mixed temperature of regenerated fluid and bypassed fluid. The com-
ponent is also identical to LEM Item 203, except that the sensor has a lower tem-
perature setting.

5.2.3.2.2 Recirculation Assembly Performance. An investigation was made to de-
termine methods of increasing the capacity of the LEM Item 290 Coolant Recircula-
tion Assembly in order to meet the following new requirements imposed by the rec-
ommended configuration for the Lab ECS Heat Transport Section.

• Integration of the radiator network has imposed the following additional
pressure drops:

(psi)
o Regenerative Heat Exchanger Hot Side 0.70
o Intermodular Control Valve 0.80
o Radiator Control Valve ' 0.̂ 0
o Radiators x 1.00
o Coolant Temp Control Valve 0.80
o Regenerative Heat Exchanger Cold Plate 0.31
o Evaporator Bypass Valve 0.8o

Total .̂8l

• The pressure drop has increased on a per item bd.sis by 2 1/2 times due to
changing the coolant from the LEM fluid (65% water/35^ glycol) to RS 89A
(37 1/2% water/62 1/2% glycol).

• The flow and/or pressure drop requirements may increase in the event of
extensive per flight experiment cooling requirements.



(iv)5-6i

• The flow requirement must increase in order to maintain the Lab's heat
transport capability at the same level as LEM in view of a 15$ reduction
in specific heat resulting from the use of RS 89A fluid.

The present LEM coolant pump operates at a nominal design point of 3.7 lb/min with
a 30 psi pressure rise. Modifications can be made to the existing pump package to
allow operation at' different weight flows and pressure demands. Figure 5.2-3 de-
fines the penalties associated with operating the pump under various conditions.
As noted on the figure, fixed weight includes the entire pump package including
three pumps and motors, three relief valves, three check valves, a filter and a
pressure sensor. Based on anticipated pump performance requirements kO watts have
been allocated for pump operation indicating the maximum growth point selected in
Fig. 5.2-3.

5.2.3.2.3 Equipment Cooling. The coldplate network, shown on Fig. 5.2-2, reflects
cooling requirements associated.with housekeeping loads only. Coldplates for the
thermal control of experiment payloads will be integrated on a per-flight basis "as
indicated on the schematic. It is recommended that these additional coldplates be
incorporated wherever possible into the high temperature portion of the coldplate
network downstream of the cabin heat exchanger. This will allow the coolant low
temperature requirement to be maintained at its highest allowable level, thus
maximizing the heat rejection capability of the radiators. Table 5.2-1 shows
housekeeping and basic experiment thermal loads for the recommended Lab. Based on
these loads and the heat rejection capability of the system, the recommended con-
figuration has a growth potential of an additional 8000 BTU/hr. However, in view
of water usage requirements this cooling capability is for short duration loads
only. Figure 5.2-1* shows a maximum instantaneous load heat balance based on the
heat loads presented. In order to maintain the cabin at or below the maximum
allowable cabin temperature of 80°F, 1195 BTU/hr is rejected by water evaporation
in this example. At maximum load conditions the inlet'temperature to the water
evaporator is 57.9°F. As shown in Fig. 5.2-U the uncontrolled evaporator heat
rejection at this inlet temperature with a normal flow rate of 220 Ib/hr is 3200
BTU/hr. This is 2000 BTU/hr higher than the amount required to obtain system bal-
ance, consequently excess water usage would result and the overall temperature
level would drop. For a maximum growth configuration with experiment payloads
having significantly varying duty cycles, the problem is even more significant in
that the radiators would have to be larger. For this reason it is recommended
that a valve be added to the coolant loop to automatically modulate flow around
the water evaporator. The characteristics of the control points selected, as
shown in Fig. 5.2-5, indicate that at maximum loads, 60 Ib/hr will be directed
through the water evaporator and flow will increase with experiment loads.

Figure 5.2-6 shows the proposed temperature setting for the valve sensor. Due to
the high temperature of the mixed coolant leaving the water evaporator it is again
recommended that all experiment loads be added downstream of the cabin heat ex-
changer. For maximum growth configurations, the experiment loads shown on Fig.
5.2-2 should also be moved downstream of the cabin heat exchanger. At thermal
load conditions at or below the maximum average load of 5133 BTU/hr as tabulated
in Paragraph 4̂.1-3, waste heat rejection will be accomplished by the radiators ex-
clusively, with the water supply valve to the water evaporator being in the "OFF"
position.
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Figure 5-2-7 shows the minimum load condition with regeneration being required in
both regenerative heat exchangers in order to maintain the cabin above acceptable
limits. The Heat Transport Section has been sized so that no initial water stor-
age is required, since all water required for evaporative cooling will be obtained
as a by-product of fuel cell operation. <

5.2.3.3 Water Management Section (WMS)

The functional capabilities of the LEM Water Management Section must be expanded
to meet the additional requirements of the Lab which are primarily a result of
closed cycle fuel cell integration. Specifically, Lab WMS functional requirements
are as follows:

• Delivery of water for PLSS recharge in support of EVA experiments.
• Collection and distribution of metabolic condensate during suited Lab

operations associated with EVA experiments.
• Storage of fuel cell product water during peak loads to supplement water

requirements during low production periods.
• Provide for overboard venting of water produced in excess of require-

ments.
• Delivery of water required for the rejection of Lab waste heat.

The CSM is responsible for providing all water required by the crew for drinking,
food preparation and personal hygiene and consequently, no such capability will
exist in the Lab WMS.

Approximately 10̂ 0 Ib of water are produced as a by-product of fuel cell operation
during the Lab mission. Since 299 Ib of water are required to support the EVA
capability of kh excursions that characterizes the recommended Lab configuration',
7^0 Ib of water are available to supplement radiator assemblies in the rejection
of waste heat associated with peak loads from both the ECS and EPS heat transport
networks. Fuel cell water production is based on the power profiles presented
in Paragraph 5.1 exclusive of 20% growth.

A functional schematic of the Lab WMS is shown in Fig. 5.2-8. Water consumption
and production exceed each other at various times during the mission, however the
total water produced is in excess of total water requirements. An accumulator is
therefore required to supplement water production during low production periods.
A CSM waste water tank assembly, designed-to collect water continuously in the CSM
WMS, has ample capacity for this purpose and is incorporated into the recommended
configuration. All LEM water tanks, both ascent and descent stage, are deleted.
The LEM water control module is retained, but is modified slightly to perform the
additional Lab WMS functions. Modifications are facilitated because the basic de-
sign of this module allows components to be removed, replaced or rearranged within
the circuit.

The modifications to the water control module are as follows:

• A third regulator, used in the LEM module to regulate water pressure for
the secondary water evaporator, is not required and has been deleted.

• The water tank selector valve is not used and is replaced in the module
by a straight through valve spool at the tank selection ports.
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• Another function of the same valve, to route water from the ARS to the
selected water evaporator, is deleted. This portion of the valve spool is
altered to allow passage of water to the coolant and ARS water evaporators.

• Lines from the FCA's and the water accumulator are joined and enter the
module through the descent stage tank inlet port with the check valve re-
moved.

• Ascent stage tank inlet ports are plugged.
• The secondary coolant pressurization isolation valve becomes inoperable

with the removal of the tank selector valve and will be capped at the out-
let port.

• The secondary water evaporator outlet port is plumbed to the primary water
evaporator in order to utilize the manual shutoff valve already in the
circuit. The primary evaporator feed port will be capped.

5.2.3.H Atmosphere Supply and Pressurization Control Section (ASPCS)

The pressure regulating and delivery equipment associated with the LEM ASPCS has
been retained on the Lab. Due to the recommended cryogenic storage of ECS oxygen
with EPS reactants, the LEM ECS GOX storage capability has been functionally .
deleted. The LEM descent stage GOX tank and one ascent stage GOX tank are re-
tained however, to perform the following functions:

• The LEM ascent stage GOX tank will function as an oxygen accumulator for
airlock repressurization. This is necessitated by the limited gaseous
oxygen delivery rates from EPS cryogenic tanks.

• The LEM descent stage GOX tank is retained to store nitrogen to make up
losses associated with airlock operation. This tank will store 29.2 Ib
of gaseous nitrogen at an initial pressure of 19̂ 0 psia, which will provide
the required 28 Ib of usable nitrogen for airlock repressurization.

•The following functions are performed by the Lab ASPCS:

• Regulation of oxygen required to support extra vehicular activities
(PLSS recharge and airlock operation)

• Regulation of oxygen for suited operation associated with egress and i
ingress.

• Storage and delivery of nitrogen to support airlock operation.

The recommended configuration is shown schematically in Fig. 5.2-9. To achieve
the Lab's basic capability to support kk- EVA experiments, 117 Ib of oxygen must be
stored in the EPS RSS. Each airlock repressurization requires 1.7 It of oxygen and
it is assumed that a full PLSS recharge (0.91 Ib) is required subsequent to each
ingress. In addition, 2 Ib of oxygen are required to support suited operations
associated with egress and ingress.

The functional differences of this equipment from that of the current LEM are the
deletion of the oxygen storage capability and tank staging, the addition of ni-
trogen storage and delivery equipment and provisions for- oxygen accumulation.
Hardware differences are limited to plumbing changes and the addition of four man-
ual shutoff valves, airlock dump and relief valves and an airlock pressure gauge.
In operation, oxygen is delivered from the EPS at 875 to 1000 psia to the oxygen
control module where it is filtered and made available for accumulator storage,
airlock pressurization, PLSS recharge, and regulation as ARS supply. Oxygen for
airlock pressurization is delivered to the airlock through a manual valve on each
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side of the airlock bulkhead. ECS oxygen requirements are summarized in Table
5.2-2. Nitrogen is delivered directly to the airlock through a modified LEM high
pressure oxygen control module and a manual shutoff valve on each side of the air-
lock bulkhead. Airlock pressurization is a two step procedure. The airlock is
first pressurized to 3.5 psia with oxygen, then final pressurization to 5 psia is
accomplished with nitrogen. This approach provides a clean functional interface
between LEM and CSM atmosphere supply equipment by precluding the simultaneous
operation of two sets of cabin pressure maintenance equipments.

5.2.J* Baseline Configuration

The Baseline Lab ECS configuration, developed at mid-study for the purpose of de-
fining program costs and schedules differs somewhat from the configuration .de-
scribed in the previous paragraphs for the following reseaons:

• The baseline ECS configuration did not incroporate provisions for sup-
porting airlock operations.

• The preliminary design of radiator panels and thermal load variation con-
trols has been refined considerably as a result of analysis efforts sub-
sequent to baseline configuration definition.

• The baseline configuration reflected an all oxygen internal environment.
Provisions have been made to accommodate the two gas (jCtfo oxygen, 30$ nitro-
gen, 5 psia total pressure) environment since specified.

An airlock has been incroporated in the recommended configuration permitting a con-
siderable expansion of the EVA support capability of the Lab. An airlock suit
circuit connector station and provisions for repressurizing the airlock with
oxygen and nitrogen subsequent to ingress have been added to the Lab ECS as
described in Paragraph 5.2.3.U.

A regenerator bypass and two radiator panel control valves have been added to the
radiator circuit to achieve a capability for wide variations in thermal loads. An
evaporator bypass has also been incorporated for an even greater capability in this
regard. These measures have been taken to provide flexibility in anticipation of
a large variation in the thermal control requirements of experimental equipment on
a per flight basis. These refinements are shown on Fig. 5.2-2 and described in
Paragraph 5.2.3.2.

To provide a capability for making up mixed gas atmosphere losses incurred by air-
lock operation, nitrogen is stored at ambient "temperatures in a descent stage GOX
tank as discussed in Paragraph 5.2.3.̂ . This change has been dictated by the
ground-rules itemized in Paragraph 5.2.1.

5.2.5 Separate Experiment Cooling Loops

Integration of all Phase II Laboratory experiment cold plates'in the primary HTS
coolant loop may not be advisable for the following reasons:

• The servicing of remotely located experiments by the primary HTS would
necessitate significant per flight redesigns of this coolant distribution
network.
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• Restrictions imposed on coolant loop temperature levels by housekeeping
requirements would not be imposed on a separate experiment loop(s)

• Variations in housekeeping thermal loads would not affect the cooling
available for experiments on a'separate loop(s).

It may therefore be desirable to service a portion of the experiment cold plates or
the entire experiment cooling load with a separate coolant loop(s). The exper-
iment cooling loop(s) would utilize only components currently being developed for
the basic LEM. Depending on the magnitude of the experiment cooling load and
associated temperature requirements, these components can be used in several con-
figurations to obtain an optimized configuration for the particular experiment
cooling application.

The following components are available for separate coolant loop(s):

• Glycol accumulator (only one LEM version available)
• Primary and/or secondary water evaporator (cooling capacities of these

evaporators are shown in Fig. 5.2-10 and 5.2-11, respectively.)
• Basic LEM coolant recirculation assembly or a high-capacity coolant recircu-

lation assembly (Fig. 5.2-3).

The following additional components are not essential to the experiment coolant
loop operation, but may be utilized as required:

• One or more 15 sq ft radiator panels
• Automatic glycol pump control
• Radiator bypass control valves (modified cabin temperature control valves)

Water for the experiment cooling loop will be supplied by the Phase II Laboratory
WMS. If the capacity of the Lab WMS is exceeded by the experiment cooling loop
requirements,.a separate WMS can be provided using existing LEM tankage and com-
ponents.

5.2.6 Alternate Configuration - Deletion of LEM Suit Circuit Assembly

As discussed in Paragraph 5.2.3.1, the LEM Suit Circuit Assembly is retained in
Phase II Labs specifically to support, egress/ingress procedures and in general to
provide suit circuit stations in the Lab cabin to support any suited operations
that may be required during a mission. If airlock and cabin suit circuit connector
stations can be provided by running lines from the GSM suit circuit assembly to the
Lab it would be possible to delete the LEM suit circuit assembly.

Approximately k6 Ib and 10 to 12 cu ft weight and pressurized volume savings re-
spectively could be realized at the expense of maintaining both a clean interface
between the Lab and GSM and operational simplicity. Since the GSM suit circuit
is currently designed to operate with a suit umbilical hose assembly of sufficient
length to support crew transfer in the present LEM mission it appears that no ad-
ditional demands would be imposed on GSM suit circuit compressors. Operational
disadvantages exist in that a single suit circuit would be required to support both
the Lab-CSM cabins and a crew member making a transition from the 5 psia nitrogen-
oxygen cabin to the 3.7 psia 100 percent oxygen Apollo Space Suit Assembly (ASSA).
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Retention of the LEM suit circuit would permit the purging, of the ASSA with oxygen
prior to egress (thus lowering nitrogen partial pressure) to the. point where oxygen
partial pressure will be above minimum allowable levels when suit pressure is de-
creased to 3.7 psia without interrupting cabin support.

5.2.7 Alternate Configuration - Elimination of Airlock

A significant weight saving (approximately 100 Ib) is realized by incroporating
an airlock in the Phase II Lab based on the design capability to support hk EVA's.
The alternate to an airlock is the decompression of the entire Lab cabin during
egress. . The two approaches are compared on a weight basis in Fig. 5.2-12. Two
airlocks, corresponding to the alternate airlock configurations described in
Section 6.0 are presented. The cabin dump curve indicates tankage penalties in
increments since existing LEM tanks are added as required to extend the cabin re-
pressurization capability. Initially, one nitrogen storage tank (identical to the
current LEM descent stage GOX tank) is required. After 22 repressurizations this
tank is depleted and a second must be added. No tankage is added for oxygen until
the 38th repressurization at which time the EPS reactant oxygen cryogenic tank's
capability to support the ECS is exceeded. A LEM descent stage GOX-tank is
thereby added to contain oxygen at this point.
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PHASE II LAB ECS THERMAL LOADS, Btu/hr
2 MEN''.IN CABIN
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Std

Config

Exper ' s

House-

keeping

Cabin
Ht Exch

Cold
Plates

. Cabin

Ht

Exch

Cold
Plates

Low
Temp

High
Temp

Sensible
Metabolic

Electrical

Windows &
Structure

Low-Temp
Electronics

High-Temp
Electronics

Coolant
Pump

Max TOO
Min 175

Max 515
Min 515 .

Max 2125
Min 0

Max 772
Min 594

Max 1027
Min U85

Max 0
Min -850

Max • 30k
Min 87

Max 766
Min lj-95

Max 136
Min 136

(̂ t/Uunman.
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Table 5.2-2

PHASE II LAB ECS OXYGEN REQUIREMENTS

Use Basis Quant ity

Airlock Repressurization

PLSS Recharge

Metabolic Consumption ...
(EVA Time)

1.7 Ib/repress. x hh . repress

0.91 Ib/charge x hk charges

2.0 Ib/man-day x 1 man-day

7U.8

1+0.0

2.0

Total ECS 0 Requirement 116.8
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Abbreviations Used on Heat Transport Diagram

SP Signal Processor
S-BX S-Band Transponder
S-BP S-Band Power Amplifier
VHP Very High Frequency Communications
AEA Abort Electronics Assy
INV Inverter
ATCA Attitude & Translation Control Assy
CWE Caution & Warning Assy
SCEA Signal Conditioning Electronic Assy
PCMTE Pulse Code Modulation & Timing Equipt
PQGS Propellant Quantity Gaging System
LCA Lighting Control Assy
DSE Data Storage Equipment
RGA Rate Gyro Assy
ASA Abort Sensor Assy
VSR Voice Storage Recorder
P Bat Peaking Battery
EGA Electronic Control Assy
R8§| Available for Experiments

Ive

•om ARS

PCMTE

SCEA PQGS

PCMTE

SCEA

P Bat ECA

INV CWE

fo ARS

INV ATCA

VHF AEA

SP SBX S-SP

Fig. 5.2-2 Heat Transport Section
Schematic
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5.3 GUIDANCE NAVIGATION AND CONTROL (GN&C)

5.3.1 Ground Rules

• All translation and orbital maneuvering capability will be supplied by the
CSM.

• The Lab will provide the orbital attitude hold capability .within the limits
of the recommended configuration. Capability beyond these limits will be
supplied by the•experiment package.

• There is no electrical interface for control between the Lab and the CSM.
« All missions have RCS in the Lab.
• There is no main propulsion system in the Lab.

5.3.2 Assumptions and Background Data

• The Lab must include a capability to provide an inertial reference.
• The addition of external sensors such as horizon scanners are experiment

dependent and, as such, are not included in the vehicle design.

The list of missions from the Phase A study and the "Blue Book" were used as a
basis for determining the recommended configuration. The missions can be divided
into .four categories for purposes of a GN&C evaluation. The first category, being
composed largely of medical and biological experiments does not require a control
system. The second category requires only rate stabilization. This requirement
can be satisfied by the PGNCS or the AGS as configured in the present LEM. The
third.category requires coarse attitude hold. Again, this requirement can be
satisfied by the AGS or PGNCS.

The fourth category of mission requires very accurate attitude hold. The order of
magnitude of accuracy required would require a complete redesign of the LEM GN&C
subsystem.

The recommended GN&C configuration will provide control for the first, second and
third mission categories. Capability to provide control for the fourth category
must be a function of the.experiment package.

Some of the experiments require earth pointing capability. Two methods of provid-
ing this were evaluated. The first uses a horizon scanner or similar type sensor.
The second method is to insert a rate bias command from the computer into the con-
trol system to provide approximate earth pointing. This bias signal can be updated
to provide the required accuracy; however, update frequency may be a problem. The
first method requires hardware and the second method requires software changes.
This capability must be provided as part of the experiment or on a per-flight
basis.

5.3.3 Recommended Configuration

The recommended GN&C subsystem is as shown in Fig. 5.3-1. The configuration is
that of a modified AGS with changes to the Rate Gyro Assembly (RGA) and the Atti-
tude and Translation Control Assembly (ATCA). The AGS is recommended on the basis
of power and weight parameters. A comparison of the AGS with the PGNCS will be
found in Paragraph 5.3.7. At the present time there is no basis for comparison
of the reliability of the two systems since the reliability estimates for each
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system are derived from different bases-. A more complete discussion of reliability
analysis of these two systems is given in Paragraph IK 5.

The recommended change in the EGA is a shift in the dynamic range of the rate gyros
to provide a 0.001 deg/sec. threshold sensitivity. This is a change of 10:1 from
the present system and requires a corresponding change in the maximum rate capabil-
ity from 25 deg/sec to 2.5 deg/sec. Since the Lab is only required to provide at-
titude hold capability, this maximum rate change is acceptable. A change in the
restoring spring constant will provide the necessary range shift while improved
selection of wheel bearings will tighten tolerances, if necessary.

The change to the ATCA provides a one-pulse limit cycle for the RCS jets when no
disturbance torques are present. This, in conjunction with the increased thresh-
old sensitivity, provides a minimum impulse response to a small rate change, which
results in less fuel used and decreased firing cycles for the RCS jets. The pro-
posed modification is a change in the ATCA rate gain from a range of 1 to h to a
desired range of 1 to 10. The implementation of this change will be determined by
Grumman in conjunction with the equipment manufacturer.

The modifications to the Abort Electronics Assembly (AEA) and the Data Entry and
Display Assembly (DEDA) are required to permit the use of the Alignment Optical
Telescope (AOT) with the AGS as a means of providing initialization and update
information for attitude reference in the Lab.

The modification to the AEA consists of adding a star catalog and processing rou-
tines to the program complement. A catalog of approximately ^5 stars using triple
precision coordinates and the necessary processing routines would require an es-
timated UOO memory locations. The deletion of the Rendezvous Radar and any ren-
dezvous maneuvers releases an estimated 200 memory locations for this catalog.
The remaining 200 locations required are provided by a reduction in the memory re-
quirements for alignment, calibration, and explicit guidance of approximately
800 locations.

The modification of the DEDA is the implementation of the AOT discrete signals,
Mark X, Mark Y, Mark Bar, and Reject Mark, in the DEDA. The azimuth detent po-
sitions and the elevation reading of the AOT will be entered into the AEA through
the DEDA.

The system performance will be the same as that specified for the Apollo LEM system
with the exception of those changes specified above. This performance is summar-
ized as follows:

Limit Cycle Operation Rate Stabilization

Wide 5 deg Deadband 3-1/2 deg/sec Rate Limit

Narrow 0.3 deg Deadband 0.2 deg/sec Rate Limit
AGS Drift Rate 1.1 deg/hr

5.3.̂  Baseline Configuration

The differences between the baseline and the configuration recommended in Para-
graph 5.3.3 are that in the baseline configuration the ATCA and RGA are both iden-
tical to those in the LEM.
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This system was not recommended because of the high propellant consumption rates
for attitude hold (Paragraphs U.3 and 5.M.

5.3.5 Alternate Configuration - Deriving Rate Information From ASA

Aa alternate configuration consists of replacing the RGA by deriving rate informa-
tion in the AEA from the Abort Sensor Assembly (ASA). As presently configured,
(Fig. 5.3-2) each of the three gyros in the ASA generates a gated pulse train which
is sent to an input register in the AEA. The AEA provides for the continuous accu-
mulation of these pulses and their processing every 20 msec. Program control pro-
vides a true positive or negative angular increment. The accumulated pulses are
processed in the AEA to update a coordinate transformation matrix. These rotations,
together with initial conditions, are combined with orientation commands and processed
through the inverse transformation matrix to yield body axis components of attitude
error. Therefore, data are available within the ACS which will allow the computation
of the components of angular velocity. By using the gyro pulse outputs accumulated
within the AEA input section and suitably processing it, angular rate data can be
provided in an explicit form and the rate information from each gyro is independ-
ent of that of the other gyros. This prevents loss of all rate information in the
event of a malfunction of one of the gyros.

There are two methods of providing angular velocity components from the gyro pulses.
The first processes the data through the computer memory logic and the second proc-
esses the data through circuitry that is independent of this logic. This second
method provides the capability of deriving rate data during times when the computer
is not activated. However, the first method requires the least change to-the pres-
ent AEA and is therefore the approach considered.

The rate data derived by the computer can be used in one of two ways.. One method
(System I) is to multiply the rate data by the rate feedback gain and combine it
with the attitude error signals within the computer to form the total error. The
total error can then be converted to the proper analog signal. For the Rate Com-
mand Mode, the hand controller signals are introduced directly into the AEA (Fig.
5.3-3). Within the ATCA, the logic and pulse modulation circuits would be the
same as" the present design. For the second method (System II), the derived rate
data and the attitude error data are separately converted to proper analog signals
and combined in the ATCA (Fig. 5.3-10. The remainder of the system is the same.as
the present design; the rate gain change as a function of dead band will be handled
in the ATCA.

