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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
IIT 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 PDP 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
IIT 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 compnse this report are
as follows:

I Phase B Preliminary Definition Plan
(30 Oct 1965)
II  Preliminary Definition Studies
Summary
III 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
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

XIII

XVII Manufacturing Plan
XVIII AES Modifications to LEM
Quality Control Program Plan
XIX Ground Development Test Plan

XX Support Equipment Specification

XXI1 Facilities Plan
XXII Support Plan
XXIII Transportation Plan
XXIV Training Equipment Requirements
XXV  Support Equipment Requirements
XXVI Management Plan
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MASTER END ITEM SPECIFICATION

PHASE IT LABORATORY

- APOLLO EXTENSTON SYSTEMS - LUNAR EXCURSION MODULEO
1. SCOPE

1.1 Scope. - This specification establishes the
requirements for the Baseline Phase II Laboratory of the Apollo Ex-
tension Systems - Lunar Excursion Module, hereinafter identified as
Lab II. The Lab IT shall be a Lunar Excursion Module modified to enable
crewmen to perform scientific experiments and observations during
earth and lunar orbitel flights of up to 45 days duration. The Lab II
shall permit the crew to survive in the orbital environment, transfer
to and from the Command Module (CM) when docked, and transfer'to and
from space for extravehicular activities. Speciiic vehicle deviations
from the Lab II configuration which are imposed by different mission
requirements shall be defined by individual End Ttem Specifications,
prepared as addenda to this Master End Item Specification.

1.2 Objective. - The objective of this specification
is to define the total requirements- of the Lab II. The performance .
of the Lab II is contingent upon the performance of those LEM equip-
ments which must be utilized in the Lab II without modification.
Maximum utilization of LEM hardware is the primary constraint imposed
upon the Lab II design.

1.3 Baseline. - For the purpose of this specification,
baseline represents the recommended configuration delineated in the
Phase B Final Report.

Eng 200.3 3-65 )
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2 APPLICABLE DOCUMENTS

2.1 Document Precedence. - The following documents, of exact
issue shown, form a part of this specification to the extent specified
herein. In the event of conflict between the documents referenced here and
other detail content of Sections 3, 4, 5 and 10, the detail requirements of
Sections 3, 4, 5 and 10 shall be considered a superseding requirement.

2.1.1 ‘Specifications. -

Number Title : Date
NASA

MSC-ASPO-S-5B Manned Spacecraft Center (MSC) Apollo 2-10-64

Spacecraft Project Office (ASPO)
Soldering Specification; and Supplement
dated 5-18-65

MSFC-PROC-158A Soldering of Electrical Connections 4-12-62
(High Reliability), Procedure for

Military

MIL-E-6051C Electrical-Electronic System Com- 6-17-60
patibility and Interference Control
Requirements for Aeronautical
Weapon Systems, Associated Subsystems
and Aircraft

MIL-P-T7788A Plate, Plastic, Lighting ' 2-15-61

Grumman

ESP 12-9110 Experimental Payload, Performance and 12-1-65
Interface Specification, Phase II )
Laboratory Apollo Extension Systems -
Lunar Excursion Module (Preliminary)

LSP-14-001 Identification Markings, General 12-1-63

Specification for

Eng 200.3 3-65 ' 3
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2.1.1 (Continued)

Number Title

LSP-1L4-009 with  Preservation, Packaging and

Amendments 1 Packing, General Specification for
through 4
LSP-390-001 Bonding, Electric:l, General

Specificetion for

LSP-390-002 Wiring and Wiring Devices,
Installation Of, General Specification for

LSP-530-001 with Electromagnetic Interference Control
Amendment 1 Requirements, General Specification
for

North American Aviation

TBD AES-CSM/Lab II Performance and
Interface Specification - Block IT

2.1.2 Standards. -

Military

MIL-STD-704 ~  Electrical Power Aircraft,

Characteristics and Utilization of

MIL-STD-810 Environmental Test Methods for
Aerospace and Ground Equipment

Inter-Range Instrumentation Group

TRIG-106-60 Inter-Range Instrumentation Group
(IRIG) Standards

2.1.3 Drawings. -

NASA

MSFC Drawing Manned Space Flight Center Drawing

10MO10T1

Date

4-22-65

10-5-59

6-1L-62

8-62

Eng 200.3 3-65 L
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2.1.3 (Continued)

Number Title Date

Grumman

AES-CP-100k4 Lab IT Inboard Profile

T3D Level I Functional Diagram

2.1.4 Bulletins. -

NAasA

EC-1 Manned Spacecraft Center (MSC) 11-8-63

- Engineering Criteria Bulletin

AFMTCP-80-2 General Spacecraft Center (MSC) 11-8-63

Vol. 1 Engineering Criteria Bulletin

2.1.5 Other Publications. -

NASA

NPC 200-2 Quality Program Provisions for 4-20-62
Space Systems Contractors

NPC 250-1 Reliability Program Provisions 7-63
for Space Systems Contractors

2.2 Availability of Documents. -

2,2.1 NASA and Government Documents., - Copies of NASA and

Government documents may be obtained from the Superintendent of Documents,
Government Printing Office, Washington, D.C., 20k02.

Eng 200.3 3-65 5
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2.2.2 Grumman Documents. - Copies of this specification and
otrer applicable Grumman documents may be obtained from AES Program Data
Management, Grumman Aircraft Engineering Corporation, Bethpage, Long Island,
New York, 1171kL.

2.2.3 North American Aviation Corporation, Space and
Information Systems Division Documents. - Copies of North American
Avigtion Corporation, Space and Information Systems documents may be
obtained from NAA, SID, Downey, California, Attention: Mr. R. Berry, Mgr.
Assoc. Cont. Admin.

3 REQUIREMENTS

3.1 Performance Requirements. -
3.1.1 Operational Requirements. -
3.1.1.1 Miggion Related Requirements. - The Lab II shall be

capable of performing earth orbital and lunar orbital missions of up to

45 days. The Tab IT shall provide for normal operation under the maximum
levels of natural and induced environmental and load conditions independent
of the illumination environment. Temperature control of the spacecraft
shall impose no constraint upon the Lab IT attitude. The Lab IT shall
accommodate a two man crew, and shall provide the extravehicular 1life support
equipment and recraryeable consuvmables for TBD manhours of separation from
tre Tab. The Tab IT shall satisfy its performance requirements when docked
to the CSM or when separated from the CSM. The Lab II shall provide for
communications with the CSM, the EVA and e.irth-based communications
facilities. The Lab IT shall be capable of being attitude oriented to a
known attitude coordinate frame of reference, maintained at that attitude
orientation, and changed from that orientation to another in a controlled
manner, without loss of referecnce (o the original orientation. Lab IT
attitude control capability shiall bhe provided for both automatic -and manual
operation. The T.ab IT shall incorporate provisions for electrical energy,
mounting and data handling for the experimental payload.

3.1.1.2 Vehicle Performance Requirements. -

3.1.1.2.1 Guidance, Navigation and Control Requirements. - The
ILab II shall have the capability, while docked to the CSM, to:

Eng 200.3 3-65 ) ’ 6
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3.1.1.2.1 (Continued)

(a) Establish vehicle attitude with respect to an inertial geocentric
or selenocentric triad within 12.0 arc minutes maximum per axis.
The vehicle attitude reference drift shall be less than or equal
to 1.1 degree per hour per axis over a 30 day period without
restriction on duty cycle.

(b) Maintain vehicle attitude with respect to the extablished
reference plus drift within deadbands of 0.3 degree nominal for
TBD hours and within 5.0 degrees nominal for TBD hours.

(c) Change vehicle attitude, with respect to the vehicle attitude
reference at the start of the attitude change maneuver, within
0.0005 degree per net degree of vehicle rotation about any axis
for vehicle rates up to and including TBD degree per second.

(d) Attain angular accelerations about the vehicle X, ¥y and z axes,
singularly or in combination, of TBD radians per second per
second maximum for vehicle moments of inertia of TBD slug feet
squared.

(e) Change vehicle attitude by either automatic or manual control at
vehicle body rates up to TBD degrees per second for a total
of TBD times about all axes.

(f) Provide display information to enable the crew to perform manual
vehicle control functions.

3.1.1.2.2 Electrical Power Requirements. - The Lab II shall supply:

(a) 1680 kilowatt hours (kwh) of electrical energy for the Lab II
systems and experimental payload (EP). 676 kwh of the 1680 kwh
of electrical energy shall be allocated for the EP.

(b) Electrical power in the form of 28 volts d-c nominal and 115
volts rms a-c single phase, 400 cps nominal.

Eng 200.3 3-65 7
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3.1.1.2.3 Environmental Control Requirements. - The Tab IT cabin
atmosphere will be controlled by the CM environmental control system

during normal pressurized operations. The Lab II shall provide the capa-
oility for:

(a)

(v)

(c)

(a)
(e)

(£)

(g)
(h)
(1)

Storing and delivering oxygen and nitrogen as required to make up
losses associated with Lab IT and Lab II/CSM interface leakage and
with airlock repressurization after EVA periods. The following
shall be accomodated.

(1) Cabin leakage: 0.0l pounds per hour.
(2) 1Interface leakage: 0.18 pounds per hour.
(3) Cabin repressurizations: Ak.

Depressurizing the Lab II cabin within TBD minutes, TBD minutes
for emergencies, and repressurization to 5.0 psia within TED
minutes.

Maintaining space suit environmental control during suited
operations including oxygen supply, temperature control,
ventilation, removal of odors and noxious gasses, removal of
foreign objects which might cause ECS malfunction or impairment
of crew performance, removal of moisture, and control of the
carbon dioxide level in the suit atmosphere.

Cooling or heating the suit circuit by TBD to TBD degrees F.

Cooling or heating the cabin atmosphere from TBD to TBD
degrees F.

"Active thermal control for Lab II and experimental payload

equipment which is not passively cooled.
Rejecfing the Lab II waste heat.
Exchanging conditioned atmosphere between the CSM and Tab II.

Preventing overpressurization of the cabin pressure shell.

Eng 200.3 3-65
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3.1.1.2.3 (Continued)

(j) Refilling Portable Life Support System (PLSS) expendables for
TBD EVA manhours, including:

(1) Storage and refill of 02 system at TBD pounds per
manhour.

(2) sStorage and refill of water for cooling system at TBD
pounds per manhour.

(3) Storage of LiOH cartridges of TBD weight and volume.
(4) Storage of PLSS spares of TBD weight and volume.

3.1.1.2.4 Telecommunications Requirements. - The Lab II shall
provide for:

(a) Communications with the Manned Space Flight Net (MSFN) to
220,000 nm slant range minimum, including:

(1) Two-way voice

(2) Telemetry (including biomed)
(3) Emergency key

(4) Tracking and ranging aids

(b) Communications with the CSM while docked and to 550 nm slant
range minimum when separated, including:

(1) Two-way voice (hardline when docked)
(2) TV-hardline only

(3) Telemetry to CSM (when separated only)

Eng 200.3 3-65
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(e)

(a)
(e)

(e).