Hardware Requirements: Systems I and II require additional A/D or D/A converters
and interface changes as shown in Fig. 5.3-̂ .

Software Requirements: The software requirements are based on the assumption that
the gains, limits and deadband requirements are the same for all channels. In
System I, additional mode switch requirement is included to provide deadband min-
max selection (Fig. 5.3-3). The running time of the program is not significantly
increased (due to deadband selection) but there will be an increase in memory loca-
tions required. The mechanization of System I is based on the equations shown below
for one channel. System II requires the same basic computation and timing.
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where f is the . computation interval in the 6n loop «. = 0. - 6 .

The programming flow chart is shown in Fig. 5.3-5. Approximately 1 msec, is re-
quired for the added programming running time for both Systems I and II. System
I requires 60-75 memory locations and System II requires ljO-50 memory locations.

Table 5.3-1 indicates that there is memory core area available for this additional
program.

The Lab as presently configured requires a threshold sensitivity of 0.001 deg/sec
angular rate. The AGS subsystem as configured for LEM has a 25 deg/sec maximum
vehicle rate capability. The gyro electronics package has a 32,000 pps data pulse
rate.

Value of one pulse from ASA = oo nnn = °' 00087 deg/pulse,j £- j u u u -

Value of one pulse _ . 0.87 x .10" deg/pulse , • / •
Minimum angular rate ~ i x 10-3 deg/sec = 7° sec/Pulse

This means that under present LEM configuration a pulse from the ASA will reach the
AEA computer every 870 msec. Computations in the AEA's digital loop will add ho
msec for a total of 910 msec between pulses to the RCS engines.

i
The studies set forth here lead to the following conclusions: The AEA computer
has enough memory capacity, as the program is described above, to fulfill the soft-
ware requirements of an internally derived rate ;program. The existing LEM AEA
using ASA gyro information can provide a pulse to the RCS jets at the rate of 890
to 910 msec per pulse, while attempting to hold a 0.001 deg/sec angular vehicle
rate. The computation time of the AEA is sufficient for the above derived vehicle
angular rate program. The independent variable for increasing response time of the
rate loop is the scaling of the ASA gyros. Further studies by GN&C Analysis and
Integration, incorporating computer simulation, are needed in order to define the
Lab guidance requirements. These studies will take into account the increased sen-
sitivity requirements, rate filter, loop stability, moment unbalance, increased
inertia, .and RCS propellant conservation.

5.3.6 Alternate Configuration - New RGA

An alternate configuration would be the baseline configuration with a new RGA,
using rate integrating gyros to provide an improved threshold sensitivity. This
approach uses torquing amplifiers to null the gyros. Since the precession rate of
the gyro is proportional to the torque applied, the torquing. current, would provide
a direct measurement of the input rate. The threshold of this system would be a
function of the sensitivity of the torquer amplifier, its current measuring device,
and the gyro drift rate. Assuming good electronics, most of the gyros considered
(Table 5.3-2) have at least a factor of 10 better threshold sensitivity than the
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present gyro without sacrificing maximum rate input. However, all of these gyros
are larger than the rate gyros now .used in the LEM EGA. This approach would re-
quire a redesign of the EGA in addition to including an electronics package.

5.3.7 Alternate Configuration - Use of Primary Navigation Guidance and Control
Section_

Another alternate would be the use of the PGNCS instead of the ACS. This system
was not recommended for the following reasons:

o Power requirements for the PGNCS are more than twice that required for the
AGS (Table 5.3-3)

o Weight of the PGNCS is approximately three times that of the AGS (Table
5.3-3) .

o .The PGNCS has .the possibility of a gimbal lock occurring in the IMU when
the middle and outer gimbal axes coincide or come within 20 deg of each
other during a vehicle attitude maneuver. The gimbal lock warning light
goes on when the angle between the middle and outer gimbals is greater
than ±55 deg. Using the AGS there are no singularities in the equations
used to derive the attitude error signals and there is no possibility of
a gimbal lock.

o The PGNCS requires the use of a Gimbal Angle Sequence Transformation .
Assembly (GASTA) to provide a rotation of the angular coordinate system
used by the IMU to that used by the FDAI. This transformation is not
required for the AGS.

5.3.8 Alternate Configuration - Control Moment Gyros

There are two basic reasons for considering Control Moment Gyros (CMC):

o Excessive RCS fuel consumption due to flight length and disturbance
torques.

o Very accurate vehicle pointing requirements.

Preliminary performance requirements indicate each CMG would need an angular momen-
tum of approximately 7 x 1C>9 gm-cm-sec. For this value, preliminary sizing was
established at 2.7 ft diameter, 80 Ib, and 2k watts for each CMG. For three axis
space craft control, six units would be required, therefore the total weight would
be ^80 Ib and the total power would be ikk watts. The totals do not include the
dc to ac power supply, mounting hardware or ECS requirements.

The state of the art indicates feasibility in implementing the CMG, but detailed
analysis is required to establish mechanical installation, wheel unloading and per-
formance requirements. A detailed mechanization will depend on MSC direction to
complete the studies outlined above.
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5.3.9 Potential Per- Flight Modification - . •

For improved system performance, a reduced limit cycle deadband is-desirable. The.
present deadband is 0.3 deg and a desired deadband is 0.1 deg. Inasmuch as the LEM
system had a 0.1 deg deadband at one time, this should not be-a problem. A brief
look at the total null error voltages confirms the feasibility of a 0.1 deg dead-
band (Fig.5.3-6). An output signal of 0.21 vdc corresponds to 0.1 deg attitude
input. The null signals from the various sources are: •

RGA (in Phase) l.U mv Deadband X 22.5 =31.5 mv
ACA No spec on in-phase, but assume l.U mv =31.5 w
AEA 10 mv (in phase) x 7 • ' = 70 mv.

In Phase Total Null.. 133 mvdc'

From this, the 0.1 deg deadband is feasible; however, Grumman in conjunction with
the equipment manufacturer, must determine equipment modification requirements.

5.3.10 .Discussion of Configuration Choices . . . . .

With no requirement for an abort capability in the Lab, the minimum non-redundant
system capable of accomplishing a reasonable percentage of the mission requirements
was the criterion for recommendation. The AGS instead of PGNCS was recommended due
to its lighter weight, approximately 100 Ib less; and its lower power consumption,
approximately 2 ^ 0 w less. . . . . . .

The modifications recommended to the AEA, DEDA, RGA and ATCA provide an improved
mission capability without changing the power requirements or weight of the system.

As mentioned previously, no comparison of reliability estimates is possible at the
present time, due to the difference in the reliability base used in the two systems.
The AGS may have an advantage in that there are fewer components in this system
than in the primary system.
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Table 5.3-1

PROGRAM LENGTH'

Function ..

Attitude Ref & Display

Alignment . '

Input Processing & Compensation • . ;

Calibration. . '' . ; . : '' .'

Initialization .

Navigation . .

Explicit Guidance

Steering '.

Radar Filter

GSM Acquisition

Telemetry

Executive & Housekeeping

Self - Tests

DEDA Processing. - .

Service Subroutines

Star Catalog

AES Guidance • •

TOTAL

'LEM

Flight .
Program

346

155 . . .
172
100.

130

194

830

375

153
' ' ' 1*6. ' ,

. U9
U67;

2U5
250
109
0

• 0
3621

• .Interim
Program

358
135

. '172.

• . 100

130
324
0

0 '

0

0

0

0

780
0

119
o
o .

2118

15$ Estimating Factor

"Scratch Pad".

AES

Labs

3̂ 6
50
172
0

130
19U
0

375
0

0

49
U67
2̂ 5

• 250
109
4oo
200

2987

450

500

3937
Remainder 159

TOTAL MEMORY CAPACITY 4096
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Table 5-3-2

RATE INTEGRATING GUROS

Manufacturer

Honeywell

Honeywell

Kearfott

Nortronics

Reeves

Sperry

Systron Donner
(Greenleaf Div. )

Kearfott

Designation

GG 8001

GG 250

CT02516

GI-KT

12IG

SYG 10̂ 0

HIG-3

LEM
Rate Gyro

Dimensions
Dia. x length,

in.

2.0 x 2.8

1.6 x 3.2

1.8 x 2.8

1.6 x 2.5

1.3 x 2.5
2.0 x 2.8

1.3 x 2.1

1.0 x 2.1

Random
Drift Rate,
Deg/hr

0.02

7.2

0.03
0.05

• 0.1

0.5

k

36*

Max.
Torgue Rate,
Deg/sec

3.5

150

5.5
17
20/40

20

30

25

* Rate Threshold Sensitivity
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Table 5.3-3

AES LABS PGNCS COMPARISON

PGNCS

CDU

IMU '

P T A ' • .

PSA

LGC

DSKY

GASTA

Totals

Power,'
Watts. ... . . ' .- •

-,

-283.8

- 105

- >30

5.63 Steady- State DC

17.8 Steady-State AC

1H2.23 to A53.^3 *

Weight
. Ib ' • "

'36.8

M.3

U.8.

20.1

70.0

17. ?5

7..V

207.9

AGS ; • . '

' ASA

• AEA ,

DEDA

: , 'RGA

SCS (Panel)

Totals

Power
watts

76.0

90.0

. 8 . 0

. 8-5

3.0

176.5.

Weight
Ib

21.0

32.0

8.0

1.8

6.0

68.8

* Information not clear if l)-12.23 includes CDU's.

Note: Harness "A" & "B", weighing 23.5 H>, must be added
to PGWCS; harness required by AGS not included.

t̂ JAumman.
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RCS
Panel

RCS
Sec
Sol

Displays
& Controls

*Modified Units Deleted from LEM

AC A (1)

T/TCA (1)

DECA
GDA
LR
RR
IMU
DSKY
LGC
PTA
PSA
CDU

Legend

AOT Alignment Optical Telescope
ATCA Attitude & Translation

Control Assy
ASA Abort Sensor Assy
AEA Abort Electronics Assy
AC A Attitude Control Assy
RGA Rate Gyro Assy
DEDA Data Entry &

Display Assy
RCS Reaction Control System
T/TCA Thrust/Translation

Control Assy

Fig. 5.3-1 Recommended Configuration
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ACS ~1
Abort
Electronics
Assembly

Abort
Sensor
Assembly

J

Rate
Gyro
Assembly

Summation

Attitude
Controller

Logic
Pulse
Ratio
Modulation

Jet
Drivers

Reaction
Jets

Fig. 5.3-2 Present AES Lab CES Configuration
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AEA I

I Rate
•J Command

Mode

I Transformation
n

*"*i
L J

**< ;

s

KR

~':-,

i

f1-

n.
«1

D/A
n

_j

Legend

0 Cj Attitude Information

Aaj Incremental Rotation

D i Computer Attitude Output

1C, Attitude Gain

« ln Computer Rate + Attitude Output

fa L Limit of Angular Rate
n . ' • •' ' '. • " .' - - .. .""

KR Rate Gain (Function of Selected Dead-Band)
• 0

T Sampling Period in $ Loop
•

01 Computer Rate Output
n

Fig. 5.3-3 Rate Deriv. System I



(IV)5-95

to Transformation J

-« Equations • *].
I i n

K;

AEA |
I

<1

D/A

D/A

n

Fig. 5.3-4 Rate Deriv. System

1

itusnmasi.
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(AEA)

e

Attitude
Error

Auto
or

Attitude
Hold

K=l , R9

r~ <

K=7.0

DB

-i- L

Xfmr

,i
0=0.3vRMS/deg

(ROO cps) I ,

__^ r

0. 3 deg DB + \&)

7.28v Pitch
Limit { 3.64v Roll

3. 64v Yaw

Demod
Sum DC

• (Out)

140 mv/deg/sec

Descent K=22.5
Ascent K=6.05

Descent K =22.5
Ascent K=6.05

Null Signal Summary

RCA

ACA

AEA

Threshold

Null

Total

Attitude
Error
Signals

0. 01 deg/sec = 1.4mv

30 mv RMS (Noise, Quad, Harmonics)

30 mv RMS

10 mv In Phase
50 mv Total
17 mv Harmonic

Fig. 5.3-6 Block Diagram - ATCA Deadband Calculations
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REACTION CONTROL & PROPULSION

Ground Rules

a) The Lab shall be capable of providing for all attitude hold functions
associated with the conduct of mission experiments.

b) The GSM shall be used for transit -and orbital slewing functions includ-
ing rolling operations.. .. -. :

c) Ascent and descent propulsion subsystems will be deleted. .

Assumptions and Background Data'

RCS functional requirements'will be similar to those of the Phase I Lab .for atti-
tude hold control with exception of the doubled propellant tankage requirements ;
and increased mission duration of 5̂ days. Two sets of propellant tanks appear •-• •••
to satisfy the majority of missions, as discussed in Paragraph .̂3. • -•

The U5 day mission duration is not expected to present serious' storage or compati-
bility problems of the hardware with the liquid and gas phases of the propellants.
However, it is expected that some testing will be required to assure compatibility
and proper operation for the full mission duration.

The most recent estimates of thruster firing cycle requirements for the Phase II '
Lab, employing two sets of basic LEM propellent tanks, show that the specification'
life requirements of 10,000 cycles will be exceeded by a factor of approximately 2.
Although these requirements are considerably" greater than the thruster specifica-
tion life, recent information received from the vendor (Marquardt) indicates that
no serious problems are anticipated. However,.a recommendation has been made by
the vendor that some additional testing be conducted to verify proper operation
during prolonged propellant exposure periods in a hard vacuum.

5.̂ .3 Recommended Configuration

5.^o3«l Reaction Control Subsystem -.

The basic LEM sixteen thruster RCS system as shown in Fig. 5.U-1 and 5.U-2, with
double the LEM propellant and helium tankage capacity and the LEM helium pressuri-
zation feed system offers the optimum RCS choice for the Phase II Lab. The fuel
and oxidizer tanks will, however, be interchanged,, either physically or,by re-
plumbing to achieve an increase in usable propellant capacity. Separate propellant
quantity gaging systems will also be provided. By interchanging oxidizer, and fuel
lines, 10U8 Ib of usable propellant can be provided Instead of the 8^6 Ib. obtained
by simply doubling LEM tankage.

This propellant capacity is not equal to twice that of: the LEM due to the fact that
the RCS engine operates on the LEM duty cycle at an average 0/F ratio of '2:1,
whereas, the LAB duty cycle results in a'0/F ratio of 1.3:1. 'This phenomenon occurs
because the mixture ratio is a function of electrical pulse width, and the attitude
hold operation for the LAB mission requires 'only minimum width pulsing.
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The LEM tanks are sized to accommodate the different propellant densities at an 0/F
of 2:1. Therefore, operation at an 0/F of 1.3:1 cannot use all of the oxidizer and
some may be off-loaded, as shown in the following table.

RCS Propellant Tankage Capacity

0/F Ox Fuel Total (ib)

a. • 2:1 736 368- " llOU

b. 1.3:1 7̂8 368 . 8U6

c. 1.3:1 592 U56 10̂ 8

a. Twice present LEM usable Propellants (REF)

b. LAB, using present LEM Tankage arrangements and
off-loading oxidizer

c. LAB, using Ox tanks for Fuel and Fuel tanks for Ox.

By coincidence, interchanging the Fuel and Ox tanks will give almost exactly the
correct volume ratio for 1.3:1 0/F. This change is permissible since the tanks
are compatible with either fluid.• The effective interchange of tanks would prob-
ably be accomplished by interchanging propellant lines rather than physical
movement of tanks. Development work on the LEM RCS Oxidizer tankage is still
continuing, and it is possible that the material used in the final design will
differ from the fuel tanks due to compatibility requirements. If this should be
the case, simple interchange of tanks may not be possible and this feature will
require re-evaluation.

Feeding the engine fuel through the present oxidizer supply system and vice versa
would lead to very "hard starts" and engine failure, due to the internal design of
the engine which requires a fuel lead for. proper operation. It is necessary to
maintain the present engine oxidizer and fuel feed lines at the engine interface
as described above.

As a design consideration, an attempt will be made to utilize common fill and drain
points for the increased tankage arrangement.

Optimum methods of "marrying" the additional propellant tankage to the basic system
are being considered. In this light, Giannini Controls Corp. was requested to
study whether the Propellant Quantity Gaging System is capable of providing accurate
measurements when several propellant tanks are arranged in close proximity to each
other. In addition, they were requested to evaluate the effect of the extended
mission requirements on propellant gaging hardware. Giannini submitted a technical
proposal defining areas of additional study and development effort associated with
the requirement for increasing the number of propellant tanks as well as extended
mission time. Generally, the effort encompasses additional analytical effort in-
cluding computer analysis and trade-off studies substantiated by laboratory demon-
stration tests. Present planning calls for this effort being accomplished during
Phase D. Preliminary vendor data indicates that if interaction or "cross-talk"
problems should occur due to close proximity of additional propellant tanks, an
adequate system can still be designed with some slight penalty in system accuracy,
or with added weight due to shielding.
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During this period, other RCS component vendors were similarly requested to review
their equipments from the viewpoint of meeting the extended mission requirements.
Although the vendor responses reviewed to date do not indicate any serious hardware
problems, the need for additional analysis and testing to verify the equipments capa-
bility for meeting mission requirements has been stressed. Studies of alternate
tank arrangement will be continued, considering effects on fill procedure, quantity
gaging and RCS plumbing.

5.^.3o2 Ascent Propulsion

Wo Ascent Propulsion is carried

5.̂ .3.3 Descent Propulsion

No Descent Propulsion is carried

5.^-A Baseline Configuration

There is no difference between the baseline and recommended configurations.

5.4.5 Alternate Configuration - Multiple RCS Feed Systems

The alternate configuration of RCS for the Phase II Lab as shown in Fig. 5.U-3
offers additional redundancy and operational flexibility over the recommended con-
figuration in that each feed system is complete within itself, feeding into a com-
mon manifold. Each system contains its own pressurization feed components, propel-
lant tank shut-off valves and helium tank initiating valves. The redundant shut-
off valves would afford the flexibility for selection of propellant and helium tanks
during normal as well as failure mode of operation. Selection of each propellant
supply system may be made independently thereby exposing only one feed leg- to pro-
pellants at any one time. In this manner the helium initiating valves need not be
fired until the system is required for use. System components exposure will be
reduced to one quarter of ^5 days, which would be approximately the same as the
Phase I mission requirement. The propellant tanks would be the only exception since
they would be exposed to propellants for U5 days. For this configuration1, the use
of squib-actuated vent valves, one in parallel with each pressure relief valve,
would be considered to depressurize the helium and propellant tanks after use.

The negative factors of this configuration are increased weight, additional instal-
lation volume requirements, additional display requirements, additional checkout
requirements and increased hardware costs.

5.̂ .6 Alternate Configuration - Low Level Thrusters

An improvement in propellant consumption with a corresponding increase in attitude
hold duration could be achieved by .using RCS engines with smaller minimum impulse
bit firing capability than the LEM engines. . Changes in the control system would be
required to take advantage of this feature. Actually, only the undisturbed limit
cycle propellant consumption would be reduced; consumption due to disturbance
torques such as aerodynamic and gravity gradient would not be affected. To-assist
in studying this possibility, the following information on alternate lower level
thruster configurations was obtained: .
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A. .Marquardt - 5- Ib thrust (developed for Syncom)
Min. impulse bit --0.05 Ib-sec (0.010 sec pulse width)
Nominal Specific Impulse - 195 sec (pulsing)
Propellents - N20̂ /50% UDMH, 50̂ .̂ - .

B. > Marquardt - 22 Ib thrust (developed for Advent)
. .;' Min impulse bit - 0.20 Ib-sec (.010 sec pulse width)

Nominal Specific Impulse - 215 sec (pulsing)
•.Prope.llants - NgO^/MMH . . . :

C. Rocketdyne - 25 Ib thrust (used on Gemini OAMS)
. Min -Impulse bit - 0.35 Ib'- sec (0.015 sec pulse width)1

Nominal Specific Impulse - 170 sec (pulsing)
Propellants - N

Although a comprehensive industry survey was beyond the scope of this study, a
trend of minimum impulse bit vs. thrust is indicated, by these data.

There appear to. be no technical problems in adapting smaller thrusters to the LEM
Lab, although further studies would be required ,if a particular thruster were se-
lected, and it appears likely that some additional development work would be required
to insure adequate thruster life. New tankage, or less efficient utilization of
present tankage, might be required if the 0/F ratio differed considerably from the
LEM design value of 2:1.

5.U.7: Potential Modification per Flight .

5..U.7.1 Additional RCS Tankage

Additional propellant and helium pressurization tanks, up to a total of four LEM
sets, may be provided if require'd. . The. third set of tanks, as depicted in Paragraph
6.2.5.3, would provide a total of 1572 Ib of usable propellant. A fourth set of
tanks, providing a total of 2096* Ib of usable propellant> could be installed on the
aft bulkhead as described in Paragraph 6.2.7.3. Thruster firing cycle requirements
fpr the three tank configuration would be approximately 30,000 cycles or 3 times
their specification life whereas the four tank configuration would yield approxi-
mately 0̂,000 cycles and k times thruster specification life. Requalification would
be required, although no design changes are believed necessary.

5.'4.7.2 Use of Descent Propulsion

Consideration of the use of descent propulsion for attaining synchronous orbit was
generated by the mission profile originally described in the NASA Blue Book. This
requirement has since been deleted by NASA directive (Ref Paragraph U.5.1 Configura-
tion Selection, Revision K of Blue Book dated 2k September 1965), but is reported
herein should a future requirement for this operation be created.

The propellant loading requirement was established by Table XVII of the Blue Book
as 16,290. Ib compared with the descent tanks capacity of 17,360 Ib of usable pro-
pellant .

These values assume the fuel and ox tanks will be interchanged either physically
or by re-plumbing, to achieve an increase in usable propellant capacity.

CONFIDENTIAL
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The subsystem would be identical to LEM's with the exception that the propellants
would be off-loaded and vent valves would be added to depressurize the helium and
propellant tanks after engine shutdown. The use of vent valves to depressurize
the helium and propellant tanks is dictated by the desire to eliminate uncontrolled
(random) venting of the tanks and safety considerations. Without additional vent
valves, the cold helium used to pressurize the propellant tanks will increase in
temperature with a corresponding increase in tank pressure. Within approximately
2U hours, the pressure will be sufficient to rupture the burst disc and open the
relief valve. Subsequently, random venting of pressure will occur. It is desir-
able to control this venting to eliminate unwanted disturbance torques which may
affect the experiments being conducted. The main problem .from the viewpoint of
safety is the prevention of catastrophic failure of the tanks. Tank failures can
occur in at least two ways: an increase in tank pressure from increased helium
temperature combined with a failed-closed relief valve, and micrometeoroid penetra-
tion of a tank at pressures higher than UO psi. Based on. the helium and propellant
tank geometries and material, Uo psi was established as a conservative .estimate
of the pressure level at which no crack propagation will occur if the tank is punc-
tured. The use of vent valves to depressurize shortly after descent engine shutdown
will eliminate these problems. ;s

•j-

A preliminary review of the. descent engine capability to meet the synchronous orbit
requirements indicates it will be able to fulfill these requirements. A full thrust
engine burn of approximately 535 sec is required. The LEM Descent Engine Test Plan .
requires a demonstration of the engine capability to burn 17,931 lt> of propellants
at full thrust (approx. 590 sec burn time). ,

The use of descent propulsion for the synchronous orbit would require a revision to
at least one LEM operational procedure. Since the descent engine controls must be
on the Lab (no control interfaces between Lab and CSM), it is necessary to enter the
Lab prior to-attaining the final orbit. The ramifications of this procedure were
not explored. . . . - , .

50̂ .8 Discussion o f Configuration Choice . • ; . . . .

The Phase II Lab RCS as shown in Fig. 5.̂ -1 and 5.̂ -2 has been proposed on-the basis
of it being able to satisfactorily accomplish the probable mission requirements.
The doubled tankage will provide a total of 1048 Ib of usable propellant at an 0/F
of 1.3 when_the fuel and oxidizer tanks have been interchanged. If the tanks were
not interchanged, only 8k6 Ib of usable propellant would be available at an 0/F of
1.3 which is the effective 0/F ratio for minimum impulse bit pulsing.
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System A
Tankage

Thrust Chamber
Isolation Valves

Thrust Chamber
Assembly

Tank

Helium Pressure
Regulating Package

IV
MairiShutoff
Valves

RCS Manifold
Crossfeed
Valves

System A

If System B

Fig. 5.4-1 RCS General Arrangement Phase n Lab
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5.5 COMMUNICATIONS

5.5.1 Ground Rules

There is no data interface between the CSM and Lab .'
Lab communications and telemetry subsystems are not dependent on CSM
.Maximum use shall be made of Apollo hardware with minimum modification
TV transmission will be via the CSM S-Band link to Earth (real time only)
TV requirements will be satisfied by the present Apollo GFE TV camera.
This, camera will be deployed from the CSM through the hatches to the Lab,

. with the power cable extending from the camera to.the CSM-S Band subsystem.
. , . ' . ' • There will be a. hardline intercommunications system between the CSM and Lab.