(a)

3,1.1.2.4 (Continued)

Communications with EVA to 3 mm slant range minimum, including:
(1) Two-way voice

(2) EVA Biomed data relay to MSFN.

Intercommunication between the two crew stations.

Operational instrumentation to acquire and process data
determining spacecraft and crew status; route data for
transmission for ground monitoring and to the crewmen for
caution and warning display.

Experimental instrumentation to acquire, process, record and
playback preconditioned experimental data as specified in the

Grumman P & I Specification ESP 12-9110.

Timing frequencies and reference for equipment and experiment
synchronization.

.2.5 Structural Requirements. -

Thermal control - The Lab II shall be protected thermally
from the environmental extremes which occur during translunar
coast and earth and lunar orbits.

Meteoroid protection - Meteoroid protection shall be provided
to prevent critical damage of equipment or expendables and
possible loss of crew.

Crew visibility - Exterior visibility provisions for the Lab II
crew shall be the same as for the Apollo Lunar Excursion Module
(LEM). Interior visibility shall not be blocked by projecting
structure.

Ingress/Egress - Means shall be provided to get the crew from
and to the CM while the vehicles are joined and to and from
free space. :

Eng 200.3 3-65
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3.1.1.2.5 (Continued)

(e)

(£)

(g)

Pressurized cabin -~ The cabin, which houses the crew, shall
be capable of holding oxygen at 5.2 psia pressure. The cabin
shall also be capable of experiencing multiple repressuriza-
tion cycles.

Support for equipment (subsystems and experiments) - The pri-
mary structure and secondary equipment supporting structure
shall sustain without failure the loads imposed by accelera-
tions and vibrations resulting from the launch vehicle and
SM engine thrustings during the mission phases and the loads
produced during docking. When required, the structure shall
provide an interface with the equipment that minimizes shock
and vibration inputs, and holds the required alignments between
dependent pieces of equipment and between equipment and body
axes.

Lab II/CSM docking interface - The docking interface with the
CoM shall permit a structural tie between the vehicles to
allow intra-vehicular transfer of crew and equipment and -
provide means for required umbilical connections. This
interface with the CSM should be at the Lab II upper tunnel.
and in a plane perpendicular to the X axis.

3.1.1.2.6 Crew Provisions Requirements. - Provisions shall be

(a)

(b)

made for the following:

Space Suit Assembly and Portable Life Support System -
Capability for crew members to don spacesuit assemblies
ungided within TBD minutes, and to perform required tasks
while suited up and on the suit loop of the ECS. Capability
to don PLSS and maneuver for EVA ingress/egress.

Support and Restraint {mobility) - Protection of the crew
members from physicel injury, protection of equipment from
damage due to inedvertent contact force. Support and mobility
to crew members as required for comfort and performance of
their duties. o

Eng 200.3 3-65
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3.1.1.2.6 (Continued)

(c) Lighting - All illumination on the Lab II necessary to task
performance under any external ambient lighting conditions.

(d) Living Necessities - Food, (no crew system water to be carried
in Lab ) TBD pounds.

(e) 1Inboard configuration control - 3election, allocation and
arrangement of space for stored or installed items and expend-
ables for crew utilization within the pressurized cabin area.
The arrangement and accessibility of controls, displays, and
equipment shall allow the crew to efficiently accomplish
necessary tasks, including ingress/egress.

3.1.1.3 Mission Technique. - The relstionship “etween i-e
mission phases delineated in 3.1.2.8 an? the detailed mission profile
shall be defined in the irdi--iZ 'l Tnd Ttem specifications written as
addenda to this specification tTor each flight.

3.1.2 Operability Requirements. -

3.1.2.1 Reliability - The mission success reliability
o eenives Tor 1ie Lab IT shall be based on the operating times and en-
TironrenTal condiiilorns inenrred during each Lah TT flight.

n.1.2.1. Reliability Objectives. - The reliability objectives

for the Tab II exclusive o: the experimental payload shall be:

(a) Mission Success - TBD

(v) Crew Safety - TBD

The reliability objectives shall be exclusive of radiation and meteoroid
impact consideration.

3.1.2.1.2 Crew Safety Reliability Objective. - The crew safety
reliability objective shall be to minimize the probability of injury
or loss of a crew member, due to a failure, or combination of failures,
of Lab IT equipment.

200.3 3-65
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3.1.2.2 Maintainability. - Where feasible, the Lab II shall
be designed to provide accessibility, replaceability and serviceability
consistent with efficient servicing, checkout and maintenance operations.
As & design consideration Lab II equipment shall be designed for rapid .
repair or replacement of malfunctioned equipment consistent with launch
window requirements. Where practical, maintenance of Lab II equipment
shall not require the use of special tools.

3.1.2.2.1 Vehicle Maintenance Concept. - There shall be no in-
flight maintenance requirement for Lab II subsystems except for certain
items which will be identified by Grumman and approved by NASA. The
Lab II subsystems shall be designed for field maintenance as follows:

(a) For electrical or electronic equipment or both (either installed
or on the bench), checkout and replacement shall be at the
integral package (black box) level. A "black box" is defined
as a combination of factory replaceable units which are con-
tained within a physical package, and which is removable from
the Laeb II as an integral unit.

(b) For non-electrical or non-electronic equipment or both
(either installed or on the bench) checkout and replacement
shall be at the lowest replaceasble serialized unit level,
which includes only those parts which are removable as
integral units from the Lab II.

3.1.2.2.1.1 Test Points. - Test points and test ports shall be pro-
vided and identified to permit rapid fault isolation to the replaceable
assembly or component, as applicable.

3.1.2.3 Useful Life. - The Lab II subsystems equipment shall be
designed for an operating life and shelf life consistent with the opera-
tional and reliability requirements. Storage of explosive materials is a
special case covered in the explosive device subsystem..

3.1.2.4 Naturel Environment. - The Lab II shall be designed to
meet its operational requirements during and after exposure to the follow-
ing natural environments:

Eng 200.3 3-65
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3.1.2.4.1 Transportation, Ground Handling and Storage of Non-
Operating Lab II Equipment. - The following environments will be encountered
by non-operating Lab II equipment during transportation, ground handling and
storage. Leb II equipment shall be protected by suitable packaging for
transportation and storage if these environmental extremes exceed the
equipment design requirements.

3.1.2.4.1.1 Temperature. -

Air Transportation - 45 to 140 degrees ¥ for 8 hours.

~—

(a

(b) Ground Transportation -

(1) Prackaged: -65 to +160 degrees F for two weeks.

(2) Unpackaged: -20 to +110 degrees }' air temperature plus 360
BTU7sq.ft./hr. up to six hours per day.

3.1.2.4.1.2 Sand and Dust. - As simulated by Standard+MIL-STD-8lO,
Method 510, Procedure I. Modify exposure temperature to +90 . 20 degrees [
instead of +160 degrees F.

3.1.2.4.1.3 Fungi. -~ Exposure as defined in Standard MIL-STD-810,
Method 508, Procedure 1. :

3.1.2.4.1.4 Ozone. ~ Three years exposure at 0.05 PPM concentratiomn.

3.1.2.4.1.5 Salt Spray. - As simulated by Method 509 of Standard
MIL-3TD-810, Procedure I. (No direct impingement on flight hardware).

3.1.2.4.1.6 Humidity. - Exposure as defined in Standard MIL-STD-810,

Method 507, Procedure I. Modify maximum temperature portion of cycle from
+160 degrees F to +110 degrees F.

3.1.2.4.1.7 Rain, - Exﬁosure as defined in Standard MIL-STD-810,
Method 506. (No direct impingement on flight hardware)

3.1.2.4.1.8 Pressure. -

(a). Air Transportation - Minimum of 3.45 psia for 8 hours (35,000 feet
altitude). :

(b) Ground Transporation and Storage - Minimum of 11.78 psia.

3.1.2.4hk.2 Earth Ascent, Earth Orbit, Translunsr Injection, Lunar
Orbit Insertion and Lunar Orbit. -

3.1.2.4.2.1 Pressure. - Atmospheric pressure at sea level to less
than 10713 mm Hg.

E 200.3 3.65
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3.1.2.4,2.2

NOTES: 1.

3.1.2.4,2.3

shower meteoroids.

Thermal Radiation. - The source of radiastion presented

(a) Solar Flux
(b) Earth Emission

(¢) Lunar Emission
(sub-solar point)

(d) Lunar Emission
(dark side)

(e) Earth Albedo
(over entire solar spectrum)

(f) Earth Albedo
(over visible spectrum)

(g) Lunar Normal Albedo
(over entire solar spectrum)

(h) Lunar Normal Albedo
(over visible spectrum)

(i) Lunar Spherical Albedo
(over visible spectrum)

(j) Space Sink Temperature

Meteoroid Environment.

below impinges on the exterior of the Lab IT in legical combination.

442 BTU/sq. ft./hr.

73 BTU/sq. ft./hr.
419 BTU/sq. ft./hr.
2.2 BTU/sq. ft./hr.
0.35

0.40

0.047

0.098

0.073

4 degrees K

Thermal emitted energy distribution to be interpreted
according to cosine law.

2. Electromagnefic radiation from the sun is shown in
Figure 1.

- The meteoroid environment
is defined in MSC Engineering Criteria Bulletin, EC-1, for sporadic and

Eng 200.3 3-65
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3.1.2.4.2.4 Nuclear Radiation. - The nuclear radiastion environ-
ments for near-earth, cislunar and near-lunar space will be as presented
below:

(a) Trapped Radiation ~ Radiation levels due to the Van Allen and
artificial belts will use protons and electron fluxes obtained
from the Goddard Orbital Flux Code.

(b) Galactic Cosmic Rays - Galactic cosmic ray doses range from
0.1 radiation absorbed dosage (RAD) per week for solar activity
maximum to 0.3 RAD per week for solar activity minimum.

(c) Solar Particle Events - The solar particle events described
below are rigidities above the cut-off rigidity for solar
particle events in the earth's magnetic field. The cut-off
rigidity is defined by:

2.49 x 10° 2 + cos3>\ -2 (1 + cos3 )\l 1/2
cos= X\

Nz —Me—,
(6371 + h)@

where:

N

Particles's cut-off rigidity, BV.

h

Altitude, KM
A= Geomagnetic latitude.

NOTE: Solar particle events will be considered to contain solar
produced alphas and protons with equal rigidity spectra.

(1) Time-Integrated Spectra - The time-integrated spectrum for
alphas and protons with rigidities greater than 137 MV.
(10 Mev) will be considered to be of the form:

Eng 200.3 3-65 » 17
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3.1.2.4.2.4 (Continued)

(e) (1) (Continued)
N(>P) - N_ EXP [TP/PO] where P = 13TMV
where:

N(> P) = time integrated fiux with rigidities greater than
P, particles/cm?.

N, = total intensity of event, particles/cme.
P = particle rigidity, million volts.

P, = characteristics rigidity, million volts:

The rigidity of a particle is given by:
P= -1 (T2 +2m c2)L/2
Ze

where:

Ze = particle's charge in units of electron charge e,
i.e., %o = -1 (for protons) and Ze = -2 (for alphas).

T = particle kinetic energy, Mev.

M002 = particle's rest mass energy, Mev
Moc2 = 938.2 Mev for protons;
MOC2 ='3727.1 for alphas.

P0 is evaluated in the energy ranges:

10 Mev< T< 30 Mev< T< 100 Mev.

3 3-65 :
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3.1.2.4.2. 4 (Continued)

(e} (1)

(Continued)
Below 10 Mev the spectrum is defined by:
N(>T) = N ST

A model spectrum is described by the following expressions:
-1.2

T £10 Mev: N(> T) = 22,3 N( >239 MV) T

137 MV.é__P< 239 MV: N( > P) = 35.3 N(> 239 MV) _-P/67

P2 239 MV: N( > P) = 10.9 N( > 239 MV) e-FP/100

where: N(>>239 MV) is the number of particles/cm2 with
rigidities greater than 239 MV (30 Mev) encountered during
the mission, Figure 2 shows the probability of encountering
greater than N( =7 239 MV) particles/cm@ during the

mission plotted against N(7> 239 MV). The values obtained
for No shall be considered to hold for both alphas and
protons, .

Time Dependent Spectrum - The model time dependent integral
spectrum is shown in Figure 3 for several rigidities. The
spectrum will be considered to hold for both alphas and pro-
tons. ©Note that the spectrum is normalized to one
particle/cm® with rigidities greater than 0.239 BV for the
entire event.

3.1.2.4.3 Lunar Surface Environment. -

3.1.2.4.3.1 Lunar Thermal Model. ~ The following paragraphs are
included as a basis for thermal analyses of lunar orbital missions.

3.1.2.4.3.1.1  Surface Temperatures. - The variation of the surface
temperature of a point on the lunar equator during a complete lunation
(29.53 days) is shown by a solid line in Figure 4. During the lunar day,
the temperatures of local surface areas may be up to 30 degrees centigrade

Eng 200.3 3-65
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3.1.2.4.3.1.1 (Continued)

higher than the averaged temperatures shown on this plot. This effect
is due to local variations in albedo and topography, which cannot be
taken into consideration on such a plot. For a point at some higher
latitude, the temperature decreases approximately as the cosine of
the latitude to the l/h power, as compared to the temperature of an
equatorial point at the same brightness longitude. The calculated
temperature variation for a lunar equatorial point having the thermal
characteristics of a normal terrestrial rock is also shown in Figure 4
by a dash line, ( §/ = 30).

3.1.2.4.3.1.2 Thermal Properties (Average Model). - The variation
of the lunar surface temperature during a lunar day is shown in Figure L.
The measured surface temperatures are best fit by a theoretical survey of
temperature versus time based on a lunar surface thermal inertiaS?;:;TSO
(cgs units). The thermal inertia % (k/k c)-1/2,

where:

(a) k (thermal conductivity)== 1.0 x 107° cal/cm/sec/degrees

centrigrade.
(b) # (density) = 0.9 gm/cm3.
- (e¢) c (specific heat) 2= 0.2 cal/gm/degrees centrigrade.

3 365 :
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3.1.2.5 Transportability and Ground Handling. - Full design
recognition shall be given to the durability requirements of Lab II
equipment during transportation preparation. Wherever possible, equipment
shall be designed to be transported by a common carrier. The use of
protective materials and devices to insure no damage to the equipment shall
be minimized. Special packaging and transportation methods shall be
employed as required to prevent damage to the equipment. ‘

3.1.2.6 Human Performance. - The vehicle design shall utilize
the capability of the crew to perform efficiently throughout the mission.
The design shall reflect human engineering principles. Provisions for
preferred presentation arrangements, ease of maintenance, environmental
and personnel safety shall be considered for ground and flight personnel.

3.1.2.6.1 Visibility. - The required external visibility will
be achieved with a minimum amount of glass. Parallax, distortions, and
unwanted reflection from glass (both window and instrument cover) and.
similar surfaces shall be kept to a minimum. Anti-reflection coatings
on glass surfaces shall be used in order to reduce relection. Consi-
deration shall be given to the use of variable density optical filters
for windows in order to reduce light from sun shafting and earth and
lunar reflections. When not in use, these filters shall be retractable
from the window area. Internal lighting shall provide for control and
display panel illumination. It shall be adjustable in intensity to
compensate for varying ambient light conditions and also to insure re-
tention of crew visual adaptation.

S 3.1.2.6.2 Atmospheric Environments. - The crew shall be provided
a cabin atmosphere with the following characteristics for nominal
operations: '

(a) Pressure: - 5.0 + 0.2 psia

(b') Oxygen Partial Pressure: - 233 mm Hg

(c¢) Carbon Dioxide Partial Pressure:- 7.6 mm Hg
(d) Temperature: - 75 + 5 degrees Fahrenheit

(e) Relative Humidity:- 4O percent to 70O percent

Eng 200.3 3-65 - ol




GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1., N. Y.
CODE IDENT 26512

SPECIFICATION ‘N O._FSP/12-0100

3.1.2.6.2 (Continued)

For emergency conditions, the following limits apply:

(f) Pressure: 3.7 + 0.2 psia

(g) Oxygen Partial Pressure: 160 mm Hg absolute

(h) Carbon Dioxide Partial Pressure - See Figure 5

(i) Temperature: 120 degrees Fahrenheit for four hours maximum

Nominal limits are defined as the limits within which the
crew s environment shall be maintained during extended and normal operations.
Emergency limits are defined as the environmentsl limits beyond which there
is an increased probability of degraded performance or irreversible injury.

3.1.2.6.3 Noise Limits. - The noise non-stressed limits to the crew's
ear canals shall not be greater than that shown in Figure 6, including an
average at 55 db in the 600 cps to 4800 cps range to a reference level of
0.0002 dynes/cm=. The stressed limit is that noise level where combinations
of white noise duration and decibel level, measured at the entrance of the
crewman's ear canal, shall not be greater than that defined by Figure 7. A
limiting constraint shall be that the maximum noise level permissible is that
which will permit communications with the ground and between crew members at
all times, and which will not induce physiclogical disturbances. The emergency
limit shall be considered that limit at which the crew finds the noise painful
or tissue damage can occur. For design and test purposes, 127 db or higher
peak value sustained for a period of no more than 2.5 seconds, in a pattern of
equal periods of rest or low noise relief, is defined as the emergency limit.
Pure tones generated in the cabin by operating equipment will be kep to a
minimum intensity level.

3.1.2.6.4 Crew Vibration Limits. -~ The stress limits are those
vibration loads which are uncomfortable to the crew, but tolerable, below
the painful threshold, and shall not be greater than that defined in Figure 8.
The emergency limit shall be considered that limit at which the crew finds
the vibration painful or where tissue damage can occur. The emergency limit
shall not be greater than that depicted in Figure 8 for less than one minute;
one minute; and three minutes. DFor continuous exposure the continuous maximum
tolerable curve shall be used. Crew performance degradation will occur
immediately during emergency stress. Exposure to nominal stressed limits will
result in performance degradation if sufficient recovery time is not provided
between vibratory pulses. Minimum recovery time is equal to twice the
exposure time period.

3.1.2.6.5 Metabolic Requirements. - Metabolic requirements and
rates for various mission phase activities shall be as shown in Table I.

Eng 200.3 3-65 25
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(a)
(b)
(c)
(a)

(e)

- (f).

(g)
(h)
(1)
(3)

(k)

(1)

TABLE I

ESTIMATES OF METABOLIC RATE,

THERMAL BALANCE AND WATER

REQUIREMENTS FOR CREW MEMBERS

EMERGENCY
ROUTINE FLIGHT DECOMFPRESSION

UNITS OF
PER MAN MEASURE PER HOUR PER DAY PER HOUR
Heat Output BTU
Oxygen - 1bs

Carbon Dioxide 1bs

Latent Heat BTU
(lungs)

Latent Heat BTU TBD
(sweat )

Sensible Heat BTU

Urinary Loss g
Sweat Loss g
Lung Loss g
Total Water g
Requirement

Total Vater 1bs
‘Requirement

Food

Consumption K cal

EXTRAVEHICULAR
OPERATTONS

PER HOUR

Eng 200.3 3-65
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3.1.2.7 safety. -

3.1.2.7.1 Hazard Proofing. - The design of the Lab II shall
minimize the hazard of fire, explosion and toxicity to crew. Lsunch
area personnel and facilities shall also be considered in designing
for hazard proofing. Toxic, combustible &nd corrosive materials
accumulated from leskages, and discharges from equipment sources
or static potentials capable of ignition shall not occur.

3.1.2.7.2 Explosion Proofing. - Lab II components shall be
either hermetically sealed or of explosion proof construction,

3.1.2.7.3 Fail Safe. - A failure in a subsystem or component
shall not cause a failure in any other subsystem or component; that is,
the design shall be "fail safe".

3.1.2.7.4 Lab IT and Personnel Safety Requirements. - The design
shall consider the following Lab II and personnel safety requirements:

(a) Toxicological control of outgas in Lab II atmosphere.

(b) cabin control of aerosols, dust (such as LiOH from LiOH
cartridges) and condensates.

(c) The Lab II interior and exterior shell be free of sharp objects,
metal burrs or any abrasive surface which may puncture or other-
wise damage the space suit or harm the crew.

(d) The cabin shall have adequate hand holds to facilitate controlled
movement under zero "g" and interior design free of "traps'
whereby crewman in & pressurized suit may become jammed or wedged
and be incapable of escape.

(e) Eye protection from direct (unfiltered) sunlight.
(f) Bacteriological and fungus control.
(g) Provisions for securing items stowed or transferred into the

Lab II cabin, to prevent their becoming & cabin hazard during
vehicle operation.

Eng 200.3 3-65 31
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3.1.2.7.4 (Continued)

(h) Protection from electrical shock
hazard.

(i) Protection from cryogenic lines (freezing).

(3) Protection from static electrical
hazard.

(k) Shielding from space thermal radiation hazard.
(1) Protection from excessive radgatien heat-loss.
(m) Protection from microwave and other RF radiation.

(n) Prevention of excessive load lifting (strain) and excessive
fatigue.