The hardline can be used when the Lab is depressurized and the CSM pressur-
, - . . . - ; ize'd. . . . . . . . . • ' " • -

5-.5>2 Assumptions and Background Data .

5.5.2.1 ^Assumptions ' • .

• There are no TV or data uplink requirements.
: '• • All three astronauts will have continuous audio capabilities.

• EVA communication to the CSM or Lab will be via the VHF link.
. • Earth S-band communication link is always available regardless of the

intercommunications mode.
• Lab status data will be transmitted to the ground during line-of-sight

mission phases. .

5.5.2.2 Background

The following is a brief description of the LEM communications capabilities upon
.which the Lab communications are based.

5.5i2.2,l. Communications. Figure 5-5.-1 is a block diagram of the LEM Communica-
tions Subsystem showing the changes which convert it to a Lab system. In particular,
the S,-Band section provides capabilities for:

. • Transmission of voice, biomedical data, and telemetry to Earth.
• Aid in tracking and ranging - receives and re-transmits, in phase coherence,

a pseudb random noise .(PRN) coded signal to enable the MSFN to track the
LEM during deep space phases.

• Receiving voice transmission.

The Earth is used.as a relay station at S-Band to extend the range of communications
between "the 'LEM and CSM.• The S-band section is a replica of the unified S-Band
concept (i.e., voice, bio-med and telemetry are multiplexed on a common S-Band
carrier). . . -

The PM modulators are used for the coherent operational mode, whereas the FM modu-
.lator is used for the non-coherent transmission mode. Transmission of both modes or
simultaneous operation of the driver-multipler chains are both precluded. Only one
power amplifier is used at a time.
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The VHF section is used for LEM/EVA and LEM/CSM communications. The VHF operational
modes are:

• Duplex voice with CSM or EVA
• Receive voice/bio-med from EVA-
• Transmit 1600 bits/sec .data to the CSM. - • .

The VHF B transmitter (259-7 me) is the only one capable of transmitting PCM data.
Either voice or data can be transmitted at one time (not simultaneously). The VHF
receiver (259-7 me) is the only, one capable of receiving EVA voice and bio-med data.
These are received simultaneously. The LEM/EVA operational modes can be summarized
as follows: • .

• Primary Mode :

o VHF B = 259.T me, duplex-EVA voice and bio-med to.LEM. (EMU)
o VHF A = 296.8 me, duplex voice only LEM to EVA

• Back-up Mode:

o VHF A = 296.8 me, duplex voice only EVA to LEM
o VHF B = 25.9.7 me, duplex voice only LEM to EVA ,. '

*

T h e LEM/CSM link v i a t h e antenna system ( n o hardline). . . . .

The signal Processing Assembly (SPA) consists of-the pre-modulation processor. (PMP)
and the two audio centers. The SPA provides the switching and processing for signals
within the communications subsystem. .

5.5.2.2.2. Antenna System. The LEM antennas applicable .to the Phase II Lab are:

• S-band steerable antenna - This is a 26-in. diameter dish antenna mounted on
the LEM. It is highly directional and is used for the AES lunar and syn-
chronous orbiting missions. ,. . .

• Two VHF in-flight antennas - These support the VHF link between the EVA and
Lab. These antennas are used for the CSM and Lab link when the vehicles are
separated. Only one antenna -is used at a time, the operational antenna.

. being selected by the astronaut. . .
• Two S-band in-flight antennas - These are used as a back-up system to the

S-band steerable antenna. For the AES Lab near-Earth orbiting missions, this
antenna system is the predominant one. Only one antenna can be used at a
time; the astronaut selects the antenna for operation.

To define antenna performance accurately, it is necessary to illustrate and define
the radiated signal strength distribution over the spherical, surface enveloping the
LEM. Figure 5-5-2 illustrates the LEM at the center of the radiation sphere and the
superposition of the rectangular and spherical coordinate systems used to describe
axitenna -performance. Also indicated are the .locations of reference points on the
two dimensional display of the spherical surface which describes antenna radiation .
distribution plots.- With this geometrical scheme., it is possible to determine the
effect of vehicle attitude on the Earth communication link. All the diagrams in ,the
further discussion of antennas angular coverage and radiation patterns use this ref-
erence coordinate system.



The S-band steerable antenna is a gimballed, circularly polarized antenna vhich has
a gain of 20 db. Angular coverage is approximately 330 by 150 deg (Fig. 5-5-3).
The angular coverage is predominately on one side of the LEM. Consequently, during
any Lab mission the vehicle may roll to a position requiring use of the S-band In-
flight antennas. For synchronous orbit missions, the in-flight antennas can be used
for only a limited number of communication operating modes. For the lunar orbiting
Lab, the .Earth link could be lost because of vehicle roll, since at lunar distances, .
the in-flight antennas cannot maintain the Earth link.

The S-band in-flight antennas are two circularly polarized log conical, spirals mount-
ed on the LEM ascent stage, one along the +Z axis, the other along the -Z axis.
Each antenna theoretically provides hemispherical radiation on each side of the vehi-
cle, producing spherical composite coverage. The specified radiated signal strength
distribution of these antennas is: "....gain shall be greater than -3 db with respect
to.right-handed circularly polarized isotrope over no less than 85$ of the sphere".
.The requirement of 85$ spherical coverage is met when the radiation patterns of each
antenna are superimposed over the sphere. . •";'. .

Figures 5.5-4 and 5.5-5 are composites of antenna model test radiation distribution
plots taken with the Apollo LEM at the transmitting and receiving frequencies.
The legs are extended and, although the Labs do not have landing legs, these same
interference effects may be created by typical experiments. Figure 5-5-6 is a plot
Of percent coverage vs .signal strength relative to an isotropic source. As indicat-
ed, there is greater than -3 db gain over 85$ of the sphere. These patterns sub-
stantiate use of the S-band in-flight antennas for Lab near-Earth orbiting missions.

The VHF in-rflight antennas are circularly polarized and have the requirement that
antenna gain be greater than -6 db with respect to a linear isotrope over no less
than 85$ of the sphere. The VHF antennas are used Tor the LEM/EVA and LEM/CSM (when,
separated) links. Although antenna test patterns are not presently available, early
Apollo experimental test patterns indicated radiation distribution similar to the
S-band in-flight antennas. These antennas are adequate for the Lab.

5.5.2.2.3 Ground Station Performance and Capability.

• 200-n.mi Earth Orbit - The following ground stations were used to determine
the available communication time (ground station coverage) for inclinations

. . of 28.5> 50 and 90 deg: Antigua, Ascension, Bermuda, Cape Kennedy, Carnarvon,
Grand Canary Island, Guam, Grand Bahama Island, Guaymas, Hawaii, and Corpus
Christi. These stations each utilize a 30-ft dish antenna capable of track-
ing the Lab up to 5-deg above the horizon. Since the tracking rate of the

. 85-ft dishes (3 deg/sec) at other ground stations encompasses the angular -
rate of a 200-n.mi Lab (approx 0.7 deg/sec), slightly greater ground cover-
age could be achieved by including these other ground stations (Canberra,
Goldstone, and Madrid).. . : •

.A computer program used for determining ground station coverage indicated the time
available for line-of-sight (LOS), communications to Earth from the Lab. An analysis
was also done to determine the corresponding operating time of the transmitter.

Figure 5-5-7 illustrates, the method used to develop Table 5-5-1- The "ON" step
indicates that the S-band transceiver equipment is On, but not in communications
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with Earth. This table summarize the communications time and equipment operating
time for the various Earth orbits. Figures 5-5-8 through 5-5-10 provide a detailed
communications timeline for each of the cases of interest.

• Lunar Orbiting Lab - All of the lunar orbits provide communications time to
earth at least equal to 50$ of the time. Since telemetry vill be transmitted
to earth at a bit rate either equal to or greater than, that recorded in the
Lab, the availability of communication time is not a-problem.

• Earth Synchronous Orbiting Lab - For this mission continous communication
time is available. Restrictions imposed by vehicle attitude vill govern the
time available for communication.

5.5.3 Recommended Configuration - -

The recommended configuration for the Lab maintains the Apollo LEM Communication
and Antenna Subsystems, with the following two minor modifications:

• Modified SPA to accommodate the hardline intercom
• Provision of an additional PCM data channel

These modifications and the resulting performance characteristics follow..

5.5.3.1 Modified SPA ,

The audio control center portion of the SPA -will be modified to accept the intercom
input from the CSM and to provide the Lab signal to the CSM (Fig. 5«5-ll)..

This system provides a variable output intercom system (ICS) amplifier for-each
vehicle. By turning down the ICS amplifier, the intercom can be disabled to allow
an astronaut to sleep undisturbed in the CM. The ICS amplifier may be turned up, .
and the astronaut in the CM aroused, if required. With this system, each occupant
can contact the other vehicle or carry on normal operation without disturbing the
routine in the other vehicle.

5.5.3.2 Additional PCM Data Channel

For the earth orbiting Lab missions, the data handling capabilities of the S-band
section may'be inadequate. To increase the data handling capability, an additional
data channel is provided by using the TV baseband spectrum of 0 to 500 kc. This
design approach is available because the AES TV requirements will be satisfied via
the CSM S-band RF link. The proposed system provides greatly extended Lab telemetry
capability with no modification to the communication subsystem.

Previously, a bit rate of k09.6 kilobits/sec (kb/s) had been selected for this addi-
tional data channel. A final value depends on further mission requirement analysis
and the equipment modifications that are acceptable. Figure 5.5-13 shows bit rates
(NRZ data) vs bandwidth for various bandwidth/bit rate ratios. Using the LEM/BR
value of 2.9U, the available LEM TV baseband bandwidth of 500 kc will provide a'
data handling, capability of 3^0 kb/s. Using the AES recommended value of 2.35, the
system provides a capability of UlO kb/s. It should be noted that the WRZ bit rate
is divided by 2 (bits/cycle) to obtain the fundamental, frequency of the data.



The .design approach is illustrated in Fig. 5-5-12 which reflects a recently incorpo-
rated change in the Apollo LEM-communication hardware. The figure shows the UlO-
kb/s data input in place of the .TV input for AES PCM data use. This method bypasses
the SPA and feeds the PCM.signal directly into the S-band FM modulator. The ma-
trixed signals from the PMP FM mixing network (PCM 51-2 kb/s and voice bio-med) are
fed through a high-pass filter to remove intermodulation distortion. This clean
composite signal is then combined with the PCM signal in the linear adder circuit
to form a new .complex composite signal. This signal is applied to the voltage con-
trolled oscillator (VCO.), where frequency modulation is. effected, i.e., the chang-
ing input signal volage yields a changing output, frequency from the VCO. This out-
put is then passed through a power FM limiter to remove any residual amplitude var-
iations and then proceeds to the S-band driver multiplier chain. .As indicated in
Fig. 5.5-12, no modifications to the equipment are required, and an additional FM
PCM data-channel of 1*10 kb/s is provided. The only requirement presently forseen
for this approach is the assurance of matched impedances at the present TV input
and compatible signal levels.. ' .- . •

5.5.3.3 Performance Characteristics

The AES Lab communication subsystem is illustrated in Fig. 5-5-1 and the operational
modes indicated in Fig. 5«5-l^« Frequency allocation is designated in Fig. 5>5-15«
The following operational formats are selected:

• PRN Ranging - This mode is on PM and involves a received and retransmitted
signal to ground (Paragraph 5.5.2.2.). The PRN ranging will not be requir-
ed when the Lab and CSM are docked. The CSM will provide -range information
via its S-band system. This will allow the Lab to use the full FM mode as
required when a large quantity of experimental data is being accumulated.

• Lab Spacecraft Status Data - This is transmitted by FM or PM on a 1.02l*-mc
subcarrier (51.2 kb/s normally) to ground when in LOS.

• Recorded Experiment Data •<• This data is transmitted by FM at the rate of
UlO kb/s over the TV baseband (0 to 500 kc) in place of the? LEM TV mode.

• Voice Bio-Med - Voice is received on a 30-kc. subcarrier from ground.
Astronauts' voice and bio^med are transmitted to ground simultaneously on a
1.25-mc subcarrier. This mode can include an EVA. A PM back-up mode exists
on the 0 to lU kc band. Bio-med of only one of the Lab occupants can be ac-
commodated at one time

The full FM mode consists of experiment data, status data, and voice/bio-med trans-
mitted simultaneously. The full PM mode consists of PRN ranging, status data, and
voice/bio-med transmitted simultaneously.

During EVA when the two vehicles are docked, the hardline intercom will be used for
the inter-vehicle voice link and the EVA astronaut will utilize the VHP link to
both Vehicles.

In addition to this general operational format, further consideration is given to
mission related circuit margins and antenna characteristics.

5.5.3.3.1. Mission Related Circuit Margins. Circuit performance margins were
determined for the 200-n.mi and sychronous Earth orbit missions, as well as the lunar
orbit mission. The analysis is that presently used on the Apollo LEM (LIS 380-
15Q06). The same modulation index is used for the additional data channel (1*10 kb/s)
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as that used for the LEM TV. In the analysis, assigned antenna gains.are 20 db for
the S-band: st.eerable and -3 db for the. S-band in-flight antennas. The listed
circuit performance margins are greater than .the S/N system requirements.

• 200-n.mi Altitude Orbit - A 30-ft dish antenna at the ground station is
assumed. .

o Full FM mode: PCM (UlO kb/s)/PCM (51.2 kb/s)/voice and bio-med

20 watts to steerable
C/N
S/N (UlO)
S/N (51.2)
S/N (voice, bio-med)
3A watt to steerable
C/N
S/N (iao)
S/N (51.2)
S/N (voice, bio-med)
20 watts to in-flight
C/N
S/N (klO)
S/N (51.2)
S/N (voice, bio-med)
3A watt to in-flight
C/N
S/N (409.6)
S/N (51.2) .
S/N (voice, bio-med)

+1*6.6 db
+58.9 db
+50.. 9 db
+49^2 db

+30 db
+k2.h db
+kk .h db
+32.6 db

antennas
+21.5 db
+33.9 db
+35-9 db
+24.1 db

antennas
+ 4.9 db
+17-3 db
+19-3 db
+ 7-5 db

o Full PM mode: PRN ranging/PCM .(51.2 kb/s)/voice '

- 3/4 watt to in-flight antennas
C/N . +42.3 db ' '
S/N (PRN) ' +25.3 db
S/N (51.2) . . +14.4 db
S/N (voice) +15.8 db

• Synchronous Orbit - The circuit performance margins presented are those for
a 30-ft dish antenna at the ground unless otherwise indicated. Where the
30-ft dish is used, the circuit margins can be updated for larger dishes by
adding 9 db for an '85-ft dish, and 18 db for the 210-ft dish.

o Full FM mode: PCM (1+10 kb/s)/PCM (51.2 kb/s)/voice and bio-med

20 watts to steerable
C/N + 6.6 db
S/N (Ul'O) .+18.9 db
S/N (51.2) " +10.4 db
S/N (voice, bio-med) + 9-2 db
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- 3A watt to steerable, 210- ft ground dish,.
C/N .' + 8.0 db
S/N (1+10) , +20. It db . .
S/N (51.2) ' • +11.8 db~' '• ' "
S/N (voice, bio-med) +27.2 db

- 20 watts to in-flight antennas, 210-ft ground dish
C / N . • ' . . - ' • ' - O . U d b . . ' " • ' "
S/N (1+10) +11,9 db
S/N (51.2). -'V ' . ..' + 3.3 db"
S/N. (voice, bio-med) . + 2 . 1 db

Q PCM mode: PCM (51.2 kb/s) /voice

- 3/1+ watt to steerable, 85-ft ground dish
C/N +38.8 db
S/N (51.2) . +10.8 db

. S / N (voice) ;.. .' ' +12.2 db ;
- 20 watts to in-flight, ;2iO-ft ground dish

C / N ' . ' . . . - . . +39.3 d b
: ' S/N (51. '2 ) ' ••-•••• -i -O-':-- +12-.J ;db- : / " - ' .

S / N (voice); ";';•;; , . ! ''^IS'.S d b .".- ; _ .

6 PM mode: PCM (1.6 kb/s)/vpi'ce, bio-med

20 .watts to steerable.
C/N • ' • • " ' • - . - '
S/N (1.6)
S/N (voice, bio-med)
3/1+ watt to steerable
C/N
S/N (1.6).
S/N (voice bior-med)
20 watts to in-flight
C / N . • " . • ' •
S/N (1.6)

+1+6. U db
+26.6 db
+23.9 db

+29.8 d b . . .
+ 9.9 db . ;

+ 7.3.db
antennas, 85-ft ground dish

+30.3 db
+10.5 db' .

S/N (voice, bio-med) + 7.8 db . '

These circuit performance margins illustrate the inherent flexibility for accommodat-
ing unfavorable vehicle attitudes.during, experiment operation. Communications, and
telemetry capability always exists for this mission.

• Lunar Orbit

.o Full FM mode: PCM (1+10 kb/s)/PCM (51.2 kb/s)/voice and bio-med

- 20 watts to steerable, 210-ft ground.dish
C/N . + 1+.6 db
S/N (1+10) +16.9 db -
S/N (51.2) +.8.1+ db
S/N (voice, bio-med) + 7.2 db
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o PM mode: PCM (51.2 kb/s/voice

20 watts to steerable, 85-ft ground dish
C/N .. ' +35.1+ db .
S/N (-51.2) - . ' ' . . + 8.8. db
S/N (voice) '' . ' + 9-5 db

o Full PM mode: PEN ranging/PCM (51.2 kb/s)/voice

- 20 watts to steerable, 210-ft ground dish
C/N +1*3.3 db
S/N (PRN) +23 ' db
S/N (51.2) . +1U db
S/N (voice) + 9.'3 db

Although this mission is limited in operational modes some operating flexibility is
made available because of the longer communication time available.

5.5.3.3.2 Mission-Related Antenna Characteristics. The antenna system is sensi-
tive to the Lab experiment payload package in that radiation can be obstructed and
destructive interference can be caused by multiple reflections. In addition, the
mated vehicle configuration can. produce unfavorable results. The proposed antenna
system can only be confirmed after antenna model tests.'

The EVA backpack antenna is a monopple with linear polarization. (Backpack has a
transmitting power of 75 mw. ) Since both the GSM and Lab have circularly polarized
antennas, there will be a variable power loss due to the differences in polarization.
The maximum one-way power loss vs voltage axial ratio.is plotted in Fig. 5-5-16.
The radiation distribution plot, in the vicinity of the descent stage and the_power
loss due to arbitrary polarization, will require analysis to insure that signal
strength is adequate to maintain thê .EVA link.

The data presented (antenna patterns and circuit margins) indicate that the S-band
in-flight antennas can be used as the' primary antenna system for the 200-n.mi
Earth orbit mission, thereby placing ,a minimum constraint on vehicle attitude.

5.5-^- Baseline Configuration .

The baseline configuration was based oh. using the PM mode for incorporating the
additional PCM data channel. 'This involved a modification to the PMP portion of the
SPA. Recent developments in the Apollo Program allow the use of the TV baseband in
the FM mode with no modification to the SPA.

The resulting'operational format changes, particularly for- the 200-n.mi Earth orbit
missions, are:

• FM is now the primary full operational mode for communications and telemetry.
• The Lab will provide PRN ranging only as a back-up to.the GSM (contingency

mode) or when the Lab and'GSM are separated.



(IV)5-117

5.5-5 Alternate Configuration - Coupled S-Band/VHF In Flight Antennas

The S-band in-flight antenna patterns and circuit margins presented earlier sub-
stantiate the use of these antennas for the 200-n.mi Earth ort>it missions. It
appears desirable to couple these, antennas and .remove the need for manual switch-
ing from one antenna to another.

A system of coupling the two antennas can be devised and developed. In particular,
systems of two, three, and four in-flight antennas were analyzed to determine their
radiation characteristics. Each system's antennas were distributed symmetrically
about the vehicle. Utilizing ray theory and vector summation, distribution patterns
were derived. These studies indicated that the two-antenna system is the more prac-
tical for the Lab missions. The circuit performance margins would allow the -3-db
loss. The radiation distribution for this system is shown an Fig. 5.5-17- A com-
puter program is being used to determine the pattern envelope in more detail and
accuracy over the regions ranging from 260 to 280 deg and 80 to 100 deg. Some
pattern scalloping should be realized in these regions. Determining the nature and
extent of the scalloping requires the vector summation to be taken over finer
intervals of 1 deg, whereas 5-d.eg intervals were chosen for the initial analysis.

Similarly, the VHF in-flight antennas could be coupled to remove the need for
antenna switching. Although the coupled VHF mutifiliar helix antennas were not
analyzed, an approach similiar to that used for the S-band antennas could be used.
The resultant determined radiation would not be as free from nulls as with the S-
band patterns, since early experimental tests indicated that the VHF radiation dis-
tribution contains null areas.

5.5.6 Alternate Configuration - S-Band Transceiver Cycling .

As stated previously, the preceding ground station will notify the Lab as to the
time interval of the next ground station contact. The S-band transceiver is then
cycled manually by the astronaut, or cycling may be provided automatically by the
addition of a timer-relay to the equipment. The astronaut could use this additional
component when required (intervals between ground stations greater.than 15 min).
The automatic cycling is more practical due to the anticipated amount of astronaut
activity during the Lab missions.

5.5.7 Alternate Configuration -.Addition of Internal TV Jack

The addition of an internal TV jack to the Lab will allow for TV transmission direct-
ly from the vehicle. TV transmission would be time shared with the UlO-kb/s data
channel in the full FM mode. Additional cables and switching would be required.

5-5.8 General Discussion and Conclusions

The recommended communications systems satisfy the requirements of the Lab. Table
5.5-2 summarizes the approaches to providing the additional data channel.
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Table 5-5-1

COMMUNICATIONS TIME

Orbit Alt, n.mi

Inclination, deg

Rev
No.

1

2

3

4
5

6

7

8

9
10

11

12

13
11*

15
16

17
18 -

19
20

21

22

23
24

25
26

27
28

29
30

31

32
33

34

35

36

37

38

39

40

Ul

k2

3̂
44

45
46

47
48

200

28-5

Transit
Time,
min

17-43

16.38

39-23

38.62

17-9

13.52

10.79

8-33

4.67

7.27

•6.7

2.92

7-1 •

21.23

24.44

29.85

27.89

33-31

36.22

32.76

19.45

11.96

7-19

4.22

13

14.72

0

6.54

16.89

24.29

25.66

26.41

33-35

34.87

38.25

29.4

13

9
12

12

8-5

9

5

15-5

21

26

T/R
On,
min

73

36

68

53

29

19

23-5

15
8

10.5

10

6

10-5

32

35

• 39

39
52

57

55

34

23

10.5

17-5

19
21

0

10

27

31-5

36

36.5

54-5

52

51

48

23

22

27

18

14.5

12

8

27

32

36.5

Per 46 Revs

Max. Comm Time Available,
rain . 833.76

Total Xcvr Time On, min 13&2.0

On-Off Cycles 68

2OO

50

Transit
Time,
min

0

8.96

17.88

33-2

14.5

. 10.75

3-66

6.28

6.36

7-51

7-27

10

7-35

17
11

14.5

13
18

19-1

22.16

23-3

6.8

2.76

7-5

0

11.78
16.5
7-3

14-37.