(o) Protection for a suited crewman from damaging the suit by
proper design and use of scientific instruments, stowage,
packaging, and specimen containers.

D on Slip" La walking surfaces.

(p) "Non Slip" Lab II ing f

(q) Fail safe and "Jjam proof" umbilical connections.
r onnectors keyed to preclude mismating.

(r) ¢ t keyed to preclude mismati

3.1.2.7.4.1 Crew Safety Design Criteria. - The Lab II shall be
designed such that no single failure shall cause the loss of all methods
of implementing a function critical to crew safety. In those instances
where redundant control and information paths are provided for crew
safety, the redundant mechanical and electrical elements of these
paths shall be separated from each other where practicable.

3.1.2.8 Induced Enviromment. - The Lab II shall be designed
to meet its operational requirements during and after exposure to the
induced environments listed in the following paragraphs.

3 365
Eng 200.3 3 32



GRUMMAN AIRCRAi‘-'T ENGINEERING CORPORATION
Bethpage, L. 1., N. Y.
CODE IDENT 26512

SPECIFICATION N O._fSP 12-0100

3.1.2.8.1 Prelaunch. -

3.1.2.6.1.1 Prelaunch - Packaged. - Transportation and handling
in the shipping container shall not produce critical design loads on tle
Lab II equipment and shall not increase the flight weight of the equipment.
The equipment shall be protected by a suitable shipping container if
the following externally induced environments caused by transportation
and handling exceed the equipment design requirements.

(a) Acceleration: 2.67g vertical with O.lkg lateral applied
simultaneously to the package. This condition also applies
to tie complete Lab II.

(v) Shock - In accordance with MIL-STD-810, Method 516, Procedure TII.

(¢) Vibration - Sinusoidal vibration shall be applied to the test
- package along the three mutually perpendicular axes (X, Y, and
Z). The frequency shall be cycled three times between 5 cps
and maximum cps and back to 5 cps at an applied double
amplitude or accelerations as detailed by weights in (1), (2)
or (3). The rate of change of frequency shall be logarithmic
at 1/2 octave per minute. '

(1) For 100 pounds or less:

cps g or D.A.
5-?.2 0.5 in D.A.
T.2-26 + 1.3g
26-52 .036 in D.A.
52-500 + 5.0

(2) TFor 100 pounds to 300 pounds: Use Figure 514.8, Method 51k
of MIL-STD-810 for maximum frequency.

(3) For 300 pounds or more:

cps g or D.A.
5.7.2 0.5 in D.A.
7.2-26 + 1.3g
26-52 .036 in D.A.

3 3-6%
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3.1.2.8.1.1 (Continued)

(da) Electromagnetic Interference - In accordance with 3.3.9.

3.1.2.8.1.2 Prelaunch - Unpackaged. - Ground handling

shall not produce critical design loads on the Lab II equipment and shall
not increase its flight weight. The unpackaged equipment shall meet its
operational requirements after exposure to the following ground handling
externally induced environments.

(a) Acceleration: - 2.67g vertical with O.4g lateral applied
simultaneously. This condition also applies to the complete
Lab II.
(b)- Shock - In accordance with MIL-STD-810, Method 516, Procedure I
except, modify shock pulse to a sawtooth 15g peak, having a
10 to 12 millisecond rise and a 0-2 millisecond decay.
(¢c) Pressure (Ambient Ground Level).- Hermetically sealed units
installed in the crew compartment will be subjected to a maximum
) pressure of 20.5 psi absolute during preflight checkout.
(4) Hazardous Gases - Same as prelaunch - packaged. V
(e) Electromagnetic Interference - In accordance with 3.3.9.
3.1.2.8.2 Launch and Boost. -
X Y A
(See NOTE T) ' |
RAD RAD RAD
(a) Acceleration (See NOTE 5): . > >
G SEC G [SEC G |SEC
Lift Off Condition - +1.60} -- [+ .65] -- [+ .65 --
Max Q Condition +2.07 | -- + .30] == [+ .30 | --
End Boost Condition +4.90| -- |+ .10| -~ |+ .10 | --
Cut Off Condition -1.70| -- + 10| -- |+ .10 | ~--
Engine Hardover +2.15| -- + bo| -- |0 -
Engine Hardover ' 42,15 | -- 0 -~ |+ Lo | --
Earth Orbit 0 0 0 0 |o 0
Eng 200.3 3-65

3h




GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Bethpage, L. I, N. Y.
CODE IDENT 26512

SPECIFICATION N O.__ ESP 12-0100

3.1.2.8.2

(Continued)

(v) Acoustics - As specified in North American Specification

(c)

TBD.

Vibration (See NOTE 6) - The mission vibration environment is
represented by the following random and sinusoidal envelopes
considered separately:

(1) Exterior Primary Structure -

Q.

(2) Interior Primary Structure -

Random -

10 to 23 cps

23 to 80 cps
80 to 105 cps
105 to 950 cps
950 to 1250 cps

1250 to 2000 cps

. Sinusoidal -

5 to 18.5 cps
18.5 to 100 cps

a.

Random -

10 to 23 cps

23 to 80 cps
80 to 100 cps
100 to 1000 cps

1000 to 1200 cps
1200 to 2000 cps

12 db/octave
0.01u8g2/cps
12 db/octave
0.0hhhgz/cps
12 db/octave

O.Olh8g2/cps

0.154 inches

. 2:69g peak

12 db/octave
O.Olh8g2/cps
12 db/octave

2
0.0355g" /cps
12 db/octave
o.01h8g2/cps

rise to

rise to

decrease to

double amplitude

rise to

rise to

decrease to

Eng 200.3 3-65
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3.1.2.8.2 (Continued)
(c) (2) (Continued)
b. Sinusoidal -
5 to 16 cps 0.154 inch double amplitude
16 to 100 cps 1.92g peak )
Yibration levels may be lower at specific equipment
locations due to the reaction of equipment on primary
structure. Therefore, a rationally demonstrated reduction
in these levels may be used for Lab II equipment design
and test.
(d)" Pressure - Atmospheric pressure at sea level to 1 x 10-8 mm Hg
(NE) as specified in North American Specification TBD.
(1) Controlled Cabin: 20.5 psia to 5.4 psia (0 ) with decay
time of approx1mately 2 minutes.
(2) Uncontrolled Cabin - Decay to 1 x lO-h mm Hg in
approximately 17 minutes.
(e) Temperature - As specified in North American Specification
TBD.
(f) Hazardous Gases - Same as prelaunch unpackaged .
(g) Electromagnetic Interference - Same as prelaunch unpackaged.
3.1.2.8.3 Space Flight-Translunar. - To be determined.
3.1.2.8.4 Space Flight - Earth Orbiting. -~ To be determined.

NOTES: 1. Factors of safety are not included in the levels specified

in 3.1.2.8.1.1 through 3.1.2.8.L.

2. All accelerations are "earth g's"

3. Vibration spectralshown give straight lines on a log-log
plot.

Eng 200.3 3-65
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NOTES:

3.2

(Continued)

L.

"

Packaged and unpackaged - The word "packaged" refers
to containers used for transportation, handling and
storage.

Acceleration and shock le.els are at the Lab II center of
gravity.

For launch and boost vibrations, the primary structure
which is directly excited by the acoustics transmitted
through the Spacecraft LEM Adapter (SLA) is designated
exterior primary structure. The primary structure which
either does not face the adapter or is shielded from it by
another piece of structure is designated interior primary
structure.

The environments specified in 3.1.2.8.2 represent preliminary
figures and will be modified after mass properties of the
equipment installed on the vehicle are determined.

Interface Requirements. - The Lab II shall be compatible

, with ‘and shall satisfy the requirements of the following interfaces:

(a) Command Service Module, (CSM).

(b) Spacecraft LEM Adapter, (SIA).

(c) Acceptance Checkout Equipment (ACE).

(d) Manned Space Flight Net, (MSFN).

(e) WASA Crew Equipment.

(f) Experimental Payload, (EP).

Eng 200.3 3-65
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3.2 (Continued)

(g) Guidance, Navigation and Control, (GFE-GN&C).

(h) Mobile Launcher Tower (MLT)

(i) Mobile Service Structure (MsS)

3.2.1 CSM Interface. -~ The Lab II shall be compatible with the

CSM interface requirements as specified in North American Aviation rerfor-
mance and Interface Specification TBD.

3.2.2 SLA Interface. - The Lab II shall be compatible with the
SLA interface requirements as specified in North American Aviation Perfor-
mance and Interface Specification TBD.

3.2.3 ACE Interface. ~ The Lab II shall be compatible with the
ACE interface requirements which will be determined.
. 3.2.4 MSFN Interface. - The Lab II shall be compatible with the
MSFN interface requirements as specified in Grumman Specifications
TBD. - : '
3.2.5 NASA Crew Equipment Interface. ~ The Lab II shall be

compatible with the NASA crew equipment interface requirements as defined
in Grumman P & I Specification TBD.

3.2.6 EP Interface. - The Lab II shall be compatible with the
EP interface requirements as specified in Grumman Specification ESP-12-9110.

3.2.7 GN and C Interface. - The Lab II shall be compatible with
the GFE section of the GN&C as defined by Grumman P & I specificatiou
TBD.

3.2.8 Launch Facilities Interface. -

3.2.8.1 MLT Interface. - The Lab II shall be compatible with the

MLT interface requirements as defined by Grumman P & I specification TBD.

3.2.8.2 MSS Interface. - The Lab II shall be compatible with the
MSS interface requirements as defined by Grumman P & I specification TBD.

Eng 200.3 3-65 38
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3.3 Design and Construction. -
3.3.1 General Design Features. -
3.3.1.1 Configuration. - The overall features and dimensions

of the Lab II are shown in Figure 9. The detailed configuration of
egch vehicle will be defined in the individual vehicle end item specifi-
cation.

3.3.1.2 Weight. - The total weight of the vehicle including
payload and expendables will be defined in the individual vehicle end-
item specifications.

3.3.2 Selection of Specifications and Standards. - Specifi-
cations and standards shall be selected from released lists of NASA,
federal, military, industry (trade associations) and Grumman specifications
and standards in that order of preference. Requirements of specifications
and standards selected shall not be less stringent than those imposed by
the application and the reliability goal specified for the parts, .
material, or processes covered.

3.3.3 Materials, Parts and Processes. - Materials, parts and
processes shall be selected to meet the requirements of the specifications
and standards chosen in accordance with 3.3.2. Compliance with require-
ments of applicable specifications or standards shall be demonstrated
by test data or analysis.

3.3.3.1 Soldering. - Soldering requirements shall conform to
MSFC-PROC-158 as amended by MSC-ASPO-S-5B.

3.3.3.2 Wiring. ~ The fabrication and installation of the
vehicle cabling and wiring for the interconnection of electrical and
electronic equipment shall be in accordance with Grumman Specification
18P-390-002 as modified for AES.

3.3.4 Standard and Commercial Parts. - Parts shall be selected
on the basis of adequate data history with demonstrated reliability and
knowledge that they are qualified for a given application selected from
sources practicing proven reliability and quality control procedures in
their manufacture. Parts qualified to the applicable MIL specifications
shall be selected when a need for such parts exists. IDEP files and other
similar sources of information relating to the selection of parts and

- their application will be used wherever possible.

Eng 200.3 3-65
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3.3.5 Moisture and Fungus Resistance. - Materials which
are nutrient to fungus shall only be permitted in hermetically sealed
assemblies. In other applications, non-nutrient materials shall be used.
However, if it is necessary to use nutrient material in an assembly which is
not hermetically sealed, the material shall be treated such.that it shall
be capable of satisfactorily passing the fungus test spec1f1ed in
MIL-STD-810.

3.3.6 Corrosion of Metal Parts. - Metal parts shall be of
corrosion resistant materials, or shall be processed to resist corrosion.
Such corrosion resistant processes shall not prevent compliance with
Grumman Specification LSP~390-~001.

~

3.3.7 Interchangeability and Replaceability. - Mechanical
and electrlcal interchangeability shall exist between like items having the
same manufacturer's part number. Substitution of like assemblies and
replaceable parts shall be easily effected without physical or electrical
modification of any part of the equipment, including cabling and wiring.

3.3.8 Workmanship. - Workmanship shall be performed in a high
grade manner in accordance with the applicable drawings, specifications,
and standards. Processes and manufacturing methods, not covered by speci-
fications, shall be suitable for the article, and workmanship shall be in
accordance with high grade spacecraft practice. The quality or workmanship
shall not degrade the reliability, performance, or life inherent in the
design of the article. All surfaces shall be smooth and free from
porosity, burrs, chips, dents, and other irregulatrities.

3.3.9 Electromagnetic Interference. -

3.3.9.1 Vehicle Interference Control. - The vehicle shall satisfy
the réquirements of MIL-E-6051C with the following exceptions:

(a) Delete "MIL-I-26600" and substitute Grumman Specification
"ISP-530-001 as modified for AES" in all places.

(b) Delete "MIL-B-5087" and substitute Grumman Specification
"ISP-390-001" in all places.

(¢c) Delete paragraph 3.1.1.

Eng 200.3 3-65 L
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3.3.9.1 (Continued )

(d) Paragraph 4.3.1 - Delete reference to "first electrical-electronic
weapon system'" and "weapon system" and substitute: "appropriate
AES Test Article" in two places.

(e) Paragraph 4.3.2 - Delete second sentence and substitute: '"The
specification compliance test shall be performed on the
appropriate AES Test Article."

(f) Paragraph 4.3.5 - Add the following: "The 6 db level shall ve
a requirement where it has meaningful application as determined
by Grumman and delineated in the approved test procedure."

3.3.9.2 Vehicle Equipment Interference Control. - AES Vehicle
equipment shall satisfy the requirements of Grumman Specification LSP- 530-001
as modified for AES. The modifications to this specification are to
be determined.

3.3.10 Identification and Marking. - Identification and marking
shall be as specified in Grumman Specification ILSP-14-001.

3.3.11 Storage. - The vehicle and its equipment shall be capable
of withstanding a storage period of five years. The storage environments
shall be as specified in 3.1.2.4.1 and 3.1.2.8.1.1 for the five year period
except where shorter periods of time are specified for certain environments.

3.3.12 Structural Design Criteria. -

3.3.12.1 Margins of Safety. -~ The vehicle and its equipment
shall possess a zero or positive margin of safety.

3.3.12.2 " Limit Conditions. - The design limit load envelope shall
be established by superposition of the rationally deduced critical loads
which occur throughout the mission. The load envelopes shall recognize
the cumulative effects of additive type loads. The vehicle shall be
capable of performing as required at limit load conditions.

3.3.12.3 Primary Structure Design. - Primary structures shall not-
require pressure stabilization.

» 200.3 3-65 N
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3.3.12.4 Pressure Vessel Design. - Pressure vessels shall be
designed to withstand the design internal pressure continuously for a
period equivalent to twice the mission duty cycle without permanent
deformation.

3.3.12.4,1 Pressure Vessel Design Limit Load. - The pressure vessel
design limit loads shall be derived from the combination of the critical
loads imposed on it, and the applicable limit pressure. If the internal
pressure of a vessel tends to reduce the effects of the critical loads,
the resulting reduction in the pressure vessel design limit loads shall
not be considered.

NOTE: Limit pressure is defined as the relief valve nominal pressure
plus its tolerances, plus the hydrostatic head. For equipment
which does not include a relief valve, the limit pressure is
the maximum pressure which results from the highest temperature
experienced after pressurization.

3.3.12.5 Effects of Transportation, Handling and Storage. -

(a) Provisions which are incorporated to withstand the effects of
transportation, handling and storage shall not cause an increase
in the weight of the wvehicle or its equipment.

(b) Structural design shall be such that the environments of
transportation, handling and storage shall not cause critical
loads on the vehicle.

3.3.12.6 Vibration Design Requirements. - The vehicle and its
equipment shall be designed to withstand the vibration levels specified
in 3.1.2.8 multiplied by the appropriate factors presented in 3.3.12.7.
The vibration levels shown in 3.1.2.8 are considered to be the maximum
vibration response of the vehicle primary structure to the input
excitation occuring during the mission. For the design of the equipment
these vibration levels are the inputs from the vehicle primary structure.
The modifying effects of the secondary or supporting structure shall be
considered in determining vibration levels for both design analysis and
test.

3.3.12.6.1 Vibration Amplification Factor. - The: vibration motion
amplification factor on any portion of the equipment shall be limited to
10, except in special cases which shall be identified by Grumman and approved
by NASA.
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3.3.12.7 Factors of Safety. - The factors of safety specified
below will be applied to the limit loads to attain the proof, yield and
ultimate loads.

3.3.12,7.1 Ultimate Factor of Safety. - The ultimate factor of
safety for structural design shall be 1.5. This factor of 1.5 may be
reduced to 1.35 for special cases subject to rational analysis and approval
of NASA, MSC.

3.3.12.7.2 Proof Pressure Factor. - The proof pressure factor shall
be 1.33 when pressure is applied as a singular load.

3.3.12.7.3 Vibration Factors. - For structural loads the following
factors of safety shall be applied to the vibration amplitudes specified
in 3.1.2.8.

3.3.12.7.3.1 Factors for Fatigue-Critical Structure. -

NOTE: These factors are used to determine the vibration qualification
test levels for "equipment operating" modes.

(a) Prelaunch-packaged and unpackaged: Sinusoidal levels: 1.0
applied to acceleration or double amplitude.

(b) All Mission Phases after Launch -

(1) Sinusoidal levels: 1.3 applied to acceleration or double
amplitude.

(2) Random levels: (1.3)2 applied to acceleration spectral
density (g2/cps).

3.3.12.7.3.2 Factors for Strength-Critical Structure. -

NOTE: These factors are included in structural ultimate qualification
test levels.

(a) Prelaunch - packaged and unpackaged:- Sinusoidal Ilevels: 1.5
applied to acceleration or double amplitude.

Eng 200.3 3-65 Ly
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3.3.12.7.3.2 (Continued)

(b) All Mission Phases after Launch -

(l) Sinusoidal levels - 1.5 applied to acceleration or double
amplitude. .

(2) Random levels: (1.5)2 applied to acceleration spectral
density (g2/cps

3.3.12.7.4 Environmental Factors. - The ultimate factor of safety
shall be 1.0 for the following natural environments specified in 3.1.2.L4:

(a) Rain
(v) Salt spray and fog

(c) Sand and dust

(d) Fungus

(e) Temperature

3.3.13 Thermal Design Criteria. - To be determined.

3.3.14 Radiatlon Protection. - The level of radiation protection
prov1ded shall be that which is inherent in the vehicle structure.

3.3.15 Micrometeoroid Protection. = To be determined.

3.3.15.1 | Penetration Mechanics. - To be determined.

3.3.16 Modification Criteria. - The design of the vehicle shall

be such that modifications to the wvehicle will not cause a perturbation.of
the interfaces with other modules of the AES Spacecraft.

Eng 200.3 3-65 L5
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3.k

Lab TT.

(a)

(b)

(a)

(b)

(c)

(d)

(e)

Requirements of Sub-Areas. - The performance of the

subsystem equipments delineated in this section is contingent upon those
LEM subsystem equipments which are utilized without modification in the
The functicnal interrelationship between subsystems of the Lab II
and between major assemblies within subsystems shall be as shown in the
Level T functional diagram (Figure 10).

3.4.1 Structural Design Subsystem (SDS). - The Structural.
Design Subsystem shall consist of the follo.ing major sections:

Ascent Stage Section consisting of the Forward vabin Structure,
Aft Zavin Structure, ixternal Equipment Bay Structure, Thermal
and Micrometeoroid Shield, and Subsystems Support Structure.

Descent Stage Section consisting of Descent Stage Primary
Structure, Subsystems Support Structure, and Thermal and
Micrometeoroid hields.

3.4.1.1 Performance Requirements. -

3.4.1.1.1 The Ascent Stage Section. - The Ascent Stage Section
shall perform the following:

Provide envirommental protection for the crew during the earth
orbital and lunar orbital phases of the Lab IT mission.

Provide support for all Ascent Stage equipment.

Provide for the transfer of crew and equipment between the Lab
IT and the Command Service Module.