12-5

18.5

9-75

9

17-5

12.9

22.5

8.85

0

4-5

2.6

6.17

7.29

15-03

9-23

14.6

16.4

T/R
On,
min

0

19

39

49.5

17-5

14

7

9-5

9.- 5

10.5

10.5

16

' 13-5

23
14

17-5

19

32

37

32.5

38

10

6
10-5

0

18

25

10.5

20.5

18.5

21.5

16

15

33

27

34

12

0

7-5

4

11.5

10.5

21.5

19
18

22-5

Per 46 Revs

543-86

820.5

64

200

90

Transit
Time,
min

11

1-78

6.21

13-39

4.69

11.61

15-85

7-55

7-43

4.87

4.17

7-9

13.36

7.52

16.7

12

7-5

0

7-53

0

21.12

6.29

15.38

7-4

7.54

0

7.22

13-35

7-73

15
16

7-54

5-74

3-16

6.37

8

13-48

13-6

18

8

6.78

0

7.26

0

21.9
• 97

18.21

7-63

T/R
On,
min

14

5

9-5
22.5

15-5

18.5

20

10

10.5

8

7-5

14

19
11

23
' 18

11

0

11

0

29
16

22

10-5

11

0

10.5

19-5

11

22

22.J

11

9

6.5

10

17

19
20 -

25

11

10

0

10.5

0

29.5
4

24.5

11

Per 47 Revs

417.1

629.5

58
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Table 5.5-2

SUMMARY OF POSSIBLE MODES OF ADDITIONAL DATA TRANSMISSION

Mode Data Rate,
k-bits/sec"

Mods To be Determined or Reqd

.!.. PM

• On 500-kc baseband

1*02.6 To SPA • Ability of ground to
handle wideband data in
PM mode.

• Details of mod.

FM

• On 500-kc baseband
(RECOMMENDED)

U09.6 None Ability of ground to
track 200 n.mi.Lab in
FM mode.
Exact nature of added
hardware.
See Note.

Nut.e: It is assumed that the ground stations can process the FM wideband data
because of their ability to receive and process the Apollo TV signal.

_
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Fig. 5. 5-3 S-Band Steerable Antenna Angular Coverage on a Projection
of 2 Sphere



be

260 280 300
J Greater than zero db

320 340

/N N Zero to -3db

Less than -3db

• LEM Program: g

• Full Scale Frequ

• Predominant Pol
• Antenna Type: C<
• Model Scale: 1/6
• Model Scale Fre<



(IV)5-125/A26

180

120 140 160 180

Band System

ncy: 2101mc

rization: RCP

lical Log Spiral

lency: 12.6 Gc

+x +x +x +x +x

-z +Y +Z -Y -Z

-X -X -X -X -X

Fig. 5. 5-4 S-Band In-Flight Antenna Receive



180 240 300 320 340

20

200 220 240 260 280 300 320 340

I [Greater than zero db

Zero to -3db

Less than -3db

• LEM Program: S-Band S
• Full Scale Frequency: 22
• Predominant Polarization

• Antenna Type: Conical LA

• Model Scale: 1/6

• Model Scale Frequency: :



(IV)5-127//128

180

-100

-120

-140

160

180
100 .120 140 160 180

stem

2 me

RCP

g Spiral

3.7 Gc

+X

-Z
+Y

-+Z-

-X

-Y -Z

Fig. 5. 5-5 S-Band In-Flight Antennas Transmit



(IV)5-129

+6db

€
o*3db
&
o
CQ
I-H

CD

I

.Odb

a;

0)

atI

-6db

\

\

Antennas
Located at
Coordinates : +X 282.0, -f-Y 000.0, -Z76.0

+X 290.0, +Y 011.875, +Z 87.75

with Ascent & Descent Stages Mated

12.6 kmc (2101 me Full Scale)
13.7 kmc (2282 me Full Scale)

10 20 40 60 80
Percent Coverage, %

95 98 99 99.8

Fig. 5. 5-6 S-Band In-Flight Antennas, Percent Coverage



(IV)5-130

CO

2 _L
d
a
in
i-H
V

•^

a
CO CO

2 ii
I aT -rt

H

£
* &3

a
•2 £d co a &

a
m
iH

A

"§ S
en's 1=1 COs a 2 o
s l ts^
bo£.s

0)

•so

^̂ci

^̂
CDsa
eg
fl
oj
!H

H

•

S
0

S
p, i
=S CO

a <.s ac ^ a S
J_

' I ,•a 1
1 ' « o
d O u

fi /v>

5 ^ §

.2 d
M0
d -M
.2*8
•S1-1

m
 G

ro
u
n
d

 S
1

q
u
ip

m
e
n
t 

is
g
'

S H S

(n *3 *̂vw «*j _r N

« J.°rn (=T a
g'3 O
h " ̂
S in S

-BrH Oc
i— i f2 g)
<D § 0

f^|

2 S««5 <u o
^J H

•

0
TJ
O
<J

0)

a
H
t-i
If5



(iv)5-131

E S

s sess

£
o c S
O O O

I c 8
O O O

q:

C
O

c
•l-i
1— 4

O
c

CO
CM

O
O
CM

O
•t-l

O

'c
s
S
S
o
U
CO

in



(IV)5-132

o c S3
U O O

o

I
o
O
Oi

o
o
CM

CD

O
f-i

PH

§

O
•1-1

Is
o

01i
un

b



(IV)5-133

O

o

0
0
Oi

o
o
CM

I

0>
r—I

'o
&

S

So
u
o
1—I
I

in

bi

jAumman.



(IV)5-

ICS
Section

of
Audio
Centers

1

ICS
AMP

LEM CSM
LAB

ICS
AMP

i

.4

ICS
Section

of
Audio
Centers

Hardline Intercom

Fig. 5.5-11 CSM/Lab Intercom

FM
Out Terminal
to S-Band Equipt

PCM 51.2 kbs
Voice/Biomed

Signal Processor

Assembly ERA

r
L-T TV

410
kbs
Data

vco
Power
Limiting
Amp

S-band FM Modulator

S-Band Transceiver ERA
Driver
Multiplier
Chain

Recorded
Experiment
Data (Inst.)

r
To S-Band PA

J

Fig. 5. 5-12 Additional PCM Data Channel



(IV)5-135

i
CQ

.2
a

0)

m

N

T3 Oc rj

c _
ffl ffl
CO
1-4

I
Irt

bp

E

I I I I I I I I L_l L
o
o
o

o
o
oo

0
o
(O

o
0
Tj<

0
o
<N

o

oas/s;iq-5i ' ZHN

jJuunman.



(IV)5-136

Full
FM

PCM
410 kb/sec

«

Housekeeping
PCM

(Lo or Hi Bit)
r

500 kc

PM

PM

Voice & EMU Data
EMU
Voice

PM

Voice/Biomed

PCM
(Lo-Bit)

Voice/Biomed

Voice/Biomed

512 kc | 1.25 me

1. 024 me

Hi bit = 51. 2 kilo bits per second
Lo bit = 1.6 kilo bits per second Note:

Where Lo-Bit Rate is
Indicated,the Hi-Bit
Rate May be Substituted.

Fig. 5. 5-14 Lab Operation Modes



(IV)5-13T

2272.5 me
2287.5 me
Voice & PCM

Hardline Intercom
Voice

2106.4 me
Voice

fl
2282.5 me
Voice, Range, PCM,
Biomed,
PCM (Exper)

fj /f2 = 240/221

Earth

f 2 -
2101.8 me
Voice & Ranging

Fig. 5.5-15 Lab Frequency Allocation

lAumman.



(IV)5-138

17 -

15 -

Linear to Elliptic

PL (max) - 10 log (1 + R )

max

min

1 2 3 4 5 6 7 8 9 1 0

Voltage Axial Ratio (R),

Fig. 5. 5-16 Maximum One Way Power Loss VS Voltage Axial Ratio



, deg

(IV)5-139

90 270

\

Radiation. Distribution
.of Two S-Band In Flight
Antennas (Log Conical Spirals)
When Coupled and Fed
In Time Phase.

180
(-Z)

Key

One Conical Log Spiral
Two Conical Log
Spirals Fed in Time Phase
Simultaneously

Fig. 5. 5-17 Coupled Omni - Antenna Radiation Pattern



(IV)5-

5.6 INSTRUMENTATION

5-6.1 Ground Rules

The following is a list of ground rules used for the Phase "B" effort:

• The Lab Module carries its own Communications and Data Handling System
• There will be no data interface between the lab and the CSM.
• Video Transmission will be through the CM-S-Band Line (real time only)

5.6.2 Assumptions and Background Data

The following assumptions were used in standardizing an approach for the operation-
al and experiment acquisition sections of the Phase II vehicles:

• Any changes in the operational measurements will not exceed the present
Lunar LEM measurements.

; • Maximum utilization of the crew for redundancy monitoring and failure
: mode corrections/operations will be used.

• All Operational data will be presented to the ground during line-of-sight
mission phases only. (Real time)

• There will be no on-board recording capability for operational data.
• All vendor supplied experiments will provide their own signal conditioning

compatible with the AES experiment acquisition system.
• All experiment data will be considered "passive" for ground reduction (not

requiring real time display). On-board display of selected experiment
parameters will be available to the astronauts.

• The data record, dump or re-dump requirements will be the responsibility of
the astronauts and will not require any ground uplink control.

• All experiment data to be routed to other subsystems in addition to the
Instrumentation Subsystem shall be done so through separate outputs.

• Experiment data will be on-board recorded during periods of flight not
covered by line-of-sight.

• Experiment data set-up, pre or post calibration and operation will be on-
board controlled and will not require any ground uplink support capabili-
ties .

• Experiments requiring analog data recovery will utilize the analog portion
of the experiment tape system or it is assumed part of the experiment.

The primary function of the Operational Instrumentation Section is to acquire and
present spacecraft housekeeping data to the astronauts and ground monitoring
personnel (Fig. 5.6-1). In reviewing the measurement requirements of the standard
vehicle, it .was concluded that the existing LEM equipment would continue to fulfill
this task. The handling capabilities remaining are sharply limited and handling of
experiment data within the system cannot be performed for the following reasons:

1 • The Operational Section is tailored to support the spacecraft subsystems
and provides no provisions for growth.

• The present system offers no data storage or recording and would limit any
experiment operation,

• The remaining PCMTEA input channels are few and the experiments would be
required to conform to its fixed format.
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An.independent experiment data acquisition system was chosen to handle experiment
data (Fig. 5.6-2). Based on investigation of preliminary data requirements and
maximum use of existing Apollo.hardware, the use of a modified LEM PCMTEA has been
selected to provide the multiplexing, timing and encoding functions because it

• Has suitable mechanical configuration
. • Is qualified for expected environment
• Is capable of operating without external timing inputs
• Has diversity of data handling capability

The prevalence of experiment data acquisition requirements in the absence of
ground station coverage indicates the need for experiment data storage capabili-
ties . An investigation of available qualified flight tape recorders yielded the
result that two modified Apollo CM tape recorders can provide substantial data
storage capability for the support of Phase II experiments. Some of the major-
advantages of these recorders over the others investigated are that they:

Are existing Apollo hardware
Have in-flight reloading capability
Have suitable mechanical configuration
Are qualified for the expected environment
Accept LEM PCMTEA data directly
Provide data compression capability

The requirement for two recorders stems from the fact that the time duration of
data storage for some experiments exceeds the record time capability of a single
recorder. The loss of data during rewind and dump or possibly tape reloading
intervals is avoided by use of a second recorder.

5.6.3 Recommended Configuration

5.6.3.1 Spacecraft Operational Section

The recommended Operational Instrumentation Section for the Phase .II Lab is mainly
comprised of existing LEM assemblies having a certain built-in flexibility which
allows for some minor configuration changes. The measurements list (Table 5.6-8)
prepared for the standard vehicle was reviewed and analyzed to assure that the
changed support requirements would still be adequately covered using the existing
LEM system. A power and weight summary of the recommended configuration appears
in Table 5.6-1. '

5.6.3.1.1 Transducers. The sensors of the Phase II Lab convert the physical and
electrical phenomena of interest into a usable form for presentation to the astro-
nauts or ground station personnel. These measurements from the various subsystems
provide the majority of the input sources to the Operational Acquisition System.
LEM transducers exhibit the following characteristics:

• Light Weight (small volume)
• Low Power Consumption
• Deliver a high level output
• High accuracy
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New spacecraft subsystem measurement requirements demand additional transducers,
and consideration will be given first to LEM proven units. For any measurement
unique to the Phase II Labs -which requires a transducer not previously used on
LEM, new transducers will'be selected having similar characteristics as listed
above and will meet AES qualification standards. Preference shall be given to
transducers which have been developed for other space missions and have a high
level output, therefore requiring no additional signal conditioning. A summary
of the parameters to be measured on the Phase II Lab appears in Table 5.6-2.
Allocated transducer weight and power consumption is listed on the enclosed
measurements list (Table 5.6-8).

5.6.3.1.2 Signal Conditioning Electronic Assembly (SCEA). The SCEA as presently
designed for LEM, is a unit which conditions the signals from transducers and
numerous signal monitoring points throughout the spacecraft and properly routes
them to the Operational PCMTEA, Caution and Warning Electronics Assembly (C&WEA) or
on-board displays. The SCEA assemblies fulfills these basic functions:

• Acts as a junction and routing assembly for all analog measurements and
signals being monitored.

• Mechanically supports the signal conditioning sub-assemblies which
condition the measurement input signals.

The SCEA is comprised of two separate chassis assemblies. Each assembly can
accommodate up to twenty-four (2^).separate sub-assembly modules. Once the
measurements are determined for a given AES mission an analysis will be performed
on each measurement in order to assign a signal conditioning circuit to that
measurement. The total number of signal conditioning sub-assemblies for the
mission are then packaged into the two assemblies. The Phase II Lab measurements
list (Table 5.6-8) reflects deletion of some existing LEM measurements and the
addition of new measurements required for the AES. A review of this listing
indicates that the changing requirements for measurements can still be accommodated
within the existing SCEA using adapation techniques presently employed by LEM. No
modification to either the assembly or its sub-assemblies, as now used by LEM is
anticipated, based on the measurements summarized in Table 5-6-3. However, each
unit will require a new configuration of sub-assemblies. In the SCEA:

• Sub-assembly circuits are bench calibrated and adjusted for each measure-
ment.

• Input signals are grouped in sub-assemblies by types of conditioning
required, not by subsystem, therefore the elimination of a vehicle sub-
system does not preclude the deletion of any modules.

5.6.3.1.3 Caution and Warning Electronic Assembly (C&WEA). This assembly advises
the astronauts of the spacecraft subsystem status by continual monitoring of
critical parameters. During the mission the C&WEA performs two basic functions:

• The caution function advises the astronaut of a malfunction which requires
his action to correct

• The warning function advises the astronaut of crew safety items requiring
immediate action.
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The C&WEA accepts inputs from the SCEA or pre-conditioned signal sources from the
subsystems. These inputs are compared to preset reference.signals within the
C&WEA to detect out-of-tolerance conditions. When an out-of-tolerance condition
exists, an appropriate indication is initiated. The C&WEA as now used for the
Lunar LEM operates on discrete voltage changes or switch closures. Deletion of
some subsystems from the Phase II Labs will make available some monitoring • •
channels for the additional subsystem requirements. . .

5.6.3.1.k Pulse Code Modulation and Timing Electronic Assembly (PCMTEA). The .. ,
PCMTEA in the recommended, configuration consists of an unmodified Lunar LEM
assembly. The data acquisition capability of this unit include the multiplexing, ••
encoding, and timing of high-level analog, parallel digital, and serial digital
data. The number of channels, sampling rates, and word lengths for each of.the'
three data forms are presented in Table '5.6-̂ . The-unit operates at a normal data ;.-.
rate of 51>200 bits per second and a reduced data rate (commanded remotely) of
1,600 bits per second. The PCMTEA will operate as it does in the Lunar LEM
including accepting a time reference from the LEM Guidance Computer and providing
various timing signals to interfacing subsystems. The NRZ(C) data output is
routed to the Communications subsystem for real time transmission. Operation of
the PCMTEA. in the reduced data rate mode is not-anticipated in Phase II missions.

5.6.3.1.5 Voice Storage Recorder. This magnetic tape re.corder, originally
referred to as the "Data Storage Electronics Assembly", provides a time correlated
voice recording of comments and conversation between the astronauts during EVA's.
This assembly employs automatic sequential record head switching with four tracks
to provide up to a total of 10. hr of recording time. The compact recorder is
generally used with voice actuation circuits to run only for a required recording ;

time. The recorder is used:'

• To support egress from CM to module
• To support EVA's ,
• To record comments of vehicle status when off station coverage
• To record proprietary information ' .

5.6.3.1.6 Operational Measurements. The measurement requirements for the Phase
II Lab are shown in Table 5.6-8.These measurements were initiated by the various
AES-LEM subsystems, reviewed by the operations section to assure proper and com-
plete checkout support, compared against the mission objectives (to assure adequate
coverage), and used as the basis for sizing the Operational Instrumentation Acqui-
sition Section. A summary of these measurements is found in Table 5«6-2, which
reflects the various types of instrumentation required and the -quantities requested
for each of the vehicle's subsystems. These measurements support the Spacecraft's
performance and management plus providing sufficient information to:

Enable normal spacecraft operations to be performed
• Provide the capability for decision making by the astronaut
Monitor crew safety functions.
Provide status of expendable items
Provide status of operational events

An Apollo Biomedical .System Supports EVA's by monitoring such items as electro-
cardiograms and impedance pneumograms (respiration) with associated power convert-
ers, vest, harness and electrodes. This information is transmitted via the VHF
link to the.CM or the Lab for re-transmission to Earth. During the on-board stay
however, only the electrocardiogram is monitored for transmission to Earth.
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5.6.3.2 Experiment Instrumentation Section

The Experiment Instrumentation Section is an independent section of the Instrumen-
tation Subsystem which offers the capability for acquisition and storage of
experiment data. The Experiment/Pulse Code Modulation and Timing Electronic
Assembly (E/PCMTEA) provides the acquisition capability, and the Experiment/Data
Storage Equipment (E/DSE) provides the data storage capability. The -weight and
power requirements of this section are presented in Table 5.6-1.

5.6.3.2.1 Transducer and Signal Conditioners. The Experiment Instrumentation
Section accepts isolated preconditioned signals only. All transducers, signal
conditioners, and isolation buffers required in support of an experiment are
considered to be provided by the experiment package. The isolation requirements
fall into two basic categories:

o Outputs to Other Subsystems: All signals to be monitored by other
subsystems in addition to the Instrumentation Subsystem shall be
presented to the Instrumentation Subsystem through a separate isolated
output.

o Multiple Signals: The isolation between signals and signal grounds to
be monitored by the E/PCMTEA shall conform with the LEM PCMTEA input
requirements.

5.6.3.2.2 Experiment/Pulse Code Modulation.and Timing Electronic Assembly
(E/PCMTEA). In the recommended configuration the E/PCMTEA consists of a LEM
assembly with format and data rate modifications. The unit operates at a normal
bit rate of 51.2 kbps and a modified reduced bit rate (commanded remotely) of
12.8 kbps. The 5L2 kbps increased input format is expanded by the separation of
formerly redundant multiplexer gates. The 12.8 kbps RATE replaces the 1.6 kbps
RATE of the standard LEM unit. The number of channels, sampling rates, and word
lengths available for each of the three data forms are presented in Table 5.6-5.
Although an optimum 12.8 kbps format cannot be finalized until more information
becomes available on the specific experiment requirements for Phase II missions,
the possible format presented is useful in indicating the increased capabilities
offered by this modification. A major advantage of the 12.8 kbps data rate is
that the data handling capabilities of the Experiment/Data Storage Equipment are
significantly improved (see Paragraph 5.6.3.2.3). The E/PCMTEA will operate
independent of an external timing reference. When operating in this fashion the
timing stability is accurate to two parts per million. The NRZ(C) data output is
routed either to the FM Modulator of the Communication Subsystem for direct trans-
mission, or to the E/DSE for data storage, depending upon the ground station cover-
age available at the time.

5.6.3.2.3 Experiment/Data Storage Equipment (E/DSE). The E/DSE consists of two
identical Experiment/Data Storage Units (E/DSU - 1 and E/DSU-2). Each E/DSU is a
basic Apollo GSM Block II tape recorders which have been modified as follows:

• Operate from the LEM single phase AC power rather than three phase source.
• Record NRZ(c) data on 9 digital tracks (8 data and 1 clock). By increasing

the number of digital data tracks from four to eight, the record speeds
can be halved without increasing the bit packing density requirements (per
track) of the recorder. Decreasing the record speeds increases the
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available record time for the fixed length of tape. This increase in
record time -will either decrease or eliminate (depending on specific
mission profiles and ground station coverage) the requirement for in-flight
tape reloading. The additional four digital tracks will be obtained by
converting four of the analog tracks presently available in the CSM
recorders for digital use.

• Record 51.2 kbps data at 7-5 ips. The present CSM Block II tape recorders
record 51-2 kbps data on U tracks (plus 1 clock track) at a tape speed of
.15 ips. Under this condition the bit packing density is 853-3 bits per
inch per track (51.2 kbps/U tracks X 1/15 ips = 853.3 bpi/track). By
doubling the number of data tracks and halving the record speed, the bit
packing density remains the same (51.2 kbps/8 tracks X 1/7-5 ips = 853-3
bpi/track).

• Record 12.8 kbps NRZ(C) data at 1.875 ips. The present CSM Block II tape
recorders record 1.6 kbps data on four tracks at a tape speed of 3-75 ips
which results in a packing density of only 106.7 bpi/track, well below the
capability. By recording 12.8 kbps data on 8 tracks at a tape speed of
1.875 ips, the packing density increases to 853-3 bpi/track, the same as
encountered \jith 51-2 kbps recordings. Under this scheme, the tape
recorders are operating at their maximum capability at either of the two
data rates, thus minimizing tape and maximizing data storage capabilities.
This modification is extremely attractive and each recorder will be
capable of providing k hr of uninterrupted recording at a data rate of
12.8 kbps. The E/PCMTEA, operating with an optimum 12.8 kbps format,
should be -capable of supporting many of the Phase II experiments at this
data rate.

• Dump NRZ(C) data at 60 ips. The output data rate of the recorders when
dumping at 60 ips is U09.6 kbps for each of the above recording modes.
With this modification a fully recorded tape (12.8 kbps -for h hr or 51.2
kbps for 1 hr) can be dumped in 8 rain.

• Be capable of driving a remote tape quantity display. This modification
provides a visual reference by which an astronaut can determine the
available record time available on a reel of tape. It also provides a
data location index thereby enabling an astronaut to initiate the dumping
or redumping of specific portions of a given recording.

• Elimination of automatic dump speed selection electronics. With the
inclusion of the fifth modification above, the dump speed is fixed at
60 ips .

As indicated in Fig. 5.6-2 the E/PCMTEA NRZ(c) output (including a data rate timing
signal) is routed to the E/DSE through a remotely activated switch (PCM record
select). The appropriate E/DSU is placed in the record mode at a tape speed
compatible with the E/PCMTEA data rate; (Low 1.875 ips) for 12.8 kbps and normal
(7-5 ips) for 51.2 kbps. When a recording is to be dumped, the appropriate E/DSU
output is routed to the Communications Subsystem (SPA) by means of a second
remotely activated switch (data output select). While one tape is being dumped
it is possible to continue recording experiment data on the second recorder. With
the aid of an appropriate handtool, each E/DSU can be reloaded in flight within
the record time capability of the other recorders. The requirement for in-flight
reloading, however, is not anticipated on the majority of Phase II missions due to
the increased data storage capability provided by the aforementioned modifications.
Each E/DSU is capable of recording one channel of analog data directly, with
provisions for the addition of four more analog channels, if required. The
Communication Subsystem in its present configuration cannot simultaneously support
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both digital and analog data from the experiment section. Therefore, no provisions
are made for the routing of the E/DSE analog outputs to the FM Modulator. Analog,
recordings will be physically returned cia the CM. A summary of the E/DSE data
handling capabilities is presented in Table 5.6-6.

The external controls for the E/DSE are located in the Controls & Displays Sub-
system. Switches actuate the appropriate relays in each E/DSU to provide the
following operating modes :

• Electronic Control
o Record - energizes record electronics
o Off - de -energizes E/DSU electronics
o Dump - Energizes reproduce electronics

• Direction Control
o Forward - starts tape moving in forward direction
o Stop - stops tape in any direction
o Reverse - starts tape moving in reverse direction at 120 ips and

de -energizes electronics
• Speed Control

o High - Commands E/DSU to move taps at 120 ips
o Normal - Commands E/DSU to move tape at 7.5
o Low - Commands E/DSU to move tape at 1.875

The E/DSE also provides internal controls in each E/DSU as follows :

• Internal protection against altering recorded data in rewind mode
• End-of-tape sensing and automatic transport shut off in both directions

without loss of tape threading
• Interlocks to prevent erroneous or damaging operation of the E/DSE

5.6.*4- Baseline Configuration

5-6.14--.1 Spacecraft Operational Section

The baseline configuration used for the Phase II Lab is the same as the recommend-
ed configuration.