Provide passive thermal control of the Ascent Stage subsystem
environment. '

Provide protection of the Ascent Stage subsystems from the
meteoroid environment,

Eng 200.3 3-65
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NOTES
1 THIS 15 A TENTATIVE FUNCTIONAL DIAGRAM OF THE
AES PHASE T LAB

2 THERE ARE TWO DATA STORAGE UNITS IN
THE DSEA

3 THE AES PHASE 1L LAB VEHICLE MUST BE CAPABLE OF RETAINING
THE FOLLOWING!
STRUCTURS - BASE HEAT SHIELD, LOWER- DECK INSULATION
STABILIZATION § CONTROLS - GDA (DECA
NAVIGATION § GUIDANCE - IMU LGC, PTA, PSA CDU
CONTROLS{ DISPLAYS - DSKY

4 MAJOR MODIFICATIONS TO STRUCTURES - AIRLOCK ADDED.N/M
SAIELDING MODIFIED { LANDING GEAR REMOVED

5 ADDITIONS TO THE BASIC LEM CONFIGURATION FOR CREW PROVISIONS
% BACKPACK LIOH CARTRIGES  EXTRA FLOOD LIGHTS

FOOD FOR44 DAYS 2 WORK TOPS { WORK TOP LIGHTS

1 BATTERY CHARGER 66 CONST WEAR GARMENTS

1SEAT BACKPACK BATTERY CAPABILITY MO0,
{ OOME LIGHT TO44

¢ DELETIONS TO THE BASIC LEM CONF. FOR CREW PROVISIONS
CSM LIOH CANISTERS EVA LIFE LINE
LUNAR SPECIMAN CONTAINERS WATER PROBE AND HOLSTER
STILL CAMERA

7 CONTAINS TWO VSR'S (ONE SPARE)

SYMBOLS
ABBREVIATIONS U OXYGEN LINE
OHR = OPERATIONAL —_—a—
MLEAS = MEASUREMENTS T=E==— WATER UINE
GOX = GASEOUS OXYGEN XX OWIDIZER LINE
SMP = SIMPLEX === N
AOT = ALIGNMENT OPTICAL TELESCOPE COOLANT LINE
CMO(S) = COMMANDS X9 WW  HELIUM LINE.
HéO = BMTER =I=—I=—  FUEL UNE
2 @ OXYGEN T
4D = CONTROLS ¢ DISPLAYS COMDITIONED OXYGEN LINE
AYCA = ATTITUDE € TRANSLATION CONTROL ASSEMBLY p - shim - - g HYDROGEN LINE
DECA = DESUENT ENGINE CONTROL ASSEMEBLY —o—o—
SINCH = SYNCHRONIZATION MECHANICAL LINKAGE
516 = SIGNAL
VHF = VERY WIGH FREQUENCY

EXP = EXPERIMENT
£CA = ELECTRICAL CONTROL ASSEMBLY
OC = DIRECT CURRENT
AC = ALTERMNATING CURRENT
CSM = COMMAND SERVICE MODULE
ANUN = ANNUNCIATOR
INFO = INFORMATION .
VSR : YOKE STORAKGE RECORDER
PLSS = PORTABLE LIFE SUPPORT SYSTEM
5/5 = SUBSYSTEM
He : KELUM
IND : INDICATOR
(W - CAUTION § WARNING
TCA = TRANSLATION CONTROL ASSEMBLY
AA T TITUDE CONTROL ASSEMBLY
REGA = RATE GYRD ASSEMBLY
ASSY = ASSEMBLY
IMTR = TRANSMITTER
RCVR = RECEIVER
JCVR = TRANSCRIVER
PA = PONER AMPLIFIER
PM = PHASE MODULATION
FM = FREQUENCY MODULATION
1C5 = INTERNAL COMMUNICATIONS SYSTEM
15KY = DISPLAY KEYBOARD
INSTR = NSTRUMENTATION SUBSYSTEM
CONT'S = CONTROLS
NRZ = NON RETURN TO ZERO
VOX = VOICE OPERATED SWITCH
DA = COUPLING DATA UNIT
DUP 2 DUPLEX
EMY = EXTRA VEMICULAR MOBILE UN!T
PCM = PULSE CODE MODULATION
PSA - POWER SERVO ASSEMBLY

Fig. 10 Level I Functional Diagram for Phase II Lab
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3.k.1.1.1 (Continued)

(f) Provide adequate visibility for scientific observations
during earth and lunar orbit.

(g) Provide functional continuity between descent stage
and ascent stage.subsystems by means of interstage
umbilicals or solid connections.

3.4h.1.1.2 The Descent Stage Section. - The Descent
Stage Section shall perform the following:

(a) Serve as the support for the Lab II in the Spacecraft
LEM Adapter (SILA).

(b) Provide support for all Descent Stage equipment.

(¢) Provide support for the thermal and micrometeoroid
shields.

(d) Provide passive thermal control of subsystems in the
Descent Stage.

(e) Provide protective shielding for critical Descent Stage
subsystems form the meteoroid environment.

3.k.1.2 Design Requirements. -

3.k.1.2.1 Ascent Stage Structure Description. - The

- Ascent Stage Structure shall consist of a pressurized forward cabin,
a pressurized aft cabin, and an external equipment bay. The Ascent
Stage Structure shall be joined to the Descent Stage at four points.
The Ascent Stage Structure shall withstand the environmental condi-
tions encountered during all phases of the Lab II mission. The
Ascent Stage structural design limit-load envelopes shall be es-
tablished from the critical loads determined by the induced and
natural environmental load conditions. '
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3.4.1.2.1.1 Forward Cabin Structure. - The Forward Cabin structural
shell is cylindrical in shape and of semionocoque construction. It is a
welded and mechanically fastened assembly of 2219 aluminum alloy sheet,
chemilled to appropriate structural thickness, and machined longerons. The
shell is supported by formed sheet metal rings of channel cross-section
riveted to the structural skin. All mechanically fastened joints shall
be sealed. The front face bulkhead is an assembly of integrally stiffened
machined parts of 2219 aluminum alloy plate. Two near vertical beams
support the bulkhead pressure loads and carry forward interstage loads.
The front face bulkhead contains the forward hatch and the two crew windows.
The forward windows are of dual pane construction. The inner pane is of
structural glass and is designed to carry the cabin pressure loads imposed
on it. The window is sealed with dual Roco seals, and is bolted to
the structural window frame through an edge member bonded to the glass
using sealing fasteners. Coatings are applied to reduce glare and
reflections, and defogging provisions are incorporated. The outer pane
is of glass, coated to limit thermal transmissions. The forward windows
proviie the visibility range from the design eye position. Anti-reflective
coatings are used on the .inner pane.

3.4.1.2.1.2 Aft Cabin Structure. - The structure of the Aft Cabin
section consists of a ring stiffened semi-monocoque shell constructed
similarly to the Forward Cabin. Integrally stiffened machined decks of
2219 aluminum alloy close off the Aft Cabin assembly at Lab stations
+X29L4 643, and +2233.500. The Aft Cabin shell is mechanically fastened
to flanges on maJjor structural bulkheads located at Lab stations +Z27
and -Z27. These bulkheads are integrally stiffened machined bulkheads
of 2219 aluminum alloy plate. The Forward Cabin shell is mechanically
fastened to the outboard flange of the +Z27 bulkhead to complete the
assembly of the pressurized portion of the Ascent Stage structure. ~The
upper deck (+294.643) provides structural support for the upper docking
tunnel and contains the upper hatch. The -Z27 bulkhead contains pro-
visions for the attachment of the tubular aft interstage structure.

3.4.1.2.1.3 External Equipment Bay Structure. - The external
equipment bay is unpressurized and consists of the Electronic Replaceablé
Assembly Rack and its support structure. The rack consists of vertically
oriented cold plates mounted in g structural frame. The frame is supported
at its lower and upper edge by an arrangement of truss members supported
on the -Z27 bulkhead. ‘
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3.4.1.2.1.4 Thermal and Micrometeoroid Shield. - The thermal
and micrometeoroid shield shall be a composite of an outer sheet of
aluminum and multiple layers of aluminized mylar mounted on low
thermal conductance supports. The sheet of aluminum acts as a )
micrometeoroid bumper and will be varied in thickness to meet shield-
" ing requirements.

3.4.1.2.1.5 Subsystem Support Structure. - The RCS propellant

and helium pressurization tanks shall be mcdularized and mounted on
each side of the aft cabin. The Alignment Optical Telescope (AOT)
and the Navigation Base shall be located on the top center line of-
the cabin, outside of the pressure shell. The External Equipment

- Bay shall contain the cold plates for the mounting of the Electronic
Replaceable Assemblies (ERA's), the Lab batteries and control
assemblies, and the supports for the ECS gaseous oOxygen accumulator,
and the supports for the water management tanks (2). The four RCS
thruster clusters are supported from the ascent stage primary structure.
Two each RCS propellant, oxidizer, and pressurization tanks are mounted
on the Z-27 bulkhead in the External Equipment Bay.

3.4.1.2.1.6 Ascent Stage Hatch Mechanism. - The forward and
upper hetches are hinged to the forward face bulkhead and upper aft
cabin deck, respectively. ILatches are provided to dog the hatches
sufficiently to provide an initial seal. The final sealing force is
supplied by the cabin pressure. The latches are operable from either
side of the hatch. Both hatches contain a valve, operable from
either side for de-pressurization of the cabin.

3.4.1.2.1.7 Airlock - An airlock shall be provided which shall
accommodate a crewmen wearing & pressurized space suit and PLSS backpack,
for ingress and egress from the pressurized spacecraft.

Eng 200.3 3-65
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3.4.1.2.2 Descent Stage Structure Description. - The
Descent Stage structure shall withstand the environmental conditions
encountered during all phases of the Lab II-mission. The Descent Stage
structural design limit~load envelopes shall be established from
the critical loads determined by the induced and natural environmentsl
load conditions.

3.4.1.2.2.1 Descent Stage Structure. - The Descent Stage
structure shall be of aluminum alloy and steel construction and
shall consist of two pairs of parallel beams arranged in a cruciform
shape with structural decks on upper and lower surfaces. The beam
webs shall be located at + Y27.00 and + Z27.00. The upper deck
shall be located at +X196.00. The lower deck shall be located at
+X131.14. The ends of the beams shall be closed off by bulkheads
at + 781.00 and + Y81.00. At the ends of each pair of beams shall
be a four legged truss to serve as support.for the Lab II in the SLA.
This truss shall be of aluminum alloy tubular construction. Aluminum
alloy fittings shall be located on the ~Z27.00 beam at + Y65.00 to
serve as the aft attachment points for the Ascent Stage Aluminum
alloy fittings shall be located on the + Y27.00 beam at +265.906
to serve as the forward attachment points for the Ascent Stage.

3.4.1.2.2.2 Thermal and Micrometeoroid Shield. - The thermal
shielding for the descent stage shall be a composite of outer micro=-
meteoroid shield, thermal coatings, and multiple layers of aluminzed
mylar mounted on low thermal conductance supports.

3.4.1.2.2.3 Subsystem Support Structure. - The compartments
formed by the Descent Stage structural arrangement shall house the
equipment required by the subsystems. The EPS cryogenic Ho and Op
tanks shall be mounted between the + Z beams. Supports shall be
provided for the EPS FCS's (2), a Np tank, and EPS and ECS radiators.
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3.4.2 . Electrical Power Subsystem (EPS). -

3.4.2.1 EPS Performance. - The EPS shall generate, distri-
bute and control the total allowable electrical energy for the Lab II.
The total allowable electrical energy shall be 1680 KWH.

3.4.2.1.1 Electrical Power Characteristics. - Power charac-
teristics sensed at the load shall be as follows:

(a) D-C Power - The d-c power shall be 28 vdc, two wire negative
ground with the following characteristics:

(1) Steady-State Voltage Limits: 22 to 33 volts
(2) Transient Voltage Limits: (superimposed on 28 vdec) -

a. Positive: 50 volts for ten microseconds at ten
pps repetition rate for a period of five minutes.

b. Negative: 100 volts for ten microseconds at ten
pps repetition rate for a period of five minutes.