5. 6.14-. 2 Experiment Instrumentation Section

The E/PCMTEA portion of the baseline 'configuration is identical to that of the
recommended configuration. The E/DSE in the baseline configuration is the same as
that described under the alternate configuration below-except that 12.8 kbps data
is recorded at 3-75 ips rather than 1.6 kbps data normally recorded at this speed
and except that the single phase motor mod. has not been incorporated.

5.6.5 Alternate Configuration

5.6.5.1 Spacecraft Operational Section

There were "no alternate configurations studied because the existing LEM system can
satisfactorily perform all the described tasks.
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5.6.5.2 Experiment Instrumentation Section

The alternate configuration of the Phase II Experiment Instrumentation Section is
identical to the Phase I recommended configuration. The alternate configuration
consists of the following:

5.6.5.2.1 Transducers and Signal Conditioners. Identical to the requirements
described under the recommended configuration presented above.

5.6.5.2.2 E/Pulse Code Modulation and Timing Equipment. The E/PCMTEA, in the
alternate configuration consists of an unmodified lunar LEM assembly. The data
acquisition capability of this assembly includes the multiplexing, encoding, and
timing of analog, parallel digital, and serial digital data. The unit operates at
a normal bit rate of 51>200 bits per second. The number of channels, sampling
rates, and -word lengths available for the three data forms are presented in Table
5.6-4. The E/PCMTEA -will operate independent of an external time reference. When
operating in this fashion the timing stability is accurate to two parts per
million. The KRZ(C) data output is routed either to the FM Modulator of the Communi-
cations Subsystem for real time transmission, or to the E/DSE for data storage, de-
pending upon the ground station coverage available at the time.

5.6,5.2.3 E/Data Storage Equipment. The E/DSE consists of two idnetical Experi-
ment/Data Storage Units (E/DSU-1 & E/DSU-2). Each E/DSU is an Apollo GSM Block II
tape recorder which has been modified as follows:

• Operate from the LEM single phase AC power rather than three phase source.
• Dump 51.2 kbps NRZ(c) data recorded at 15 ips at an output rate of kOS>.6

kbps (ie 120 ips). The implicit 8:1 data compression ratio is needed since
the 51.2 kbps record time requirements greatly exceed the ground station
coverage on many of the Phase II flights. The modification sharply reduces
the necessity for in-flight tape reloading and physical return of recorded
tape via the CSM.

• Be capable of driving a remote tape quantity display. This modification
provides a visual reference by which an astronaut can determine the avail-
able record time available on a reel of tape. It also provides a data
location index thereby enabling an astronaut to initiate the dumping or
redumping of specific portions of a given recording.

• Elimination of automatic dump speed selection electronics. With the
inclusion of the second modification above, the dump speed is fixed at
120 ips.

As indicated in Fig. 5.6-2 the E/PCMTEA KRZ(c) output (including a data rate timing
signal) is routed to the E/DSE through a remotely activated switch (PCM record
select). The appropriate E/DSU is placed in the record mode at a tape speed com-
patible with the E/PCMTEA data rate; Low (3-75 ips) for 1.6 kbps and normal (15
ips) for 51.2 kbps. When a recording is to be dumped, the appropriate E/DSU output
is routed to the Communications Subsystem (FM) by means of a second remotely
activated switch (data output select). While one tape is being dumped it is
possible to continue recording experiment data on the second recorder. With the
aid of an appropriate hand tool, each E/DSU can be reloaded in flight within the
record time capability of the other recorder. Continuous recording is possible,
therefore, under conditions where the total E/DSE record time capability is
exceeded by the time interval between available ground station coverage. Each
E/DSU is also capable of recording experiment analog data directly. The



Communication Subsystem in its present configuration cannot simultaneously support
both digital and analog data from the experiment section. Therefore, no provisions
are made for the routing of the E/DSE analog outputs to the FM Modulator. Analog

- recordings will be physically returned via the CM. A summary of the E/DSE data
handling capabilities is presented in Table 5.6-7.

The external controls for the E/DSE are located in the Controls & Displays sub-
system. Switches actuate the appropriate relays in each E/DSU to provide the
following operating modes.

• Electronic Control
o Record - energizes record electronics
o Off - de-energizes E/DSU electronics
o Dump - energizes reproduce electronics *

• Direction Control
o Forward - starts tape moving in forward direction
o Stop - stops tape in any direction
o Reverse - starts tape moving in reverse direction at 120 ips and

de-energizes electronics
• Speed Control

o High - Command E/DSU to move tape at 120 ips
o Normal - Commands E/DSU to move tape at 15 ips
o Low - Commands E/DSU to move tape at 3.75 ips

The E/DSE also provides internal controls in each E/DSU as follows:

• Internal protection against altering recorded data in rewind mode
• End-of-tape sensing and automatic transport shut off in both directions

without loss of tape threading
• Interlocks to prevent erroneous or damaging operation of the E/DSE

5.6.6 Potential Modifications (Per Flight)

5.6.6.1 Spacecraft Operational Section

There are no recommended modifications envisioned for this vehicle based on a
review of existing measurement requirements and the capabilities of the existing
system.

5.6.6.2 Experiment Instrumentation Section

The wiring between the inputs of the Experiment Instrumentation Section and the
data outputs of the experiments will have to be designed for each specific flight.
Other potential pre-flight modifications involve changes to the input format of the
E/PCMTEA in order to comply with unusual experiment data requirements.

5.6.7 Discussion of Configuration Choices - (Experiment Instrumentation Section)

A comparison of the capabilities of the alternate and recommended Experiment
Instrumentation Section configuration points out these significant differences
between the two approaches. The substitution of a 12.8 kbps data rate in place
of the 1.6 kbps greatly increases the data handling capacity of the equipment.
The limited capability of the 1.6 kbps format indicates that it will be capable
of handling a minimum number of experiments. On the other hand, the 12.8 kbps
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approach provides a substantial increase in data acquisition capacity and should
be capable of supporting most of the experiments. Therefore, the recommended
configuration will be operating at 12.8 kbps in many instances where the alternate
configuration, due to the limited capacity of its 1.6 kbps format, would be
operating at 51-2 kbps. The increased acquisition efficiency of the recommended
configuration substantially enhances the data' storage capacity of the E/DSE. The
recommended E/DSE can record 12.8 kbps data for h hrs per E/DSU (Total of 8 hrs
continuous recording). At 51.2 kbps, the alternate E/DSE maximum record time is
30 min per E/DSU. For any severe cases where the 12.8 kbps format cannot support
the experiment requirements, the recommended E/PCMTEA provides a 51.2 kbps format
which, has an increased data acquisition capacity over the alternate E/PCMTEA, by
the modification to delete the internal multiplexer redundancy. The advantage of
the alternate configuration lies in the fact that it is identical to the Phase I
recommended configuration.
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Instrumentation

Propulsion - Ascent

Propulsion - Descent

Reaction Control
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Totals

1. P.&W. Fuel Cells (2) were used fo:
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Table 5.6-U

OPERATIONAL PCMTEA INPUT DATA CAPABILITY
(This config also used as alternate E/PCMTEA)

Data Format: 51,200 bits/sec Output Rate

Data Form

Analog - High Level

Digital - Parallel

.

Digital Serial

TOTAL

No.
Channels

5
IT
6

35
1ST

1
3
It
1
37

1
1

21*8

Samples/sec

200
100
50
10
1

200
100
50
10
1

50
50

bits /word

8
8
8
8
8

16
8
8
8
8

IK)
2U

vords/sec

1000
1700
300
350
137

Uoo
300
200
10
37

250
150

U831*

Partial Format: 1,600 bits/sec Output Rate

Analog - High Level
Digital Parallel .

59
15

1
1

8
8

59
15

Note: The low bit rate format of the LEM PCMTEA is presently
undergoing design changes. The input capability pre-
sented here is incomplete and will be expanded when the
design is finalized.

* Normalized to 8 bit words.
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Table 5-6-5

E/PCMTEA INPUT DATA CAPABILITY

Data Format: 51,200 bits/sec Output Rate

Data Form

Analog High Level

Digital Parallel

Digital Serial

TOTAL

No.
Channels

1
22
8
5̂

195

1
h
5
l
5̂

1
1

3̂

Samples/sec

200 •
100
50

. 10
1

200
100
50
10
1

50
50

bits/word

8
8
8
8
8

16
8
8
8
8

. Uo
24

Words/sec*

lilOO
2200
Uoo
5̂0
195

UOO
1*00
250
10
5̂

250
150

6159

Possible Format: 12,800 bits/sec Output Rate

Analog High Level

Digital Parallel

Digital Serial

TOTAL

2
16
20
60

2
1
7
30

1

139

100
50
10
1

50
10
10
1

10

8
8
8
8

8
16
8
8

2U

200
800
200
60

100
20
70
30

30 „. ̂

1510

* Normalized to 8 bit. words
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Table 5.6-6 E/DSE DATA HANDLING CAPABILITY

The E/DSE consists of two E/DSUs each with the following capability:

• Record/Dump one channel of NRZ (C) E/PCMTEA data including data rate
clock.

Nine tracks; serial data is converted to parallel and stored on eight
tracks. A synchronization signal is stored on the ninth track.

• Record one channel of analog data (one track).

• Has provisions for the addition of four additional analog channels
(four tracks).

Data Form

No. Channels

NRZ (C) & Clock

1 (9 tracks)

Analog

1 (1 track)

Data Rate

Record Speed, ips

Record Time, hr

Dump Speed, ips

Dump Time, min

Dump/Record Ratio

Dump Data Rate, kbps

12.8kb/s

1.875

60

8

32:1

U09.6

51.2kb/s

7-5

12.5 cps to
3,125 cps*

1.875

25 cps to
12,500 cps*

7-5

60

8

8:1

. RECORD ONLY

Analog recordings are
physically returned to
Earth via GSM.

.6

*Analog frequency responses are estimated.
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Table 5.6-8
MEASURMENTS LIST

x x x x x x x x x x x

X LFM-A' :S X

X PHASH 2 X

X BASf:LINE X

X E . O . L A 6 X

X PHASE B FiJRM A X

X X X X X X X X X X X

PAGE NUMBER 1
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Ô
_J

z
o

1- t-

! t_l l_)

5: o
UJ -1
CL

^ 0
00 Z

i, •

s:
«a
Z

UJ

C: Q
— O '

o f
Q-
D

K

Ô
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5-7 CONTROLS AND DISPLAYS

5-7.1 Ground Rules

• The required Lab displays should be incorporated with a minimum of modifi-
cation to the existing console layout

• Maximum use should be made of LEM type controls and displays for modifica-
tions and new equipment employed in the Lab

5-7.2 Recommended Configuration

Requirements for the Phase II lab differ only slightly from the present LEM and in
general, the required displays are incorporated in the basic Lab configuration with
a minimum of console modification.

The following LEM controls and displays, or modification thereof, are recommended
for integration into the Phase II Lab:

o Navigation and Guidance (modified)
o Stabilization and Control
o Reaction Control
o Instrumentation (modified)
o Communications
o Electric Power (New)
o Environmental Control (modified)
o Caution and Warning

The mission-oriented controls and displays are grouped as follows:

o Biomedical
o Behavioral
o Radiation Monitoring
o Communications Hardline
o Data Handling Package

Figure 6-3-2 shows the Commander's and System Engineer's controls and displays.
On the Commander's side:

o Panel number h consists of circuit breaker panels that have circuit
breakers for instrumentation, flight displays, subsystem displays,
Electrical Power Subsystem, Stabilization and Control, internal
lighting and signal sensors.

o The audio controls, (Fig. 5-7-1 & 5-7-2B), enable the audio center to
accept received S-band and VHF/AM voice transmission and to route
microphone amplifier outputs -from within the Lab to the premodulation
processor for S-band and VHF/AM equipment. The controls also enable
reception and transmission of voice signals via the intercom system,
establishing a voice conference capability between the extravehicular
astronaut and the astronaut in the Lab, and provide power to the voice
operated transmission (VOX) -control circuitry in -the audio center.

o The abort guidance panel #12, (Fig. 5-7-3) provides backup for the
Guidance and Navigation Subsystem, using the Lab guidance computer

for automatic guidance for aborts.
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o The Commander's lighting control panel #7 (Fig. 5-7-^).controls the'side
console lighting, integral lights and the dome light.

o The Stabilization and Control panel #3 (Fig. 5-7-5) permits selection of
five modes of attitude control. The automatic mode provides fully
automatic attitude control. The attitude hold mode is the primary mode
for operating experiments with pointing requirements. The -rate command
mode is the same as the attitude hold mode, except it does not provide a
neutral position. 'The pulse-mode is an open-loop attitude control mode
providing full RCS jet thrusting for attitude changes in all three axes.

The Flight Director Attitude'Indicator-displays the' attitude, -attitude rates, and
attitude errors of the Lab, in all three axes: ' - '

• The clock & event timer are controlled- from panel 1, (Fig. 5-7-^0 and are
displayed on panel 1 (Fig. 5.7-1).
o The warning indicators (Fig. 5-7-1) warn of an emergency malfunction re-

• quiring immediate action. Lighting of a warning indicator (red' lights)
is accompanied by an audible tone in the astronaut's headset. There are
also master alarm switches which light up when a malfunction occurs.
Pushing either button will stop the audible tone.

Systems Engineer's Panel:

- • The caution indicators, yellow lights, (Fig. 5-7-6) alert the astronaut to
a situation or malfunction which requires attention but is not critical at
the moment. When the caution lights 'indicate a malfunction, the two master
alarm switch lights .and the "audible tone both function. The master alarm
switch lights are extinguished, and the audible tone is silenced, by pressing
either master alarm switch light.

• • The Reaction Control panel #2 (Fig. 5-7-6) contains the following controls
and displays:
o Temperature and pressure indicators for the helium, fuel, and oxidizer

tanks,'and fuel or oxidizer manifolds of system A and system B.
o An additional set of oxidizer and fuel quantity indicators to give

separate quantity measurements of the additional parallel tankage system.
This will give the astronauts the individual percentage of fuel and
oxidizer quantities in each tank (System A,B,), or by adding the two
it will give the total percentage of oxidizer and fuel quantities of
System A or System B. System A and System B switches and status flags
indicate the status of their respective latch-type solenoid valves,
four regulator switches and two main shutoff switches.

o The thruster pair switches and status flags consist -of eight 3-position
status flags that indicate the status of their pair of latch-type
solenoid valves, and. eight -thruster pair switches.

o The crossfeed switch controls two latch type, solenoid-operated fuel and
oxidizer valves that interconnect the propellant valves of system A and
B.

o The test switch is used to check for a leak in the line downstream of
the TCA isolation valves

• The Environmental Control panel #2 (Fig. 5.7-6), contains the following
controls and displays:
o Suit/cabin temperature and pressure indicators
o Displays of carbon dioxide partial pressure in the suit circuit
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o Glycol temp/press indicator display temperature and pressure of the cool-
ant in the heat transport section

o Gaseous oxygen pressure-water and gaseous oxygen quantity displays gaseous
oxygen pressure, gaseous nitrogen pressure, water quantity and gaseous
oxygen quantity

o Suit fan select switch, which selects an operating fan (l or 2) and a
failure light with each position.

• The Systems Engineer's panel #11 (Fig. 5-7-2B); consists of a Communication
Panel, Communications Antennas Panel and Data Handling display.

• The Communications Panel has switches and controls that start the operation
of the S-band, VHF/AM, emergency key, telemetry control, tape recorder, and
selection of backup S-band equipment. The VHF/AM control selects simplex or
duplex voice operation; a squelch control establishes the degree on noise
limiting in the operating duplex receiver. The telemetry controls permit
high-or-low-bit rate premodulation processor transmission. The keyer is en-
ergized by setting the EMER. KEY switch to ON. Provisions for a hardline c
communications to the CSM for both astronauts have been incorporated enabling
either astronaut to talk directly to the CSM.
o The Communication Antennas Panel has indicators, selector switches and the

pitch and slew control switches for pointing the S-Band steerable antenna
toward Earth. The VHF switch selects either of two inflight omnidirection-
al antennas. The S-band switch selects either the steerable antenna or..
S-Band in-flight antenna.

o The Data Handling Panel #11 (Fig. 5«7~2B) consists of a display for a modi-
fied PCM and two tape recorders. The tape recorders have a two-speed
switch and digital readouts of tape remaining and a record/dump switch.

o The Systems Engineer's Lighting Control Panel #3 (Fig. 5-7-5) consists of
exterior lighting switch, lamp tone test switch, docking light and recog-
nition lights. Fig. 5-7-7 shows the Systems Engineer's circuit breaker
panels that have circuit breakers for interior lighting, Reaction Control,
Electrical Power, Environmental Control, and Communications Subsystems.

o The System's Engineer controls the Electrical Power distribution panel
(Fig. 5-7-2A), which receives power from two fuel cells and one peaking
battery. The monitoring displays for the fuel cells are as follows:
DC volts, DC ammeter, R^, 0,~ flow and pressure meters, fuel cell purge,
AC inverters, pH and AC volt warning lights, N2, 02 and- RQ regulator
out pressure warning lights, overtemperature light and fuel cell
temperature monitor.

o The fuel cell controls allow the fuel cells to be put in normal, off,
or standby mode. The standby position allows a fuel cell to remain on,
but disconnects .it from the bus. The normal position connects the fuel
cell on the bus. For each fuel cell there is one status flag to indicate
when the fuel cell is on the bus.

•o The crew safety package located on panel #1 (Fig. 5 -7-l).> displays respira-
tion rate, heart rate and cabin radiation level, the minimum requirements
for crew safety.

The following systems and subsystems have been slightly modified or deleted to meet
mission requirements:

o Main Propulsion
o Navigation and Guidance
o Engine Thrust Controls
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• Environmental Control
• Electrical Power
• Explosive Devices • • • •

Both ascent and descent propulsion subsystems have "been deleted, to comply with the
mission definitions of the basic Lab. The engine thrust controls work in conjunction
with the Main Propulsion System and are therefore also deleted. The panel area left
vacant by the .propulsion and engine thrust will become available for experiments.

Since Navigation and Guidance has deleted the primary guidance systems there is no
need for the GASTA or DSKY computer. There is only one FDAI in the recommended Lab,
therefore, the abort guidance system handles GASTA error correction duties.

The radar (both rendezvous and landing radar) has been deleted, since the Lab is an
earth orbiter and will not perform a landing rendezvous or docking maneuver. The
radars can be added as a per-flight modification when required for experiments.

The Heater Control Panel#3 (Fig. 5.7-5), has been modified to accommodate the S-Band
heater controls and the removal-of the radar heater controls.

Due to the deletion of the main propulsion ascent and descent engines, the ascent
feed switches and lights are removed from the Reaction Control Subsystem.

The Electrical Power Subsystem has been modified to use fuel cells because of
increased power requirements for the mission. Each fuel cell must be controlled
individually, therefore it is necessary to redesign the controls and displays for
two fuel cells and one Peaking Battery.

The explosive devices have been slightly modified to reflect the changes in the
systems on board. Explosive devices for the landing gear, ascent pressure, ascent
tankage and descent pressure are removed.

The Environmental Control Subsystem has removed the two ascent and one descent HpO
tanks and has replaced them by the CSM Water Management System. The descent GOX
tank has been filled with N? and the ascent GOX tank acts an an
accumulator. Therefore, it oecomes necessary to monitor the N2, Op and HpO
pressures by modifying the quantity monitor select switch and 0? pressure indicator.
This will permit monitoring the pressures in each tank.

The circuit breakers (Fig. 5-7-7 and 5-7-8) have been added or deleted in accordance
with system and subsystem modifications. The extra circuit breakers will be
utilized by experiments.

The display and control functions provided should give the Lab flight crew
sufficient information and command access to the vehicle systems and subsystems to
enable the crew to successfully accomplish the following operations during the
mission:

• Manual Lab operation as required under normal mission conditions
• Safe shutdown of the Lab equipment, if necessary
• Recognize malfunctions of the crew, vehicle or mission and display a

warning to the crew.
• Monitor the Lab subsystem condition, such as:

{~i/uunmcuL



(IV)5-19U

- Power sources ' '- •
-i Propellent quantity
- HpO, N and 0 quantities

In general, displays that were.redundant and which did not affect crew safety, the •
mission, or control of the vehicle were deleted. Areas made available from
modified or deleted equipment have "been allocated for experiments integration. The
approximate panel area for experiment controls and displays is 781 sq in. If the
Rendezvous Radar and DSKY are used, the available area decreases to 605 sq in.

The required Lab displays were incorporated in the basic LEM configuration with a .
minimum of modification to the existing console layout. New or redesigned display
panels were mounted on the same hard points, .to provide a commonality between.
vehicles. . . . • , . -
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Fig. 5.7-1 Panel 1
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6. VEHICLE DESIGN AND INTEGRATION

6.1 INTRODUCTION

6.1.1 Ground Rules and Assumptions

The philosophy for developing the vehicle design is to'keep the present LEM intact'
to the maximum extent possible, satisfying increased subsystem requirements by modi-
fications which have the least influence upon the present -LEM design.

The following ground rules have been used during the Phase B study: •'"

No holes in the pressure shell
No modification to Ascent and Descent primary•structure
The retention of existing piping and wiring
Maintain commonality of subsystems between all vehicles
No changes to the Spacecraft LEM Adapter (SLA)
Location of subsystem additions to retain many of the' GSE Servicing
Requirements in the SLA

• Where possible .subsystems are to be'located in the descent stage to reduce
the complexity that modifications to the Ascent Stage would require. ' '-'

• Crew provisions in the crew compartment that may be different from the LEM
are to be as additions to the vehicle, preserving the location of as many
Controls and Displays and Crew Requirements as possible.

• Experiments will be mounted" to the vehicle at existing hardpoints -;

6.1.2 Background Data • ' ' ' ' ' • " •

A set of Apollo LEM drawings are provided to be used' for comparison with the AES
vehicles. For details not shown on the AES configuration drawings, the attached
drawings 6.1-1, 6.1-2, 6.1-3, 6.1-1)-, 6.1-5 and 6.1-6, clearly define the structure.
Also included are drawings of the volumes and hard points available for experiments.
These drawings have been updated from the Phase "A" study and are shown in Figures
6.1-7 and 6.1-8. • ; - • ' ... -..-••

6.1.3 Configuration Definition ' : ' . .

The baseline vehicle, is the first pass at describing a configuration that is a com-
plete and integrated spacecraft design, capable of providing a specified' experiment
support capability at its interface with experiment payloads.

The recommended configuration is a refined definition of the baseline vehicle se-
lected from the group of alternate designs.

The alternates are a group of designs showing the different locations and installation
of a variety of subsystem configurations. These alternates have been analyzed for the
feasibility of methods of manufacturing and structurally attaching them.
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6.2 SPACECRAFT DESIGN

6.2.1 Assumptions

In defining the Phase II Laboratory, it is assumed that the spacecraft is a basic
LEM vehicle with certain changes incorporated during manufacture, and is built with-
o u t t h e following L E M components: . - . . .

Ascent Propulsion Section
Descent Propulsion Section
Landing Gear
Right Hand Flight Control Station
Water Tanks
Electrical Power Subsystem Batteries
Base Heat Shield
Landing Radar
Rendezvous Radar
Other Unused LEM Equipment.

It is also assumed that experiment accommodation requirements will be available during
the detail design phase, so that provisions may be incorporated during manufacture.

6.2.2 Recommended Configuration

The recommended configuration for the Phase II Lab is shown in Fig. 6.2-1. This con-
figuration is identical to the existing LEM vehicle except as shown on the drawing
and described in the following sections. Although an airlock is recommended for the
Phase II Lab, none is shown on the configuration since no specific design'has as yet
been selected. Candidate airlock configurations are shown and described in Paragraph
6.2-4. , . • ' . •

6.2.2.1 Ascent Stage .

The interior of the Ascent Stage is designed to serve as the work area of the .labora-
tory. Experiment control consoles and display panels are installed and stowage for
experiments and expendables is provided. The interior arrangement is completely
described in Paragraph 6.3, Crew Provisions.

Additional RCS Propellant to meet the Phase II Lab requirements is mounted on the
rear face of the -Z2J bulkhead in the aft equipment bay. Two each of LEM RCS Fuel,
Oxidizer, and Pressurization Tanks, with supporting brackets are installed as shown
in Fig. 6.2-2.