(3) Ripple - As defined by MIL-STD-TO4 except that the maxi-
mum sum of the peak a-c ripple and d-c voltage shall be
33.0 volts.

(v) A-C Power -
(1) Pnases - Single phase

(2) Nominal Steady State Voltage: 115 plus or minus two
volts rms.

(3) A-C Voltage Transients - The a-c voltage shall recover to
a minimum voltage of 14l volts peak or to a maximum
voltage of 188 volts peak, within 2.5 milliseconds, and
return to steady-state conditions within 50 milliseconds,
after experiencing an input line or load step change
within the limits specified for line and load.  Voltage
spikes superimposed at any point of the sinusoidal wave
shape shall not exceed 10 volts peak. The maximum
transient voltage at the output shall not exceed 225 volts
peak.

Eng 200.3 3-65
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3.4.2.1.1 (Continued)

(b) (Continued)
(%) Modulation: 2.5 volts single amplitude.
(5) Nominal Frequency Tolerance -

a. Normal: U400 plus or miuus 4 cps (synchronized to
master timing)

b. TIree Running: 400 plus or minus lOAcps (loss of
master timing)

(6) Wvaveshape - Sine wave
a, Maximum Total Distortion: 5 percent
b. Highest Harmonic: L percent
c. Crest Factor: 1.414 plus or minus 10 percent

3.4.2.1.2 Power Profile. - The power profile shall be deter-
mined at a later date. '

3.h.2.2 Design Requirements. - The EPS shall include the
following major assemblies:

(a) Electrical Control Assembly (2)

(b) Fuel Cell Assembly (2)

(¢) Peaking Battery (1)

(d) Battery Charger (1)

(e) Reactant Storage and Supply Assemblies
(f) Radiator

(g) Static Inverter (2)

(h) Power Distribution Equipment

3368
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3.4b.2,2.1 Electrical Control Assembly. - Two ECA's shall be
provided, one for control of the FCA's and one for the peaking battery.
Each ECA shgll include the necessary electrical and electronic equip-
ment for manual or automatic control of the FCA and battery power
output to the Lab II power distribution section. The ECA shall control
the on-off condition of the FCA's or batteries. The ECA shall provide
overcurrent and reverse current sensing and protection. The trip
characterigtics are to be determined.

3.k.2,2.2 Fuel Cell Assembly (FCA). - The primary source of
electrical power for the Shelter during checkout, activation and
manned phases shall be supplied by two FCA's. Each FCA shall consist of
a 33 section module which chemically combines hydrogen and oxygen for
production of useful power. Bach FCA shall be capable of delivering a
maximum power of TBD watts. By-products of the FCA are potable water and
waste heat., Each FCA shall contain provision for collection and storage of"
the water and rejection of the waste heat to the vehicle coolant loop.

3.4.2,2.2.1 FCA Performance. - FCA output voltages shall be as
follows:

(a) Maximum voltage: 32.5 V de
(b) Minimum voltage: 28 V dc

3.4.2,2.2.2 Step Load Change. - The step load change shall be
considered to be the maximum instantaneous increase or decrease in power
which the FCA may be subjected to while continuously supplying voltage
within the specified limits of 3.4.2.2.2.1(a). The FCA shall have a step
load change capability as shown in Figure 11.

3.k.2,2,2.3 Parallel Opefation. - The voltage requirements of
3.4.2.2.2.1 shall be satisfied when two FCA's are operated in parallel.

3.4b.2.2.2.4  Reactant Consumption Rate. - The reactant consumption
rate for the FCA shall not exceed the values shown in Figure 12.

3.4.2.2.2.5 Water Generation. - The FCA shall be capable of
generating potable water with a pH factor between 6 and 8

3.4k.2.2.2.6  Heat Rejection. - The heat reJectlon rate for the
FCA shall not exceed the values shown in Figure 13.

Eng 2003 3-65
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" FUEL CELL STEP LOAD CHANGE CAPABILITY - (‘TBD)

FIGURE 11
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3.4.2.2.3 Peaking Battery. - One (1) silver oxide-zinc
peaking battery shall supply the power profile peak power reguirements.

3.k.2.2.3.1 Battery Performance. - The battery voltage shall bé
as follows:

(a) Maximum Voltage - 32.5 volts during ell discharge.

(b) Minimum Voltage - 28.0 volts during all discharge. The batteries
shall be capable of operating for the above requirement when
paralleled with the FCA's during peak powers.

- 3.h.2.2.3.2 Discharge Rate. - The battery shall have a capacity
of not less than TBD ampere-hours when discharged at TBD amperes at 80°
Fahrenheit. These requirements are based upon a minimum voltage of 28.0
volts.

.3.bk.2.2.4 Battery Charger (BC). - A battery charger shall be
provided for recharging crewman PISS batteries. The BC shall provide a

maximum output voltage of L40.5 vde and provide a charging current
of 3.5 + 0.1 amps. The BC shall automatically cut off when the battery
being charged reaches L40.0 + 0.5 volts measured at the battery terminals.

3.k.2.2.5 Reactant Storage and Supply Assemblies. - The
reactant storage and supply assemblies (2) shall consist of the
following:

(a) Supercritical cryogenic hydrogen storage tank - (For FCA's)

(B) Supercritical cryogenic oxygen storage tank - (For FCA's and ECS)
(p) High pressure oxygen storage tank (For ECS)

(d) Associated Plumbing and Feed Components - (For FCA's and ECS)
3.4.2.2.6 - | Radiator. - A radiator shall be supplied which shall

be integrated in the coolant loop and be capable of radiating all waste
heat generated by the FCA's.

3 3-65 .
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3.4.2.2.7 Static Inverters. - The two static inverters shall
be solid state devices that convert 28 volts dc (nominal) electrical
power to 115 volts ac, single phase, 400 cps (nominal). Either in-
verter shall have the capability of supplying a-c power to its assigned
loads with the other serving as a redundant standby unit.

3.4.2.2.7.1 Mounting. - The inverters shall be rigidly mounted.

3.h.2.2.7.2 Input Power. - Rated input voltage shall be 28 + 4
volts dc. The inverter shall operate but need not meet performance
requirements when the input voltage falls below 20 volts dc for five
seconds or longer.

3.k.2.2.7.3 AC Power Output Charscteristics. -

(a) JVoltage output: 117 volts rms, single phase, 400 cps.

(b) Steady-state voltage regulation: + 1 percent at the a-c
terminals ef  the mating commectars .

(c) Jormal load requirements: O to 350 volt amps at power factors -
ranging from 0.65 lagging to 0.80 leading.

(a) Low power factor load requirements -~ Up to 120 volt amps at
power factors ranging from 0.8 to 0.10 leading.

(e} acC voltage transients - The a-c voltage shall recover to a
minimum voltege of 144 volts peak or to a maximum voltage of
188 volts peak within 2.5 milliseconds, and return to steady-
state conditions within 50 miiliseconds, after experiencing
an input line or load step change within the limits specified
for line and load. Voltage spikes superimposed at any point
of the sinusoidal waveshape shall not exceed 10 volts peak.
The maximum transient voltage at the-output shall not exceed-
225 volts peak.
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3.4.2.2.7.3 (Continued)
(f) Frequency - Two modes of operation shall be provided:

(1) Externally synchronized mode - The frequency of the inverter
shall be L40O + L4 cps with an externally supplied synchronlz-
ing signal.

(2) Free-running mode - In the absence of the external synchroniz-
ing signal the inverter shall maintain a free-running fre-
quency of 400 + 10 cps.

(g) Isolation - The a-c output shall be electrically isolated from

the d-c input and from the case, except for the RFI feed-
. through capacitors which may be grounded to the case.
3.b4.2.2.7.4 Overload. - The Inverter shall provide up to

150 + 5 percent of the maximum load requirements specified in 3.4.2.2.7. 3

for a period of ten minutes. During the overload condition the Inverter

shall satisfy its performance requirements and shall incur no damage.

The Inverter shall automatically limit the output current to a maximum of

330 + 10 percent of the maximum load requirements specified in 3.4.2.2.7.3

and shall be capable of withstanding this overcurrent condition for 20

seconds without damage and resuming normal operation when the overload is

removed.

3.4,2.,2.8 Power Distribution Equipment. ~ Power distribution
shall be accomplished by a two wire grounded system for d-c loads and a
single phase system for a-c loads. Wire and busses shall be employed as
the return path for electrical currents, rather than the spacecraft
structure. The system negative and neutral shall be grounded at one
point only. :

3.4.2.2.8.1 Load Grouping. - D-C electrical loads shall be
connected to a common two section, electrically connected d-c bus.
Provisions shall be made for disconnecting one section of the bus from
the other in the event of a failure. Ioads shall be grouped into two
sections and in the event of a failure and subsequent disconnection of
the busses, electrical power will continue to be supplied to the
operating bus. A-C loads shall be supplied from a single a~c bus.
The bus configuration shall be as shown in Figure 1L,

Eng 200.3 3-65 61
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3.4.2.2.8.2 Electrical Distribution Panels. - The distribution
. panels shall be adequately enclosed or otherwise protected to minimize
hazards to the crew and provide maximum mechanical protection for the
electrical system and components. Switching and control shall be
accomplished by manually operated circuit breakers or switches, except
where use of a remotely controlled device will reduce weight or increase
reliability.

3.4.2.2.8.3 Power Interruption Protection. - Busses and electrical
loads shall-be selectively protected such that individual load faults
will not cause an interruption of power on the bus to which the load is
connected. The bus shall be protected from a fault in a battery or its
power feeder by the Electronic Control Assembly (ECA) and the tie-in
control circuit. The bus ties connecting the divided busses shall be
protected on either end by a circuit protective device. In the event of
an interruption of power on the a-c bus, the loads shall be transferred
to the standby Inverter.

3.4.2.2.8.4 Power Distribution Equipment. - The power distri-
bution equipment shall be capable of being energized by the follow1ng
external power:

(a) DC: 27.5 to 32.5 volts

(b) AC: 115 volts nominal
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3.4.3 Guidance, Navigation and Control Subsystem (GNCS). -

3.4.3.1 Subsystem Functions. - The GNCS shall provide the
following functions:

(a) Establish and update an inertially fixed reference triad.

(b) Determine orientation of the vehicle body axis relative to an
inertially fixed coordinate system.

(c) Maintain vehicle attitude within specified deadband limits
about the vehicle roll, pitch and yaw axes. Deadband selec-
tion is not available on a per axis basis.