Also in the Aft Equipment Bay, two Aliis-Chalmers Fuel Cell Assemblies, a GSM Water
Management Tank, and a LEM GOX Accumulator are mounted on the forward face of the •
Electronic Replaceah.lu Assembly Cold Plate Structure. This installation is shown in
Fig. 6.2-3. The Fuel Cell Assembly Installation is common to the recommended con-
figuration for the Shelter vehicle.

External stowage for the required quantity of Portable Life Support System Lithium
Hydroxide Canisters and constant wear garments is provided on either side of the
Ascent Stage below the RCS Propellant Tankage. The expendables are inside the
Thermal/Micrometeoroid Shielding for thermal control. Access is through a hinged
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door in the shielding, making the expendables readily available to a crew member
during extra vehicular activity.

One additional connector is added to the LEM-CSM interface to provide a hardline
communications link as shown in Fig. 6.2-k.

The LEM Thermal/Micrometeoroid Shielding is .retained and redesigned locally where
required. In the area vacated by removal .of- the Ascent Propulsion Tanks, the shield-
ing is redesigned to provide protection for the expendables stowed in that area.
Other changes are required where experiment components pierce the shielding.

6.2.2.2 Descent Stage . .

The cryogenic storage section for the Electrical Power Subsystem consists of two AES
tanks, one oxygen tank with a usable fluid weight of 1375 Ibs. and one hydrogen tank
with a usable, fluid weight of lUUlbs. .Both tanks are located in the descent stage
propellant tank bays, the oxygen in the -Y bay and the hydrogen in the +Y bay.'

These tanks are supported in a manner similar to the LEM Descent Propellant Tanks.
The diagonal tank support beams of the LEM are retained. A conical shaped adapter
is mounted to the support beams which provides a skirt type support for the tank.
This installation is shown in Fig. 6.2-5.

Radiators to satisfy the heat dissipation requirements of both the Environmental
Control Subsystem (ECS) and Electrical Power Subsystem (EPS).are shown in Fig. 6.2-6.
The total radiator area is made up of eight identical rectangular panels measuring
3 feet by 5 feet. These modular panels aire mounted on the sides of the Descent
Stage, two each in the +Z, +Y and -Z, -Y Quadrants,.and one on each end bulkhead.
With this arrangement, each half of the radiator area is located on opposite sides
of the spacecraft, allowing optimum operation for random spacecraft orientation.

The LEM Thermal/Micrometeoroid Shielding on the Descent Stage is redesigned in some
areaso A flat panel covers the bottom and replaces the LEM Base Heat Shield and
Support Beams. The radiator panels replace the thermal shielding where they exist.

6.2.3 Baseline Configuration

The Baseline Configuration (shown in Fig.-6.2-7), used for costing differs from the
recommended configuration as noted below:

• The EPS Fuel Cell Assembly and Cryogenic Storage installation was mounted
above the Descent Stage. This was necessary due to the requirement of
designing around the LEM Descent Propulsion Section. Two GSM "Housekeeping"
size hydrogen tanks were mounted on the Descent Stage structure below the
aft equipment bay, necessitating a relocation of the electronic replaceable
assembly cold plate. Two GSM Housekeeping size oxygen tanks were mounted
in the ascent propulsion fuel bays. Two Pratt and Whitney Aircraft Fuel
Cell Assemblies were mounted on top of the Descent Stage over, the aft
quadrants. Locating the recommended EPS Cryogenic Tankage inside the Descent
Stage and the smaller Allis^Chalmers Fuel Cell Assemblies in the Aft Equip-
ment Bay requires less structural redesign, and allows more area for mount-
ing external experiment equipment.
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• A 30 sq ft ECS radiator was mounted on- each side of the Ascent Stage, and a
25 sq ft EPS radiator was mounted on the +Y and -Y end bulkheads of the •
Descent Stage. This was changed'to the modular concept shown in the recom-
mended configuration for design simplicity and to achieve greater flexibility
to meet varying requirements.

• The extra RCS propellant was mounted on a shelf at the top of the Ascent
Stage. It appeared to be more conservative to retain the vertical orienta-
tion of the LEM tanks while filling and therefore they were relocated on the
Aft Equipment Bay.

• No airlock provisions were considered in the Baseline Configuration.

6.2.U Candidate Airlock Configurations

The recommended Phase II Lab configuration incorporates an airlock. However, no
specific airlock design can-be described as the recommended design at this time.
A number of airlock configurations were investigated for application to the Phase II
Lab. An "in Depth Study" was made for:

• A deployable/retractable design located on the front hatch as shown in
Fig. 6.2-8.

• A rigid design located in the center bay of the Descent Stage as shown
in Fig. 6.2-9. . ; • ' ' '

• A deployable/retractable design common to the Shelter vehicle installed at
the Front Hatch as shown in Fig. 6.2-10. • • .. .

The Forward Hatch Airlock as shown in Fig. 6.2-8 uses a foldable material for con-
struction of the cylindrical.wall. Retracted, the airlock fits within the launch
envelope and does not interfere with experiments or view from the windows. Extended,
the airlock provides a space ho in. in diameter and 80 in. long which appears to
afford adequate mobility for a pressure-suited Astronaut with a Back Pack. The
kO in. diameter negates the possibility of one Astronaut performing all airlock
functions. Final sizing requires further substantiation. Also, the SLA-Lab GSE
Tunnel must be inserted through the retracted airlock requiring installation of the
airlock hatch after tunnel removal.

An example of the type of material that might be used for the foldable wall has been
developed by NASA - Langley. (Ref: "Development of an Expandable Airlock Utilizing
the Elastic Recovery Principle" by J. G. Williams, NASA - Langley Research Center,
Langley Station, Hampton, Va.) Further development is required to explore the broad
spectrum of materials and methods of construction to finalize an airlock design.
An adapter structure is used to attach and seal the airlock to the periphery-of the
forward hatch. The adapter performs the transition from a rectangular shape conform-
ing to the hatch to a circular ring to which the flexible airlock is sealed. This
adapter is identical to that used on the Shelter vehicle.

The airlock in the Descent Stage Center Bay as shown in Fig. 6.2-9 represents fabri-
cation within the present "State o'f the Art". A cylindrical pressure vessel is
mounted in the Descent Stage utilizing existing Descent Engine Mount Fittings. It
is then coupled to the cabin floor through a metal bellow's to restrict applied loads,
other than pressure, to the Descent Stage. The kj in. diameter "of the chamber allows
for possible donning and/or storage of a Hard Suit, and a Suit Checkout Station can
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also be incorporated. This design is compatible, with the Docking Tunnel concept
which may be used on some Phase II missions. A constraint imposed by this design is
the necessity for donning the Back Pack within the airlock due to the 20.5 in diam-
eter access from the Ascent Stage. By redesigning the Aft Cabin Deck Structure,
this access can be increased to a 32 in. diameter opening. A change such as this,
however, would require structural requalification of the Ascent Stage.

An airlock as shown in Fig. 6.2-10 is used on the Shelter vehicle, and may be adapted
to the Phase II Lab by the addition of a retraction mechanism. Two advantages of
this design over the cylindrical forward hatch airlock is that both hatches can be
operated by the occupant and commonality with the Shelter is achieved. An added
constraint would be the extreme difficulty of retraction due to its geometry.

6.2.5 Alternate Config.-Alternate EPS Cell Arrangements

Several alternate power supply arrangements were studied which included the use of
General Electric, Pratt and Whitney, and Allis-Chalmers Fuel Cell Assemblies, and
CSM-AES Cryogenic Tankage. All of the General Electric and Allis-Chalmers Fuel Cell
Assembly installation alternates noted herein are common with the Shelter vehicle.
These are summarized in Fig. 6.2-11. No compatible installation could be found
utilizing the Pratt and Whitney Fuel Cell Assemblies. The recommended Allis-Chalmers
Fuel Cell Configuration is shown in Fig. 6.2-1, and is shown in detail in Fig. 6.2-3.
Accessibility for replacement in this location is .through the top of the Aft Equip-
ment Bay. In this location, the heat dissipated is used to maintain Ascent Stage
temperature. Other installations of two Allis-Chalmers Fuel Cell Assemblies are as
shown in Fig. 6.2-12 and 6.2-13. Both installations are oh the Descent Stage
structure, one external on the Aft End Bulkhead, the other internal in the +Y, -Z
Quadrant. Accessibility for removal is good in both cases. The external installa-
tion will require a more complicated radiator installation, i.e., folding panels,
while the internal installation will require relocation of the LEM GOX Tank.

The recommended installation, if General Electric Fuel Cell Assemblies are used, is
shown in Fig. 6.2-lh. Four Fuel Cell Assemblies are mounted to the forward face of
the cold plate structure in the Aft- Equipment Bay. This installation has the same
advantages as the recommended Allis-Chalmers installation. Other General Electric
FCA installations are shown in Fig. 6.2-15. One configuration shows two units
mounted externally on each Y Axis End Bulkhead, The other installation is internal
with four units mounted on a beam in the +Y, -Z Quadrant of the Descent Stage.

The recommended installation, for Pratt and Whitney Fuel Cell Assemblies is shown in
Fig. 6.2-16. This shows the two units mounted externally on top of the Descent
Stage. They are flange-mounted to a bracket structure which is added to the Descent
Stage as shown.

Other possible locations for the installation of Pratt and Whitney Fuel Cells are
shown in Fig. 6.2-1?.

An alternate arrangement of the recommended Cryogenic Storage Configuration using
CSM-AES Tanks is shown in Fig. 602-5. This shows a stacked arrangement of both
tanks in one Descent Stage Bay. This reserves more Descent Stage space for experi-
ments, but requires more structural redesign because the tanks protrude through
both upper and lower horizontal panels. Other possible locations for installation
of AES size Cryogenic Tanks are shown in Fig. 6.2-18
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6.2.6 Alternate Configuration-Alternate Radiator Installations and Variable Radiator
Area Designs

6.2.6.1 Radiator Installations

Other locations for mounting 3 ft by 5 ft modular radiator panels are shown in Fig.
6.2-19. A fold-out configuration is shown on the Descent Stage which doubles the
area of the Quadrant Radiator installation. Panels in some of the locations shown
are hinged for access to items located behind them. Fig. 6.2-20 shows detail con-
struction of a Modular Radiator Panel being constructed under a test program.

6.2.6.2 Variable Radiator Area Exposure Systems - Mechanical Design

The purpose of the variable radiator, area control system is to automatically adjust
radiator exposure area with variations in coolant loop thermal loading. These vari-
ations are produced by operating and shutting-down on-board electrical equipment,
by fluctuations in ECS requirements, and by variations in external thermal environ-
ment. They reflect themselves as thermal inputs to the radiator loop. Fairly
constant coolant temperature exiting from the radiator is maintained by increasing
or .decreasing the effective radiator system exposure area. '-

Two mechanical systems were studied to achieve variable radiator area exposure. The
first, a controllable hinged-door arrangement, and the second, a-controllable "window
shade". The "window shade" arrangement was, and continues to be investigated on a
Grumman, in-house funded, Advanced Development Program. Ground rules for these
systems are:

• C.oolant.exit temperature from the radiator is to be maintained between a
fixed temperature range such as 30°̂  anc^ 50°F.

• Radiator door opening is to be infinitely variable from 0 to 160 deg rota-
tion for the hinged door concept.

. • Radiator exposure area is to be infinitely variable from 0 to 100$ for the
"window shade" concept.

The hinged door arrangement is shown in Fig. 6.2-21. It consists of a linear sensor/
actuator, sector and bellcrank assembly, steel drive tapes and tensioning tape
guides. Radiator exit coolant fluid is piped from the radiator panels to the drive
system actuator which contains a temperature sensitive viscous compound. This corn--
pound expands and contracts linearly with fluid coolant temperature changes, thereby
imparting a modulating motion to the radiator door panels. The panels rotate to
approximately l60 deg when the drive actuator fully strokes. The total actuator
travel is obtained within a 20°F temperature band - i.e., from 30°F "to 50°F, where
the 30°F position is radiator door close and 50 F is radiator door full open.

The radiator doors are synchronized and driven by spring steel drive tapes. These
tapes act as timing links since they are fastened to their sectors and experience
relatively short travel. Any induced vibrations to the doors feedback directly to
the drive actuator via these drive tapes. The viscous compound in the actuator
tends to dampen out these vibrations and maintain dynamic stability. Six tension-
ing guides "are used to maintain a preload in the tapes and secure them during
vehicle vibrations. The tapes form a continuous system drive loop and therefore
are only used as tensile members during extend and retract actuation cycles.
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Among the favorable features of this design are simplicity and the possibility of
doubling the available radiator area by utilizing the door inner surface as extra
radiator area. .

The "window shade" system is shown, as used in a test rig, in Fig. 6.2-22. The
system consists of an actuator, a gear drive and drive shaft, and a shade drum with
its shade. It utilizes the identical sensor/actuator used in the hinged door arrange-
ment. The actuator stroke in response to .coolant fluid temperatures, operates the
crank on a common shaft with the sector gear."

Rotation of the sector drives the pinion and drive shaft. The shade is wound around
the shade drum with two steel tapes connecting the shade draw bar and the drive
shaft. A third steel tape connects the drive shaft to the shade drum, but is wrapped
opposite to the shade wrap, providing a positive synchronization loop. Testing will
be conducted in a vacuum chamber to confirm system operation, as well as the effect
of unrolling and re-rolling the shade material on fatigue life, cold welding, etc.
Presently, the most promising material appears to be vapor deposited aluminum on a
"KAPTON" film.

Among the favorable features of this system are compactness and the fact that there
are no large panels suspended from the vehicle. An alternative control and drive
for these applications is to use an electrical system. While the system would be
more complex, it does not appear to be beyond the state-of-the-art.

Further consideration must be given to the selection of the actuator compound. The
configuration shown is based on a hydro-carbon "grease" compound presently being
used on the LEM vehicle cabin temperature control (Pyrodyne compound $10lU). Freon
and other temperature sensitive fluids with relatively high rates of thermal ex-
pansion will be investigated. Higher viscosity fluids appear to be desirable since
sealing problems are reduced and vibration damping is increased. Further studies
and development testing of these compounds are necessary to select the optimum fluid
which satisfies all the system requirements. Among these are actuation response
time (compound time constant), sealing characteristics, viscous damping properties,
weight, and chemical and thermal stability..

6.2.7 Potential Modifications Per Flight

A review of Phase A studies was made to identify per mission modifications which
would affect the spacecraft configuration. These were studied further under the
Phase B ground rules and are presented as follows.

6.2.7.1 View Finder

An optical viewfinder telescope is required for Lunar orbit and earth surveillance
missions. To meet the ground rule of "No Change to the Pressure Shell", an attempt
was made to arrive at a scheme which.would not require requalification of the pres-
sure shell. One such scheme is shown in Fig. 6.2-23. A Kollsman Viewfinder is
installed in a fitting which replaces the right hand cabin window. This fitting is
installed and sealed in the same-manner as the window. In this location, the opti-
cal path is direct to the eye-piece which is readily available to the crewman for
viewing or camera changing. Thus, by qualifying the pressure integrity of the
viewfinder to the local fitting, and by maintaining an identical structural and seal
joint between the fitting and LEM structure (as the existing LM window has),
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requalification of the Ascent Stage Pressure Shell will not be required.

6.2.7.2 Additional Pressurized Volume and/or Docking Tunnel

Several configurations for the use of the -Descent Engine Bay on a per mission basis
are shown in Fig. 6.2-2U.

A canister, shown in Fig. 6.2-25, which provides 7.5 cu ft of volume for stowage of
experiments or expendables may be used. This canister is sealed to-the Ascent Stage
Structure in the same manner as the Ascent Engine Cover using a Marmon-type clamp.
The installation requires no structural modifications other than removing the engine
support lugs from the ring. Auxiliary support members are attached to the top of
the Descent Stage.

If more pressurized volume is required for additional Lab work area or experiment
stowage, a larger canister may be installed. This is :a 4-7 in diameter, 85 cu ft .
pressurized container which is supported at the Descent Engine Mount Fittings.
It is structurally isolated from, but sealed to the Ascent Engine Cover Ring. If
the mission calls for the docking of two Laboratories in orbit, a structure is used
in the same location which supports a docking ring and probe mechanism at the exter-
nal end. This docking tunnel duplicates the mechanism of the CSM and procedures
for docking are the same as for LEM to CSM. For this use, a pressure hatch is used
at the cabin floor and an additional structural support is added at the bottom-of
the Descent Stage. After docking, the probe mechanism is removed and stowed. The
tunnel provides a pressurized passageway between the two vehicles.

For use as an airlock, the container incorporates a Pressure Hatch at the External
End. This application is described in Paragraph 6.2.4

In all these configurations, a 20-5 in diameter access through the Ascent Engine
Support Ring is available without modification to.the Ascent Stage structure.. .This
is sufficient for a suited but unpressurized crewman. The PLSS Back Pack must be
handed through. If a larger passageway -is desired, a redesign of the Aft Cabin
Floor could increase the opening to 32 in diameter. • -. -

6.2.7.3 Additional RCS Propellant

For missions which require a greater amount of reaction control propellant, modules
of LEM RCS Propellant Tanks are installed at locations shown in Fig. 6.2-26. In
these locations, access to control valves and filling connections is retained.

6.2.7.4 Low Profile Descent Stage Configuration

For missions which carry large payload items, a configuration as shown in Fig. 6.2-27
can be used,, The LEM Descent Stage is replaced by a rack structure which supports
the Ascent Stage in the Adapter. By the use of this structure, which has beams of
30 in depth instead of 65 in for the LEM Descent Stage, a dimension of 84 in to the
S-1VB clearance envelope is available. This depth, within the confines of the
adapter retraction clearance, is available for experiment mounting.
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Fig. 6. 1-1 LEM Structural Arrangement
Ascent Stage Forward Cabin





Ml DETAIL G-G (ZOW* 30A,»45)



J
*V4?.75 (UIPJ

, ,—i.DW28O-29OI^-S

Fig. 6.1-2 LEM Structural Arrangement
Ascent Stage Aft Cabin



LOW 780- rso-i3-1 (REP)

LH. *ioe LQOKiua meo

FWP

t-1'3



SECT A-A (lOUfc 9*.. *

yew tPCKiua CWQ



LDwzaowioooi (REF)

L.OWMOM oooz(itf f),

Z5079-Z

B077-1

W-?

^



-LDWtOO-»302B-2



(.17)6-13/11*

Fig. 6.3^-3 LEM Structural Arrangement
Ascent Stage Aft Cabin

(^ii/tumman.



(17)6-15/16

sa
CD

ej

-
O
2

« O
W ra



-l (REF)

DW260-2 8127-1 (REF)

-ZSO.SO(REr)

-Y3S.«ZS(REF)

VIEW B-5
1. H feHOWIsj) R H (OPP)

LDWZSOMMOr7-l(Z)
Llt-JE
MAS M3ZVF3(4)
AN MOD a (B)

-!27.OO(REF)

VIEW A-A
L H (SHOWN)



—XZ33.50(REF)



(IV)6-17/^8)

2OOMMOO3-K5)
LINE REAM J64O-.I6S5
NASII32VI4(6)

LDW26O- 26^3-1 INSTL.

VIEW LOOKING FWD

X233.50(REF)

Fig. 6. 1-5 LEM Structural Arrangement
Ascent Stage Aft Equipment
Compartment



-Y

wee

DECK.



-STRIP



OB

LOOVCVKJC, \VJBO
s\.oo /'-Y ezoo



LOW 2QO 2\GOO
VVE.W \_OOK.IK)G CX

DESCENT 'bTAvCil

C-fs



(IV)6-19/20

I.TOT5 At

Fig. 6.1-6. LEM Descent Stage Structural
Arrangement



(IV)6-21

-r

•t-V

NOTES:
/.- ENVELOPE A. SHOWN

B OPPOSITE,EXCEPT AS NOT£O
2-ENVELOPE CLEARS ADAPTER* ASCENT STAGE. DESCENT

STAGE STRUCTURE BV 7 IN. AND IS TANGENT TO THE
IIBO'P ISOTHERM OFTME RCS THRUSTS*? PLUME

3-LOCAL PROTRUSIONS CAN BC ALLOWED IN SOME AREflS.
1- LETTERS 'A'THeU 'S' INDICOTE

CLEARANCr FOR S-BANO
ANTENNA, » V S l O E O N L y

Fig; 6.1-7 Lab Pay load Envelope



CIV)6-22

S|

t 'Vx; J
/ " \! i
:/ M
!/ ! | ?
i i ! v

T ^
f

;

^ 1

*T

A

r
<
5

tM
e-

^

G

i /y/i/ ' p
* .
v

tfh
- - V

I- ENVELOPE ClEflRS ADAPTER B •< 3 IN. AND
A&CE NT-DESCENT STAGE STRUCTURE 8v g IN. AND

•IS TAN&ENT TO THE. i lSO-r ISOTHEf?M OPTHt
RC s CLUSTER PL.-JME.

2-LOCAL P(?OT(?U6IONS CAN BE ALLOWED IM SOME
AREflS

3-LHTT£fes 'A'THC-u K" \NPU~AT£ ._OCAT\DNS
OF ECUi^Mi^T- ATTACn^^c .NT HA- ' . ; . O.MT3.

Fig. 6.1^8: Lab Payload Envelope



2 18

Launch Configuration

11

Plan View of ]



ClV)6-23/?U

Key

1 ECS Nitrogen*
2 ERA Cold Plate*
3 RCS Thrusters*
4 RCS Fuel*
5 RCS Oxidize r*
6 RCS Helium*
7 RCS Valves*
8 VHF Antenna*
9 S-Band Antenna*

10 S-Band Steerable Antenna*
11 EPS Hydrozen
12 EPS Oxygen
13 Fuel Cell Assembly
14 Water Tank
15 GOX Accumulator**
16 RCS Fuel**
17 RCS Oxidizer**
18 RCS Helium**
19 ECS & EPS Radiators
20 LiOH Storage
21 Constant Wear Garment Storage

NOTE:

* Existing LEM Installation
~y

r ** Existing LEM Hardware
The Recommended
Configuration Includes
An Airlock But No
Specific Airlock Has Been
Chosen At This Time,

— -^ Various Airlock Designs Are
/ Shown In Figures 6. 2-8,

/ 6.2-9 & 6.2-10

\ 12

19 -

Orbiting Configuration

3scent Stage
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Scale—me he s Fig. 6.2-1 Recommended Configuration
Phase H LAB
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Tank Installation Structural
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Descent
Stage Structure +SX196.00 .
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(Ref)
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End Closure
/(Desc Stage)

Thermal
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Fig. 6.2-6 Radiator Support Structural
Arrangement
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1 Lower Deck Shield
2 VHF In-Flight Ant (2)
3 ECS Radiator Panels (2)
4 O2 Tanks (2)
5 RCS Thrusters (16)
6 FCA (2)
7 H2 Tanks (2)
8 H2O Tanks (2)
9 FCA Radiator Panels (2)
10 7 kw-hr Peaking Batt
11 GOX Tanks (2, Accumulators)
12 Mid-section Canister
13 RCS

a) Fuel Tanks (4)
b) He Tanks (4)
c) O2 Tanks (4)
d) Valve Instls (2)

14 S-Band In-Flight Ant (2)

View Looking Down
At Ascent Stage

View Looking Down
At Descent Stage

Orbiting Configuration

Fig. 6.2-7 Phase n Lab-Baseline
General Arrangement
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Hatch Phase n Lab
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PC A (4)

Allis-Chalraers
, Fuel Cell

FCA (a]

Phase II

• Structural
Modification Minor

Shelter'

Minor

», 0.: -Pad
Accessibility

Accessible from top & bottom
of equipt bay. Bay is filled
with additional RCS tanks.

Accessible fr&fi orly ton of
equipt bay. No other equic,
is located in bay.

• On-Pad Removal Removable from top only.
Fuel Cell & Water recovery can
be removed independently.

Removable from top only.
Radiator section must be
removed first.
Fuel Cell & Water recovery
be removed independently.

• Effect on Existing or Recommended Equipment Location. None None

Thermal Considerations Accent stage temperatures are
maintained.

Ascent stage temperatures
maintained.



FCA (2.)

(2.)
+Y
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FCA (4-}

FCA (2.)
A

V
FCA

Y
Phase II Lab Shelter Phase II Lab Shelter

Minor Minor Minor
(can be located in Quad

II or III)

Minor
(can be located in Quad

II or II)

Accessibility Presents no
Problems .