(d) Manual maneuvering capability about the vehicle roll, pitch
and yaw axes elther independently or in combination. :

(e) Generate signals to the Reaction Control System (RCS) for
implementetion of stabilization and control.

3.4.3.2 Subsystem Operating Modes. - The GNCS shall be
capable of providing two major modes of vehicle control:

(a) Automatic Mode.
(b) Attitude Hold Mode.
Three manual modes shall be available in each major mode:
(¢c) Two-Jet Direct Mode.
(d) Pulse Mode.
(e) Emergency Direct Mode.
An alignment mode shall be provided for updating the inertial reference.

3.4.3.2.1 Automatic Mode. - This mode of operation shall auto-
matically maintain the vehicle in an inertially fixed attitudé once that
attitude has been attained. Ihformation shall beinserted into the GNCS in-
dicating the desired orientation of the vehicle relative to the computation-
al frame. The GNCS shall generate the appropriate signals to enable the .
RCS to effect appropriate attitude corrections. The GNCS shall automatically
maintain the vehicle attitude within the specified deadband in the presence
of attitude disturbances. -~ '

3.4.3.2.2 Attitude Hold Mode. - This mode of operation shall
permit the vehicle to be maneuvered about the vehicle roll, pitch and
yaw axes in response to manual inputs by means of an integrated hand
controller. A vehicle rate proportional to hand controller displacement
shall be commanded when the controller is moved out of the centered
position, while attitude hold capability shall be provided when the
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3.4.3.2.2 (Continued)

controller is centered. The command information from the hand controller

~ shall be processed in the GNCS to generate the signals required by the
RCS to effect the maneuver commanded. When the maneuver is completed and
the hand controller is returned to its centered position, the GNCS shall
maintain the final attitude attained. This attitude shall be maintained
within the selected deadband limit.

3.4.3.2.3 Two-Jet Direct Mode. - The two-jet direct mode shall
be a manual mode of both the automatic and attitude hold modes and shall
be enabled on & per axis basis by the crew via a display and control panel.
When in the two-jet direct mode, the automatic and attitude hold capability
about the affected axis shall be disabled. Two-jet couples shall be
activated by switches in the hand controller, which transmit signals
directly to the RCS. These switches shall be activated when the controller
is displaced by 2.5 degrees. .

3.k.3.2.% Pulse Mode. - The pulse mode shall be a manual mode
of both the automatic and attitude hold modes and shall be enabled on gz
prer axis basis by the crew via a display and control panel. When in the
pulse mode, displacement of the hand controller 2.5 degrees from the
detent position shall cause signals to be transmitted by the GNCS to the:
RCS. The automatic or attitude hold capability about the affected axis
shall be disabled. ‘

3.4.3.2.5 Emergency Direct Mode. - The emergency direct mode
shall be a manual mode of both the automatiec and attitude hold modes
and shall provide a means for manual override of the automatic and
attitude hold functions, It shall be available for each of the three
vehicle axés by means of the hand controller. Moving the hand controller
to the "hardover'" position shall disengage the automatic or attitude
hold functions about all three vehicle axes, - Signals shall also be
‘transmitted directly to the RCS to command the four jet couples.

3.4.3.2.6 Alignment Mode. - The alignment mode shall provide
for initialization and updating of the GNCS.
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3.4.3.3 Subsystem Performance. -
3.4,3.3.1 Guidance and Navigation. - The guidance and navigation

function of the Lab II baseline configuration shall be limited to the
generation of the attitude reference required for the inertial attitude
hold capability within the specified deadband. Included in this attitude
hold function is the capability for holding the body axis attitudes
existing at a selected time,

(a) The inertial reference coordinate system shall be TBD.

(b) The GNCS shall have the capability of aligning to the inertial
reference system triad within 12.0 arc minutes maximum per axis,

(¢) Deadbands of + 0.3 and + 5.0 degrees nominal shall be provided.

(d) The maximum vehicle rate which the GNCS shall sense shall be
TBD degrees per second.

(e) The GNCS attitude reference drift rate shgll be equal to or
less than 1.1 degree per hour per axis over a 30 day period-
without restriction on duty cycle.

3.4.3.3.2 Stabilization and Control. - The stabilization and
control performance requirements are defined in terms of acceleration
characteristies, limit cycle period, number of thruster operations and
response requirements. These requirements are specified parametrically
as follows: : :

(a) Vehicle angular acceleration performance as a function of its
inertia shall be as indicated in Figure 15.

(b) Normal limit cycle period as & function of control system dead~
band shall be as indicated in Figure 16, ‘ ) .

(¢) Vehicle disturbed limit cycle period and thruster operations
as a function of the disturbance torques shall be as indicated

in Figure 17.
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3.4.3.3.2 (Continued)

(d) Time to attain a commanded manuever rate as a function of vehicle
inertie shall be as indicated in Figure 18.

(e) Tfﬁe to attain zero rate as a function of vehicle inertia shall
be. as indicated in Figure 19,

NOTE: The performance specified above is based on the
following RCS characteristics,

(1) Thruster minimum impulse shall be 0.75 pound seconds.

(2) Thruster minimum specific impulse shall be 130 pound
seconds.

(3) Thruster maximum thrust level shall be 100 pounds.
(4) Roll and_pitch axis moment arms shall be 5.5 feet.
(5) Yaw axis moment arm shall be 5.12 feet.

(6) Rotations shall be accomplishéd with 2 jet couples.

3.4.3.4 GNCS Design. - The GNCS ‘shall be composed of the
following sections:

(a) Abort Guidance Section (AGS) - The AGS shall establish the
inertial reference axis system and generate the attitude error
signals required by the Control Electroniecs Section (CES),

(b) Control Electronics Section (CES) - The CES shall generate
the signals required by the RCS to fire the Jjets for stabili-
zation and control. ' _

(c¢) Government Furnished Fquipment (GFE) Section ~ The GFE section
shall contain the alignment optical telescope (AOT) to provide
the means for aligning the AGS to an inertial reference system,
and the navigation base for equipment mounting to the vehicle.
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3.4.3.4.1 AGS. -

3.4.3.4.1.1 AGS Functions. - The AGS shall be capable of performing
the following functions:

(a) Establish and update a fixed inertial reference triad.

(b) Provide attitude steering signals to maintain a desired vehicle
inertially fixed attitude.

(c) Provide attitude error signals to maintain a fixed vehicle
attitude during non-maneuvering periods. :

(d) Provide total attitude signals for operation of the Flight
Director Attitude Indicator (FDAI).

(e) Accept input data for establishing the inertial reference.

3.4.3.4.1,2 AGS Modes of Operation. - The AGS shall be capable of
performing in four major modes of operation as follows:

(a) Warm-Up
(b) Standby
(e) Alignment
(d) Tnertial Referencé

3.4.3.4.1,2,1 Warm-Up Mode. - This mode shall be available for warm-
up of the AGS assemblies. ,

3.4.3.4.1.2,2 Standby Mode. - This mode shall be available for
operation before the alignment or inertial reference modes are engaged.

It shall be utilized to:

(a) Provide excitation and power for appropriate assemblies within
the AGS. :
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3.4,.3.4.1,2,2 (Continued)

(b)

(c)

Allow "degraded operation” in the alignment or inertial
reference modes after a 10 minute period. All of this period
may be spent in the standby mode or 5 minutes of it may be
spent in the warm~up mode.

Provide the capability of entering the AGS alignment mode after
a 35 minute period., If 25 minutes or more are spent in the warm-
up mode, an additional 20 minutes shall be spent in the standby
mode before the AGS alignment mode can be initiated.

3.%.3.4.1.2,3 Alignment Mode. - The AGS shall be capable of providing
two sub~modes of alignment:

(a)

(b)

Stellar Alignment Sub-mode -~ This sub-mode shall be used when it
is desired to establish and update a predetermined stellar
reference, The AGS shall accept initial conditions and star
data inserted via the Data Fntry and Display Assembly (DEDA).

Body Axes Alignment Sub-mode - This sub-mode shall be used when
an arbitrary reference is required for vehicle stabilization.
It shall enable the axes of the reference triad to be '
coincident with the vehicle body reference axes.

3.%.3.4,1.2,4 Inertial Reference Mode. - The AGS shall be capable of
operating in these sub~modes of the inertial reference mode. These sub-
modes are as follows:

(a)

(v)

(e)

Automatic - In the automatic sub-mode, the AGS shall provide
error signals to the CES which cause the vehicle to hold a
desired orientation with respect to a reference triad.

Attitude Hold - In the attitude hold sub-mode, the AGS shall.
provide error signals to the CES which cause the vehicle to
hold an existing attitude or the attitude resulting from a
manuglly controlled maneuver.

Follothg - In the follow-up sub-mode the AGS error signals to
the CES shsll be zero. This mode shall be activated by an out
of detent signal from the Attitude Controller Assembly (ACA).
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~ “3,4,3.4.1.3  AGS Performance. - The 4GS shall be capablé of the
follow1ng performance:

3.4.3.4.1.3.1 Operating Life. - A minimum operating life of 5000
" hours with scheduled maintenance and a minimum shelf life of 5 years
shall be prov1ded :

3.4.3.4.1,3,2 Calibration Requirements. - AGS performance parameters
‘which cannot be adjusted without hardware modification or removal of the
AGS from the Labll, shall maintain their specified values after calibration
while accruing up to 1000 hours of operating time over a period of 120
days..

3.4.3.4.1.3,3 Loss of Reference. - The AGS shall not cause the
accumulation of a permanent loss of reference greater than 0.0005 degree
per net degree of vehicle rotation about any axis for vehicle rates up
to'and including TBD degrees per second. '

3.4.3.4.1.4  AGS Assemblies. -

'3.4.3.4.1.4,1 Abort Sensor Assembly (ASA). - The ASA shall sense
vehicle attitude changes about the pitch, roll and yaw axes.

(a). Sense minimum attitude changes of TBD degrees.

‘(b) Sense attitude changes at a maximum vehicle rate of TBD degrees
per second.

3.4,3.4.1.4,2 Abort Flectronics Assembly (AFA), - The AEA shall

consist of a 4096 word memory digital computer which shall perform the
following functions:

(a) Establish an inertial reference coordinate system based on
input star data.

(b) Generate attitude steering signals for both the automatic and
attitude hold modes.
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3.4.3.4,1.4,.3 Data Entry and Display Assembly (DEDA). - The DEDA
shall provide the following functions:

(a) Manual engagement of warm-up, standby, alignment or inertial
reference modes of operation.

(v) Manual insertion of star information or coordinate data into
the AEA.

(e¢). Permit the crew to command contents of a desired AEA memory
word location to be displayed on the DEDA,

3.4.3.4,2 GFE Section. -

3.4.3.k.2.1 Alignment Optical Telescope (AO0T).. - -

3.4.3.4.2,1.1  AOT Description. - The AOT shall be 