Accessibility Presents no
Problems .

Accessibility Presents no
Problems .

Accessibility Presents no
Problems .

Removal must "be horizontal.
Long cantilevered arm presents
stability problem.

Removal must be horizontal.
Same as lab

Removal presents no problems. Removal presents no problems.

Radiators will be located in
Quad II & IV & will be
extendable .

None Quad II: None
Quad III: Must relocate
(lower) GOX tank.

Quad II: Relocate existing
HyO tank (to ascent stage)
Quad III: FCA must clear
existing He tank .

FCA always in use while in
orbit. No added heat required

During stay time, FCA must be
provided with heat.

FCA always in use v:hile in
orbit. JIo added heat required.

During stay time, FCA must, be
provided with heat.

Fig. 6.2-11 Fuel Cell Location
Optimization Table
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6.2-12 Alternate Allis Chalmers
Fuel Cell Installation -
Phase n Lab
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Fig. 6.2-14 Recommended GE Fuel Cell Installation
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NOTES:
1. BONDING INFORMATION fOR RADIATOR:
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TO OUTBOARD FACE. PE-R E.NGINEJE.R.ING INSTRUCTIONS
* SD-Z5a-X-7O.

4. ALLTUBIN6 MADE FROM 2oa4-T5 MUST BE ANNEALED
BEFORE BE-NDIMG._

5 THIS DRAWING MAY BE SCALED.

Fig. 6.2-20 Test Radiator Panel
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Fig. 6 ^ - 2 3 Viewfinder Installation
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Fig. 6.2-24 Utilization of Descent Engine
Bay Phase H Lab
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DESCENT STAGE

i IO 15

SCALE. — INCHES Fig. 6.2-25 Mid-Section Canister
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6.3 CREW PROVISIONS

6.3.1 Ground Rules . . • .

• The CM .is to be considered the basic mission and communication center.
• The CM will be the crew living quarters.'
• The Phase II Lab will be used mainly as a laboratory.

. • The CM will be used as crew shelter during unusual radiation or meteoroid
activity. . . " -

• CM ECS will incorporate a two-bed thermal swing molecular sieve for' C02
removal. The present LiOH system shall be retained as a backup for•
emergencies and for pressure suit operations.

• The CM is required to store three man-days of food and potable water for
crew use. •

• An airlock will be incorporated.
• The spacecraft will normally'carry' a three man crew,'with no more than two

men in the Lab at one time. ' -:

• There shall be no requirement that one crew member will be in pressure suit
at all times.

• Untreated biological wastes shall not be allowed to become free residue in
space.

6.3.2 Assumptions and Background Data

• All Phase II Lab missions shall be 45 day duration with crew members in a
shirtsleeve environment.

• The waste management, waste disposal systems, personal hygiene, exercise,
rest, medical and recreation equipment is assumed to be located in the CM.

• Crew members will sleep in a soft suit'on the CM couches. The space suits
will normally be dried, serviced and stowed'on the couches.

• Food for the mission in excess of three man-days will be stored in the Lab.
• Water management for .food preparation and consumption will be accomplished

in the'CM.
• Food quantity shall be based on an individual calorie intake of 3000 K

calories per man per day. ,
• Rechargeable batteries will be used for the PLSS.
• Each crew member requires a new'constant wear garment.(CWG) every two days.
• One pressure garment, one liquid cooled garment, one helmet and one thermo-

meteoroid garment are located in the CM storage.containers.
• No CM-LiOH cartridges will be carried in the Lab'.

6.3-3 Recommended Configuration ' • " •'

Figure 6.3-1 represents the internal arrangement of the Phase II Lab. It shows
console arrangements, equipment stowage and work areas.

There is no change in panels or console structures, from the LEM except for
addition of folding work tops on both sides 'and a stowable seat, which can be
installed quickly on the left or right hand side of the cabin. Four cu ft of
food is located under the cabin floor.
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Suit servicing kit, gloves and garment storage areas in the cabin-are'-unchanged.
A PLSS is stowed on the inside of the forward hatch.

The view looking outboard, RH side, shows ECS package and related equipment
unchanged from the basic LEM, except for the addition of a flexible duct to the
blower. ,

The view looking outboard,' LH side, shows the battery charger, 9 PLSS batteries,
5 LiOH. containers, recharge, station and 9-7 cu ft of food. The PLSS recharging
station and LiOH containers remain unchanged. .

The aft bulkhead (-Z27) stores 2 GSM type tape recorders, with extra tapes,
mounted on cold plates.

The shaded areas indicated available experiment storage volume which totals
approximately 6.63 cu ft.

6.3'.3.1 Items Removed from the LEM

• CABIN SECTION ' ' ' ' . '

Arm rests (2) RH side
Translator assembly (l) RH side ' ' .
Attitude controller (l) RH side
T.V. camera and lenses'RH side

. Extra film (sequence camera) RH side
Film and tape (RH side) '
Thermal garment .(RH side)
Restraint system (both'sides) " • ' • ' " .
DSKY'and IMU

• MID SECTION - ' ' - ,

Waste management system " ' '"' ' . ' ' • • •'
Speciment return .containers (2) mounted oh LH side

- Still camera mounted, on LH engine cover
Water probe and holster LH side
LiOH container (ECS) engine cover (l) - '
EVA life line (l) . . . . ' " '"•" " -

• BULKHEAD -Z27

, CPU
LGC' ' • • • • • . : • - • . , . - . . - . , - . . ; -
P S A ' - - - • • • • • - • . • • - : , • • • . . . - . - .
Signal conditioner
Part of the cold plate assembly . " ' - . - •

• EXTERNAL ' • • ' - " .

Recognition Lights •
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6.3.3.2 Items Added o r Modified • - ' . . . . .

• PLSS Units . • • • . . • • • • , ' . • .

The Lab carries two PLSS units, one at the recharging station in the
mid section (as in the basic LEM), and -the. other- stored on the .inside
of the forward ingress/egress hatch (orbit mode).

• LiOH (PLSS cartridges)-(5 1/2 dia x 11 in)

The 45 day mission requires W- LiOH PLSS cartridges. Three cartridges
are stored in 3 PLSS and an additional 5 units are stored internally in
the mid section LH side (Fig. 6.3-1). The remaining 36 cartridges are
stored externally (Fig. 6.3-2). Resupply from the external stores can
be accomplished on any EVA. 'All external storage items will have suit-
able environmental protection.

• PLSS Batteries (3 1/2 x k 3/4 x 6 1/2) l6.8 v each

Twelve batteries are recommended for the Phase II Lab. These are
rechargeable batteries with a useful discharge expectancy of three hours
plus one hour emergency. Batteries can be recharged no more than four
times and have a ten hour charge time. Three batteries will be stored
within the PLSS units and the remaining nine will be stored in the mid-
section LH side, next to the battery charger. (Fig. 6.3.-1).

. • ' Battery charger (3-5 x 5 x 5 x 6.0) weight 5.0 Ib Max.

The battery charger is installed in the mid section LH side at -Z22.

• ECS Duct

Environmental control of the Lab will be supplied from the CSM by means
of the flexible duct feeding through the Lab docking tunnel to the
blower assembly. The duct will have a quick disconnect fitting in the
tunnel area to provide separation and allow hatch closure for EVA
depressurization and for emergencies.

• Food

Food storage for three men for a k5 day mission requires a volume of
13.7 cu ft based on 3000 K calories per man per day. The CM is required
to store three man-days of food. .

It is assumed that light weight food containers will be used. Approxi-
mately 179 in3 (2.3 Ib) is allotted for each man per day. Food will be
of the freeze-dried variety and will require.water for reconstitution.
The eating area will be in CM. Four cu ft of food will be stored under
the cabin floor and remaining 9-7 cu ft of food will be stored on the
LH side in the midsection. ' .• :
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• Voice Recorder (l 3/k x k x 5 7/1.6) . . -•' .- -

Two identical, LEM voice recorders will be carried. They will be
located on +Z27 bulkhead, EH, side.

• CSM tape recorders (5.5 x 9.5 x .22) kk Ib each • .- .

There are two CSM recorders, each mounted on a cold -plate located on
the -Z2J bulkhead. One. extra'tape is stored on the coyer of-each ,
recorder. Each tape measures 8 in. dia x 1 in deep.

• • Garments ' • • . ' ' • • • ' . - - ' -'

The lj-5 day orbit mission requires 66 .constant wear garments (CWG)
allowing for changes every other day. . Each crewman will initially be
wearing one garment for a total of 3- Six garments..will be located in
the cabin area (RH side), and remaining 57 (7-5 cu ft) will be stored
externally (Fig. 6.3-2)'. Two liquid cooled garment-(LOG) 0.5 c'u ft
each are stored on the LH side of the cabin section.

For drying Out the LOG can be stored with the soft suits on the
unoccupied CM' couches.-

'" One anti-meteoroid/thermal:. garment is stored on RH side of cabin area.
Another is stored in :CM. ' ' : . •• ... ...

Facilities are also included for the hanging of two. pressure -suits, on
the -Z27 bulkhead in the mid section, so that they are readily available
to the astronauts. They are normally stored on the unoccupied CM
couches. In addition the CM stores one pressure garment, and one liquid
cooled garment for contingency use by the crew member occupying this
section.

• Helmets , . '

Two helmets are located in mid section LH side as shown on Fig.- 6.3-1.

• Work Tables

Work tables measuring 17 x 2k in. are installed on both sides of the
cabin, hinged on the:lower side consoles. When stowed, they- lie flat
against the face of the garment ^stowage sections (Fig. 6.3-1). A secure
latching mechanism is provided in both-positions. -

• Seats' . • • ' • ' • • ' . . . . . . . . -

One dual-action design seat is included, hinged from +Z27 bulkhead with
. a 360 deg swivel head.' Both joints" have a mechanical braking device to
hold the seat in any position. The seat head can be folded and locked
for stowage against the stowed table top (Fig. 6.3-1).
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Two hinge fittings are supplied on +Z2J bulkhead to permit use of the
seat on either side of the cabin. The same procedure for stowing is
incorporated on both sides of the cabin.

A crew member restrain belt is attached to the seat head.

• Lighting

A dome light is incorporated in. the mid section to illuminate the mid
cabin.

Individually controlled lighting for both work tables in the cabin sec-
tion is provided in the middle side consoles.

Two external flood lights are provided on the descent stage. Each light
is separately controlled from inside and 'outside the vehicle.

6.3.3.3 Restraint

The current restraint harness concept is illustrated-in Fig. 6.3-3j which.shows
the vest used for body attachment and the installed harness in a shirtsleeve
environment.

The harness consists of a vest, closely fitting the human body to maintain con-
tact with and transmit load to the trunk, through contact with the shoulder,
rib and waist. Adjustment is provided in the chest and waist areas. The waist
portion of the vest is similar to a belt in that it transmits load to the pelvic
area. This part of the vest contains a number of hooks which are designed to
pass through holes in an outer garment such as coveralls. An outer adjustable
belt would then be attached to the hooks. A semi-rigid strap runs between the
legs and fastens to the front and rear of the outer belt. A flexible, quick dis-
connect cable assembly picks up the strap. Included in the cable assembly is a
spring and turnbuckle load cell which attaches through a universal joint to a
pickup point in the floor. With the astronaut in an errect standing position,
the turnbuckle is adjusted so that the load between the feet and the floor equals
full or partial body weight. The applied load can be relieved by use of the
quick disconnect or by double knee flexion and the astronaut will find himself
tethered but unloaded.

When positioned at a work station, the universal joint attached at the floor will
allow for controlled body rotation of 360 deg. The combination of spring and
universal joint provides for extended reach actions as well as limited side-to-
side motion. • •

6.3.3.4 Experiment Volume Available

Section Location Volume in cu ft

Cabin Section " RH forward console inboard 0.35

RH forward console outboard 0.25
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Section Location Volume in cu ft

Cabin Section
( Cont . )

LH garment storage comp

LH below side console

RH below side console

-Z27 bulkhead

TOTAL

' 1.8

.0.̂ 5

0.28

3-50

6.63 cu ft

6.3.3.5 Control and Displays

The structural design of the consoles and the shape of the panels has not been
changed from the LEM. The panels of the cabin section consoles have been
modified to accommodate the Lab subsystem requirements as shown on- Fig. 6.3-̂ -.
Available area of panels for incorporation of experiment oriented controls and
displays i s shown i n Table 6.3-1. - . . . . .

Table 6.3-1

Available Control and Display Area. . -

Panel or Console
Number

I

II

III -

V

VI

Available Panel Area

Area in Sq. in.

137

W

12

150

262

TOTAL "-605-sq. in.

The following additional area is available if the Rendezvous Radar and DSKY ar'e
not used.

Ill Radar

VIII DSKY

6k

112
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6.3.̂  Baseline Configuration . . .

The baseline configuration is the same as the recommended except that.it does .
not carry an airlock. GSM LiOH containers are also carried.

6.3-5 Alternate Configuration - Airlocks

While an airlock is considered part of the recommended configuration, no specific
airlock has "been chosen. Various airlock configurations were evaluated during
the course of this study. The most promising of which.are presented in Fig. 6.3-5
and 6.3-6.

Airlock "A" is mounted off the front hatch, is of the expandable type and cylin-
drical in form. It'measures approximately 80 in. long, ^0 in. in diameter and
comprises a volume, of. 65 cu ft... This airlock can be fully compressed to fit
inside the shroud envelope for launch and represents an adequate planform when ex-
panded, for an astronaut, with a backpack to perform ingress and egress maneuvers,
(Fig. 6.3-5)' The difficulty to be considered with this airlock, is that it re-
quires the assistance of a second astronaut to close the Lab hatch prior to the
opening of the 36 in diameter airlock hatch during egress and the reverse pro-
cedure for ingress.. Another .disadvantage to .be .considered is the outward opening
hatch which would require an .additional effort in terms of the seal design.

Airlock "B" represents the Shelter airlock (Fig. 6.3-6). It-is also an expandable
type airlock and can be compressed within the shroud envelope at the front hatch.
This represents a volume at approximately. 89 cu ft and has the advantages of
increased volume to allow sufficient .astronaut mobility to close the Lab hatch
and open the airlock hatch by himself. An inward opening hatch can be incorpo- .
rated in this design. This .airlock does have the disadvantage of presenting an
increased volume over airlock "A". -

Airlock "C" represents an attempt to utilize volume made available by removal of
the Ascent and Descent Engines. Incorporated in this area is a compartment which
can be used.as an airlock and can also serve other, purposes.

It is a" rigid pressurized structure approcimately. l\-J- in. in diameter and 88 in.
in-length with a volume .of 85 cu ft. Access to this compartment is gained through
a 20.5 in. diameter hole in the floor of the mid section. This hole represents
the maximum size that can be obtained without major modification of the basic
LEM floor structure. Initial tests have demonstrated the capability of an indi-
vidual in shirtsleeves and in an unpressurized soft suit to pass thru this
diameter. . , .

The compartment would contain an inward .opening hatch, a.backpack donning station
and suit loop connections. Sufficient volume is available to permit opening and
closing of both hatches by one astronaut and the donning and doffing of pressure
suits and outer garments. ... •

It should be pointed out that the desirability of this, concept can be greatly
enhanced by increasing the entrance diameter size to.allow the astronaut wearing.
a backpack to enter the airlock. In this manner the man-suit relationship could
be fully checked out in the Lab prior to entrance into the airlock.
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6.3.6 Alternate Configuration - Descent Stage Compartment .

A derivative of the Descent Stage Compartment Airlock previously discussed is
illustrated in Fig. 6.3-5 and 6.3-6. Shown here are configurations of this
compartment used for:

• Work station and storage volume

• Storage volume

• Docking tunnel

The descent stage compartment attractively lends itself to the incorporation of
a sit down work station and storage area. As shown in Fig. 6.3-5> sufficient
volume is available for comfortable seating of a man on a swivel stool, a wrap
around control and display console containing approximately 7 sq ft' of panet area,
an 8 cu ft storage volume underneath the console and 30 cu 'ft storage container .•
located underneath the floor. "

Shirtsleeve passage to the descent stage compartment would present no problems' -
and a variety of experiment oriented functions could be conducted in this proposed
,work station. In addition, the constant wear garments and PLSS LiOH which is
normally stored externally, and requires EVA's for replenishment, could.be placed
in the storage area with 25 cu ft still available. ' • ' ' " '

Another configuration of the: descent stage compartment is illustrated in Fig.
6.3-6. In this mode, the compartment is made available 'for ̂ equipment, storage
and 'can accommodate 5^" cu ft of items with adequate accessibility. Placement of
the externally stored consumables, 7-5 cu ft of constant wear garments and 5-5
cu ft of PLSS LiOH, in the compartment would still leave k-I cu ft available for
storage of experiment oriented equipment,. A maximum storage volume concept is
also illustrated and could contain approximately 85 cu ft of storage.

The use of the descent compartment as a' docking tunnel to satisfy experiment
flight requirements is another consideration for this concept. This is illus-
trated in Fig. 6.3-6 which shows the docking probe'in place and the necessary
hatch. Astronaut passage could be accomplished in a shirtsleeve or unpressurized
soft suit mode. ;

6.3-7 Alternate Configuration - Suit Loop Remove and Addition of a Rear 'Facing''
Control & Display Console . .. . •

Another proposed concept envisions the removal of the suit loop from the RH side
of the mid section. -This modification'would permit the installation of a rear
facing console having an area of h.k sq ft 'and allow'for 'an additional 10 to 12
cu ft of storage volume on the right side of the mid section. Thin alternate
is illustrated in Fig. 6.3-7.

Justification for removal.of the suit loop involves the consideration of using
the CM suit loop for pressure suit checkout or foregoing the use of the suit
loop completely. This is discussed in more detail'in Paragraph U.t.
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1 Front Control Panel - L.H. Side No. 1
2 Front Control Panel - R .H . Side No. 2
3 Front Panel - Center No. 3
4 Circuit Breaker Panels - L.H. Side No. 4
5 Experiment Upper Panel - L.H. Side #5
6 Experiment Lower Panel - L.H. Side #6
7 Front Panel L.H. Side No. 7
8 DSKY Panel Front Center No. 8
9 Circuit Breaker Panels - R.H. Side No. 9
10 Upper Panel - R.H. Side No. 10
11 Lower Panel - R.H. Side No. 11
12 Front Panel - R.H. Side No. 12
13 ECS Unit (Suit & Cabin)
14 PLSS (2) Including Batteries (2) & LiOH Cartridges
15 Emergency Oxygen Supply System (2)
16 LiOH Cartridges (5)
17 Battery Charger
18 Batteries
19 Blower/Heat Exchanger
20 Duct
21 Soft Suits (2)
22 Helmets (2)
23 Suit Servicing Kit & Gloves (2)
24 EVA Boots (2)

.25 Anti Meteoroid/Thermal Garment
26 Water Cooled Garment (WCG) (2)
27 Constant Wear Garment (CWG) (6)
28 Windows
29 Adjustable And Stowable Swivel Seat
30 Seat Hinge
31 Arm Rest
32 Work Top
33 Front Hatch
34 Upper Hatch
35 Floor Hatch
36 Cabin Floor
37 Alignment Optical Telescope (AOT)
38 Attitude Controller (R.H.)
39 Translation/Thrust Controller (L.H.)
40 Radiation Survey Meter
41 Voice Storage Recorder (V.S.R.) (2)
42 Experiment Tape Recorder (2)
43 Flood Lights - Cabin (2)
44 Work Top Lights (2)
45 Mid Section Dome Light
46 Food Storage 9. 7 cu ft
47 Food Storage 4.0 cu ft
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Fig. 6.3-3 Restraint Harness
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1. Phase II Laboratory
2. Descent Stage (Ref.)
3. Cylindrical Airlock (Config "A") 65 cu ft
4. Descent Compartment 47 in Dia x 87 in.Hig
5. Work Station Console Panel Area 7.0 sq ft
6. Work Station Work Top : 10 in.x 10 in.x 2C
7. Work Station Storage: 8 cu ft
8. Work Station - Seat (16 in Dia)
9. Descent Compartment Bottom Storage: 30

10. Hatch Internal
11. Tether Line
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Key

Phase II Laboratory :
Descent Stage (Ref.)
Descent Compartment
Shelter Airlock (Conf. "B") 85 cu ft
Work Station Console Panel Area 7 sq ft
Work Station Storage Area 8 cu ft
Work Area - Seat (Deployed)
Storage Area 30 cu ft
Descent Compartment-Full Capacity 85 cu ft
Constant Wear Garment (C.W.G.) 66 Units (7.4!
LiOH Cartridges (PLSS) 36 Units (5.45 cu ft)
Descent Compartment as an Airlock (Config. "CT

Descent Airlock External Hatch
Docking Tunnel
Docking Mechanisms (Ref.)
E nviromental Control Valves
Hatch - Internal
Pressure Dump Valve
Hatch - Upper
Hatch - Front
Tether Line
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Fig. 6.3-6 Alternate Configuration
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6.4 STRUCTURAL ANALYSIS

6.4.1 Design Conditions

The Phase II Lab structure must satisfy the requirements resulting from the various
phases of the mission profile for each particular flight category. The design
criteria and environments for the LEM have been used to establish subsystem design
concepts and feasibility for this study. It is anticipated that these requirements
will not be exceeded when the final configurations, experiments and payloads have
been determined. The .flight categories being considered for the Phase II Lab are:

• 200 n.mi 28.5 deg Inclination Earth-Orbit 45 days duration
• 19>350 n.mi Synchronous Earth Orbit 4-5 days duration
• 200 n.mi Earth Polar Orbit45 days duration
• 80 n.mi Lunar Polar Orbit 35 days duration

Inasmuch as the Phase II Lab does not have a landing requirement, the design criteria
resulting from descent, lunar landing and ascent are not considered in the analysis
for these vehicles.

Tabulated below are the pertinent design requirements used to establish the integrity
of the basic vehicle and subsystems. A factor of safety of 1.50 is applied to these
limit conditions to obtain ultimate loads. The Phase II Lab coordinates are shown
in Fig. 6.4-1

Limit Accelerations

Mission Phase X

Launch and Boost, S-V g

Lift-off +1.60

Max q (S-IC) ±2.07

Boost (S-IC) +4.90 .

Cut off (S-IC) -1.70

Engine Hard Over (S-Il) +2.15

Earth Orbit 0

Space Flight ' ;

SM Prop. Syst. Operating -.36

SM Prop. Syst. Not 0
Operating

id/raa/sec'

0

g

±.65

±.30

±.io

±.10

±.4o

0

±.062

0

Y or Z

rad/sec^

0

±1.99

0
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The mission vibration environment is represented by the following random and
sinusoidal envelopes considered separately:. ..

Input To Equipment Supports, Launch And Boost

Random Sinusoidal

Freq., cps. ' . Freq;- cps

From Exterior Primary Structure

10 to 23 12 db/octave rise to

23 to 80 0.0148 g2/cps

80 to 105 12 db/octave rise to 5 to 18.5 cps 0.154 in. D.A.

105 to 950 0.0444 g2/cps . 18.5 to 100 cps 2.69 g peak

950 to 1250 12 db/octave decrease to

1250 to 2000 0.0148 g2/cps- - '••••' •-•'• -

From Interior Primary Structure . '

10 to 23 12 db/octave rise to

23 to 80 0.0148 g2/cps 5 to 16 cps 0.154 in. D.A.

80 to 100 12 db/octave rise .to l6 to 100 .-cps 1.92 g peak

100 to 1000 0.0355 S2/cps

1000 to 1200 12 db/octave decrease to

1200 to 2000 0.0148 g2/cps

For design purposes, the above random spectrum applied for 5 min along each of the
three mutually perpendicular axes (X, Y, Z), in addition to the corresponding sin-
usoidal spectrum acting for 5 sec at the natural frequency of the equipment being
designed, will adequately represent the environment. - . •

Acoustics

Sound Pressure Levels in db External to LEM

(Re. 0.0002 dynes/cm )

C-5 at max
Octave Band, cps . level, db

9 to 18.8 . 136
18.8 to 37-5 ' • 142
37-5 to 75 - . . 146
75 to 150 - 143 • ••• •
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Acoustics

Sound Pressure Levels in db External to LEM (

(Re. 0.0002 dynes/cm )

C-5 at max
Octave Band, cps level, db

150 to 300 139

300 to 600 " 135

600 to 1200 ' " 130

1200 to 2400 125

2UOO to U800 . . 119

U800 to 9600 113

Overall ' 150

Preliminary Docking Loads (Limit) and Criteria

• Probe Contact;

o Axial Velocity 0.1 to 1.0 fps

o Radial Velocity 0.0 to ±0.5 fps

o Angular Misalignment ±10 deg

o Angular Velocity ±1.0 deg/sec

o Miss distance at probe ± 1 ft

• Loads;

o F = 2235 lb
.A

o FZ = 3118 lb

o M = 8l3U ft-lb

• Mass Properties

o Active Vehicle M ̂  2000 slugs )
)— C/M + S/M

slug- ft )

o Target Vehicle M - 2200 slugs )
2 ) S-IVB + LEM

1=1,150,000 slug-ft ) ,... .

• Final Hard Surface Contact

o Axial Velocity 0.15 fps ) Max. permissible for single point

o Fx = 5000 lb ) contact on non-parallel surfaces.
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6.U.2 Hard Point Provisions for Payload and Experiment Support Structure

6.̂ .2.1 General . ' - • '

A basic requirement for the integration .of experiments -and -payload onto the space-
craft is that the primary - structure will not require major modification. Where
necessary, additional localized strength will be incorporated into the ascent and
descent stages to provide attachment points for payload support structure.

Some preliminary studies and analysis have been carried out to determine the mag-
nitude of additional local load capability at various potential hard points on the
ascent and descent stage structures. In general, these hardpoints may be charac-
terized into, two groups. The first are those points at which no fittings or local
stiffeners exist currently for LEM, but which may be adapted for concentrated load'
application through the use of attachment fittings, stiffeners and skin doublers.
By this means concentrated payload support structure reaction forces can be deliv-
ered into the primary structure'for internal load equilibrium without over-loading •
the existing members. The second group are those hardpoints"at which fittings and
stiffeners currently exist on LEM. These points may be used to react additional
concentrated loads providing enough strength exists for-the combined input loads.
When necessary, it may be possible to increase the strength of these attachments
.by adding material thickness. The current studies are based solely on static load
conditions to determine structural feasibility; in later phases of'the program
dynamic response analyses of equipment and payload items with support structures,
will be conducted to verify structural integrity.- In addition to analyzing each •
payload and experiment local input into-the primary structure, each flight-category
must be checked for the critical loading environments to ensure the overall struc-
tural integrity of the primary members. -'.."•- : •

6.U.2.2 Ascent Stage Hard Points . ' . '.•.:.".-•• '-.:

Figures 6.U-2 and 6.U-3 show existing hard points in the LEM ascent stage. The
loads shown, applied, to these points, are ultimate allowable loads with the ..fuel
and oxidizer propellant tanks removed. These loads may be used for local :design
but are not necessarily applied simultaneously. The critical condition for the
Labs is the 7-35g boost. The loads shown may be combined with the interstage loads
from the descent stage for this condition only when applied in the directions
shown.

Points R and S do not have existing fittings but may be adapted for the concen-
trated loads shown with minor modification. The remaining points have existing
truss members joined to them by fittings or bulkhead lugs and may be readily picked
up.

6.U.2.3 Descent'Stage Hard Points

For effective usage of the LEM descent stage, hard point load distribution should
remain unchanged. Basic hard points on the existing LEM are located at engine
mounts, tank mounts, equipment shelf mounts, etc. The LEM descent stage primary
structure as well as the local structure is designed for these loads. The loads
are then transmitted by the structure to the trunnion points which provide reactions
for the boost conditions. Obviously, any new hard point requirement must be

/uisnma/L
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analyzed utilizing the above constraints. As previously outlined, both a struc-
tural and dynamic analysis would be required to verify integrity. Any Lab II
vehicle must remain"within the weight and inertia envelope dictated by the LEM
structure. All primary structural changes are to be compensated for by providing
alternate load paths. For example, loads in the tie rod which is to be removed to
allow the new water tank structural placement will pass through the tank truss.

The landing gear structure and the descent engine will be removed.

The descent stage hard point load capabilities are summarized below:

LEM Coordinates Incremental Allowable Load, Ib •

Hard Point X Y Z Px Py Pz

151 +196 +82 +27 ±900 ±750 ±1030

U +196 +82 -27 ±900 ±750 ±1030

The above loads are increments which may safely be added to existing loads without
requiring major re-analysis. Values shown are Ig (earth g) values and will be
valid for all loading conditions. The above is based on the premise that equipment
listed below is removed. The reference loads are shown in Fig. 6.U-̂ .

Ascent Stage Equipment Removed

-Y (left side) W -Y Moment

M/M shield ^ 6 50 300
Supports 11 50 550
Fuel 1920 . 71 136,200
Tanks 93 71 6,603
Plumbing 7 71 9̂7

2037 Ibs 1̂ ,150 inch-lbs,

+Y (right side)

M/M shield 6 50 300
Supports 11 50 550
Oxidizer 3080 ' 4 5 138,500
Tanks ' 93 5̂ ,̂180
Plumbing 7 ^5 315

3197 Ibs. 11*3,81l5 inch-lbs.
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6.̂ .3 Modifications to the LEM Descent Stage . ' x

The Lab II configurations are basically "LEM structure, with some modifications
where necessary. All modifications 'must be analyzed to meet the design criteria•
set forth by the 35 launch loading-conditions studied in the LEM program. Any
pertinent changes such as a max. qa. (due to a different launch trajectory) will
be incorporated into the design criteria. The basic seven groups of loading con-
ditions will be the same as that of LEM. Primary ascent-descent stage interface
loads will be proportional to those of the LEM.

Basic hardpoints on the LEM, which have their member components replaced for Phase
II Lab application, require new environmental analysis. In many instances, careful
design of racks or loading platforms will enhance local load carrying capability,
especially in cases where the design is now limited by vibratory stresses.

Some of the proposed changes to the LEM descent stage are:

• Cryo tanks will replace the descent propellant tanks

• Two helium and two GOX tanks will be replaced by the Allis-Chalmers
fuel cell assy, water, tank, etc. •

• The MM shield will be replaced by the radiator support assy.

• Docking tunnel may be added in place of the descent engine.

As an alternate design, a low profile descent stage (LPDS) Is being offered on a
per-flight basis. This 30 in high descent stage is coupled with a LEM ascent
stage. A more compact vehicle with greater useful volume is thereby attained.
With certain payloads this Phase II Lab configuration can be injected into higher-
inclination orbits. The eg of this vehicle will in general have a higher X loca-
tion. New load data are being generated for the LPDS. A preliminary analysis for
primary loads has been accomplished utilizing the ASTRAL* System. Any redundant
critical local area will be analyzed using stiffness or energy methods. Another
variation of the LPDS is the removal of one of the lower deck tie rods to facili-
tate the installation of one large tank. As an example of increase internal load-
ing, Condition No. 1 (end of Boost 7.35 g ultimate) was checked by comparing two
computations, representing the LPDS with and without this tie rod. When a member
such as this is removed, a ^6% increase in loads occurs in some of the local -
members. It is therefore, apparent that the removal of any tie rod type member
would necessitate a complete re-analysis of the primary structure. A detail re-
design of at least the two faces of the adjacent bays from which the member is
extracted would be mandatory.

*Automated Structural Analysis .using a large, stiffness program on the IBM 7094.
In this program, a three-dimensional mathematical model of the lattice array of
primary structure is internally balanced against the applied loads.

j/uimman.
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6.k.h Seven Psi Two-Gas System -

A preliminary analysis of a two-gas system has -been made to determine the magnitude
of structural changes required to maintain the existing safety factors on pressure
and/or the reduction in safety factors if existing structure is maintained. An
ultimate factor of 2.0 was applied to limit loads for pressure 'acting alone and an
ultimate factor of 1.5 was applied to limit loads for combined conditions of pressure
and inertia forces due to landing and maneuver loads. . .

The two-gas system raises the pressure from a nominal 5 psi to 7 psi, and the re-
lief valve setting from 5.8 psi to 7-8 Pgi> respectively.. The relief valve pres-
sure is considered as limit pressure.

There are a number of items in the ascent stage that are critical for pressure
alone. The forward face in the cabin section is designed almost entirely by" pres-
sure with the exception of the front face beam. The cabin skins are chemrmilled
to a minimum thickness of 0.013 in with 0.030 in lands at the frames. The 0.013
chem-milled pockets are critical in hoop tension for pressure alone. The frames
and 0.030 chem-milled pads are sized by diagonal tension loads due to panel buck-
ling under primary loading conditions and should not be affected by an increase
in pressure. These criteria also apply to the side skins in the mid section.

The X253 and X280 longerons in -the cabin are .critical for pressure loading. The
critical areas extend through the splices at the +Z27 bulkhead and into the mid-
section. The +Z27 bulkhead, which is the back pressure wall for the outer portion
of the cabin, is critical under pressure loading. All of the hatches and windows
are designed by local pressure loading. In the mid-section there are two horizon-
tal decks at X277 and X253. These decks redistribute pressure loads from the +Z27
and -Z27 bulkheads. The deck at X29̂  forms the bottom of the .docking hatch struc-
ture. The docking hatch structure is designed by combined loadings from pressure,
docking, and maneuver loads. The increased .pressure combined with docking and
maneuver loads could require major structural changes in this area. Docking and
maneuver loads will determine the magnitude of these changes. Approximately 50%
of the -Z27 bulkhead is designed by .pressure loading. There are also a large num-
ber of machined parts, end fittings, splices, clips, etc., which. would be affected
b y a pressure increase. . . . .

In summary, a two-gas system on existing LEM structure would have an ultimate., fac-
tor of 1-5 on pressure alone and 1.1 for combined loadings. Table 6.4-1 summarizes
the critical areas and necessary changes to major components which would be re-
quired for a 7.8 psi system with ultimate factors of .2.0 and 1.5. Figures. 6. U-3
and 6.U-5 show some of the affected areas .given in the reference table.

6.U.5 Micrometeoroid Shielding (Acoustic Fatigue)

Micrometeoroid penetration considerations will determine the minimum average gage-
and skin spacing stand-off from the protected structure. However, the shielding
must be designed for its ability to withstand sonic fatigue during the launch and
boost condition.
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For the LEM, typical micrometeoroid shielding, which also acts as thermal shielding,
is an 0.006 aluminum alloy skin held away from tbe main structure by nylon stand-
offs. The standoffs offer point support and are spaced approximately 12 in. apart.

Vibration tests have been conducted on a flat specimen of this type construction
(Ref. LTR 905-11001 - Results of Vibration Tests, LEM Structural Elements - C. Birn,
Grumman, April 1965). A flat specimen was conservatively chosen since curved
panels, such as those on the ascent stage, will offer greater resistance to
acoustic fatigue. A partial failure of the washer'head of the nylon standoff was
encountered. The failure was not serious, however,' since the standoff still con-
tinued to support the aluminum face sheet. After completion of these tests the
specimen was exposed to an acoustical test at an overall sound pressure level of
150 db for 2 minutes (which is the design level) and no failures were observed.
However, when the overall sound pressure level was increased to 15̂ - db (which is
an overload condition),.the washer heads of three nylon standoffs failed. These
failures allowed the face sheet to slide along the posts, thus eliminating the
skin spacing required for protection. The standoffs are currently being rede-
signed to eliminate the .stress concentration at the juncture of the washer and
post. It is anticipated that the redesign will eliminate this type of failure.

Alternate methods of construction, see Fig. 6.4-6, were investigated using the
techniques of ASD-TDR-63-820 (Structural Design for Acoustic Fatigue - Air Force
Flight Dynamics Laboratory, Wright Patterson Air Force Base, October 1963). A
comparison was made of the following types of construction which are listed in
order of preference for weight criteria:

1) Honeycomb panels
2) Skin with bonded doublers and ribs
3) Skin and rib
U) • Corrugated panels ... .
5) Beaded panels

Since the design reference data used were developed for aircraft applications, the
lowest number of design cycles considered were a factor of 10-100 times greater
than those anticipated during the launch and boost conditions. The gages required
were, therefore, 5-30 times greater than that used for LEM. An exception was the
honeycomb construction where the sum of the two face gages was only 1.5 to 2 times
as great.

It is planned that the LEM type construction with improved design be used for the
Phase II Lab, with an increase of skin gage as required for meteoroid shielding
for the lU-day mission. Although increasing the -gage is usually beneficial with
regard to fatigue, a change in dynamic characteristics, especially of the sub-
structure, will occur. Acoustic testing,of the new configuration is therefore
planned later in the program. As an alternate design approach, honeycomb or per-
haps crushed honeycomb (bond-o-lite) face sheets will be investigated because of
the apparent advantages over single sheet construction. Since the honeycomb may
not provide the best meteoroid protection, due to its tendency to contain the gen-
erated gases in a single core cell, it is planned to also investigate the use of
the other configurations mentioned above as alternatives.

AummarL.
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6.U.6 Special Maneuvers

6.4.6.1 Interface Loads .

For flights performing the artificial "g" experiment, it had originally been pro-
posed in the work .statement that the orbit be circularized using the SPS engine.
A preliminary analysis of CSM-LEM interface loads during this maneuver was made by
calculating rigid body modes using the S-IVB/LEM/CSM .configuration. Subsequent
redirection caused this investigation to be terminated. The preliminary analysis,
reported below, shows that the gimbal angle should be restricted to U.4 degrees so
that allowable bending moments will not be exceeded.

Figure 6.̂ -7 shows the overall configuration.

WEIGHT (Ibs.) , leg (Slug-ft2)

SIVB 32,905 217,000

CM 20,000 3̂ ,336 • "

SM' ' Ml, 600 " 35,300

LEM '29,500 19,800

Total ... . 127,005 3,523,056

The eg of the total system is at Sta. 3261.289.

It was assumed conservatively that the maximum SPS engine thrust approximately of
20,000 Ib. can be applied throughout the full gimballing angle of 13.9 deg.

Q = 20,000 sin 13.9 (3662.55 - 3261.289) = 0.0*̂ 66 rad/sec2

3,523,056

y = 20,000 sin 13.9 x 32.2 = 1.218 ft/sec2

127,005

The .moment at the LEM/ GSM interface is: . .

H = T-e(X SIVB -*) + y ] WSIVB (54.00) +

' Mcg SIVB

= [-O.OU560 (1*5.36) + 1.218 ]32^5 (5^.00)

+ [-0.01*560 (0.853) +I.2l8]2g2° (9.5^)
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- 9896 - 902.9

M = -U7,310 ft-lb

If a magnification factor of 2 is used,

M . = -9k, 620 ft- lt»design ' • -

The LEM hatch, however, is designed to carry a moment of 30,000 ft-lb. This value
can be met by restricting the gimbal angle to k.h deg.

6.U.6.2 Interface Loads for Combined Flight 523 to Flight 228 and GSM (Fig. 6.U-?)

A preliminary analysis has been made to study the interface loads due to docking
Flight. 523 to Flight 228 and the GSM. This "study was carried out. to determine if
the hatch interface loads for which LEM is designed would be exceeded. The design
conditions considered were (l) the. mid-course -correction maneuver using the SPS
engine thrust, (2) docking maneuver loads, (3) attitude correction maneuver using
the ECS thrusters. A rigid body solution shows that the current design conditions
will not be exceeded, provided that the SPS engine gimbal angle is limited if it
is required for inflight maneuver. , . •

Approximate weights: LEM Lab 228: 17523 Ib • , . •.
LEM Lab 523 : 25312 Ib

• 2 ' • -
. Approximate moments of inertia Lab 228: 10950 slug-ftp

. . . . • . • . • Lab 523 : 15700 slug-f t " • '

The SPS Engine- thrust is approximately 20,000 Ib. Conservatively assuming that
the SPS maximum engine thrust can be applied throughout the full gimballing angle
o f 1 3 . 9 d e g : . - . . ,

Total weight of combined vehicle 107,̂ 35 Ib •
eg at station 3390. .

• 6 2
leg = 1.07 x 10 slug- ft •. . .

Meg = 20,000 sin 13.9 deg (3662-3390) = 1.305 x 10 in-lb; 109,000 ft-lb

•e- _ 1.09 x 10?
. 1.07 x 10° = 0.1015 rad/sec^

U820 x 32.2 = l.hk -ft/sec2

. y - 107*35 :. • . .

Moment at hatch interface between Lab 523 and- Lab 228

M =[-<? (x-5E) + yl VZp. x 9.5 - M
L J s S523
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= [~-0.1015 (26.9) + ±M IrQ? x 9.5 - 0.1015 (15,700)

- 11,285 ft-lb

Moment at hatch interface between 228 Lab and GSM

M = -fli (x 0 - x) + y 229 x - M
229 J -y— CS228

If a dynamic magnification factor of 2.0 is applied to the above moments, the re- •
suiting values will exceed th6 design limit moment of approximately-30,000 ft-lb
used to design the LEM hatch. The above loads indicate that the SPS engine
gimballing angle would have to be limited to approximately 7'deg for any maneuver
of this type. • ; •

6.4.7 Equipment Supporting Structure " ; " • • • " - ••'•'

6.4.7.1 Phase II Lab Aft Equipment Bay

The aft equipment rack is attached to the -Z27 bulkhead at points A, B, H, A ,
B-1-, H1 (Fig. 6.4-8). The existing LEM'aft equipment rack is designed for a gross
weight of 990 Ib. The design loads in the various truss members for the gross
weight are given in the table. It is proposed that five 104 Ib GOX tanks in the
aft equipment bay replace two 67 Ib GOX tanks and two 8 Ib Helium tanks. This
change increases the design gross weight from 990 Ib to 1360 Ib and moves the eg
forward approximately six inches to -Z57. Based on the change in gross weight; and
neglecting the small eg shift, there would be a 39% increase in the truss member
loads for the boost condition. Truss members AC and BC would have to be redesigned
for the boost condition. Truss members AC and BC would have to be redesigned for
the increased load in the 7-35 g boost condition. In addition, local redesign
would be required where these members are attached to the -Z27 bulkhead. ' See Table
6.4-2 for the axial loads in rack truss members.

6.4.7.2 Ascent Stage - Mid-Section Canister - Phase I Lab

The mid-section canister is a cylindrical container pressurized to 11.5 psi and
carries a maximum load of 125 Ib. It is supported at -X233-5 and 2 in off center-
line. A vertical acceleration of 7.35 g (ultimate) and 0.6'g lateral acceleration
is experienced by the payload during launch and boost.. These accelerations produce
950 Ib vertical and 75 Ib lateral loads. The eg of the load is assumed at 25 in
below the top of the containers resulting in a moment at the "top of 1875 in-lb.
Loads and geometrical configuration of the canister are shown in Fig. 6.4-9.
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The vertical component of 920 lb-gives a peripheral reaction on the supporting rim
of approximately 13 Ib/in. The lateral load of 75 lb (1875 in-lb) produces a
reaction on the supporting rim which varies as a sinusoidal distribution. As an
average, the moment divided by the diameter gives a reactive load of"82 lb.
Assuming the 82 lb acting over a quarter of the periphery produces a reaction of
±U.5 Ib/in. The total unit load per inch then becomes 13 ±̂ .5 = IT.5 Ib/in.'max-
imum. This load is not critical and therefore the arrangement is feasible.

6.U.7.3 .Viewfinder Installation • '••:. . . . - ; • - • - • •

An optical viewfinder weighing..approximately-30 ,lb is'mounted in the LEM window-
opening by means-of an adapter that ̂ replaces the window. .An acceleration factor
of 7-35 g (boost and launch condition) gives a total of 30 lb x 7.35 gy or 220 lb.
This load has a,moment arm of approximately 2. in-relative to-the peripheral con-
necting points, producing a moment about the periphery of Mn in-lb. The result-
ing reactive couple of UI lb is assumed' acting sinusoidally over.the periphery.
This sinusoidal distribution produces a maximum coordinate load of ±6.92 .lb̂  The
internal cabin pressure of 11.5 psi produces a peripheral load of 11.5 x TT D or

28.75 Ib/in. over a 10 in diameter circle. The maximum total applied load is there-
fore 28.75 + 6.92, or 35.67 lb.

The window bolting pattern was established primarily to prevent rotation of the
joint thereby maintaining air-tightness integrity. The new load therefore will
not influence the overdesigned bolting pattern since strength was not the original
prerequisite.

6A.8 Materials

The major materials problems associated with the Phase II Lab missions in addition
to those of the LEM are those imposed by the increased mission time and the differ-
ent environmental conditions created by the various mission profiles. These con-_
ditions in many cases will affect or alter the choice of materials originally made
for the LEM.

Some of these areas where changes, and in most cases additional testing, would be
required are:

• Non-metallics; The toxicity and materials outgassing analysis as estab-
lished by Engineering Materials and Crew Systems for LEM are being reviewed
in light of present Phase II Lab requirements. Assuming the crew environ-
ment established-for.LEM, the effect of increased time on materials already
evaluated must be studied. It may be assumed that those materials already
rejected for use on LEM will also be rejected for use on Phase II Lab;
however, a close look and possible re-evaluation of approved materials will
be necessary. Materials are now evaluated for a total of 3 days in con-
trast to contemplated missions of ̂ 5 days and more. Since the quantity of
outgassed products per material may have to be reduced because'of increased
mission time, and because increased degradation may take place, retesting
in some cases may be necessary.

_
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Compatibility; One of the more difficult problems arising from extended
missions is compatibility. 'Many of the materials, metallics and non- me-
tallics alike, are questionable under extended exposure to fuels and/or
oxidizers. The use•of gaseous oxygen may also present problems for certain
materials.
Transparencies ; The mission profile and time of some of the AES missions
will require additional testing of these materials. The effect of prolonged
UV radiation on the visibility, the number of micro-meteoroid hits the win-
dows must withstand and other criteria would affect, and possibly alter,
the materials under evaluation for LEM.
Thermal control coatings;' The requirements for -these coatings depend on
the mission profile. Stable coatings such as LTV-602 white silicone paint
are available; however, the weight penalty in using these may be excessive.
Anodize as a thermal control coating is being-used on LEM, and with varying
processing parameters could answer many Phase II Lab requirements; however,
the thermal control system used on LEM'was established solely that for
specific mission.
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Table 6.4-2

AXIAL LOADS TRUSS

Lxial Loads in Rack Truss Members (Gross Wt = 990 Lb)

re

570

•50

.14

.44

.12

i!3

151

?12

67

66

IVC

-2613

+3351

+ 212

+ 67
- 866

-2370

+3150

+1114

+ 144

+1112

Boost

7-35g
Al

-3029

+3688

+ 343

- 9i

- 299

-3006

+-3669

+ 431

- 83

- 107

A2
-3053

+3687

+ 373

- 118

- 165

-3077

+3706

+ 285

- 125

- 357

nz=+.ig

F
la

+1168

- 97

+1986

+1137

+1889

+1168

- 97

+1986

+1137

+1889 .

nz=-.lg

Flb
-1996

+1101

-1888

-1165

-1952

-1996

+1101

-1888

-1165

-1952

Vibratory Conditions , ̂ Random gs

ny=+3-5g

F
2a

- 689

+ 729

- 975

- 102

-2277

- 138

+ 274

+1072

+ 73

+2213

Vr3-58
F2b

- 138

+ 2J4

+10J2

+ 73

+2213

- 689

+ 729

- 975 -

- 102

-2277 '

n =+3-5g
.A.

• 'F4a
-1862

+2258

+ 219

- 64 '

- l4p

-1862

+2258

+ 219

- 64

- 142

V-3.5g
F4b

+1034

-1254

- 122

+ 35

+ 79

+1034

-1254

- 122

+ 35

+ 79

F3a
-2662

+1423

-2787

-1478

-2320

-2662 '

+1423

-2787

-1478

-2320

F3b
+1782

- 391
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+1478

+2320

+1782

- 391

+2787

+1478

+2320

* All Conditions Include N = +lg
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Hard
Pt.
E
G
S
R
Q
p
P4

X
253.5
228.0
294.6
294.6
252.0
229.4
211.3

Y
±45.0
±18.4
±36.7
±36.7
-46.8
±43.7
±22.5

Z
-27
-27
-27
+27
+27
+27
+64.6

±5000

R

+X

+Y

+Z

8600

572

Note: Loading (in Ib) is symmetrical
except where shown.

Fig. 6.4-2 Ascent Stage Mid-Section
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Hard Points

Descent Stage Hard-Point Location

+Z (Fwd)

Fig. 6.4-4 Descent Stage Hardpoints
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.Meteoroid Shield Access Holes

Aluminized
Mylar
Siiperinsulation

Structural Skin
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Fig. 6.4-6 Alternate Meteoroid Shield Supports
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