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FOREWORD

This report was prepared by personnel of the AiResearch Manufacturing
Company, Los Angeles, California, under Contract NAS8-20261, "Early Lunar
Shelter Design and Comparison Study." The program was monitored by
W. D. Powers of the NASA George C. Marshall Space Flight Center, Huntsville,
Alabama. W. L. Burriss, N. E. Wood, and M. L. Hamilton were prinetpal-authors
of this report at AiResearch. This final report consists of the following

vo lumes :
Volume | - Summary
Volume 2 - Mission Timelines and Requirements
Volume 3 - Subsystem Studies
Volume 4 - System Integration and Configuration Design
Volume 5 - Resource Plans
Volume 6 - Supporting Studies
Honeywell, Incorporated, and Grumman Aircraft Engineering Corporation were
subcontractors in the study. Grumman was responsible for structural design and

LM/T integration. Honeywell assisted in the analysis of crew tasks and
performance. The subcontractor studies are contained in Volume 6.
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PREFACE TO VOLUME 6

The supporting studies contained in Volume 6 are divided into three
books, as follows:

Book | Structural Design and LM/T Integration
Book 2 Review of Scientific Mission Requirements
Book 3 HASSLE Analysis of Proposed Schedule

Book | contains a portion of the work performed by the Grumman Aircraft
Engineering Company under this contract. Other parts of the Grumman work are
integrated into other volumes of the report. 1In addition to the work appear-
ing here, Grumman furnished detailed performance and cost data concerning

the Apolio Lunar Module (LM) subsystems and components applicable to the ELS.
These data were used by AiResearch in the subsystem and resources planning
studies. M. G. Grubelich was Grumman Principal Investigator for this study.

Books 2 and 3 were prepared by Honeywell, Incorporated under this prograﬁ.
Honeywell personnel participating in these studies include L. P. Schrenk,
R. D. Kinkead, J. E. Haaland, 0. H. Lindquist, and D. S. Hanson.
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SECTION |

INTRODUCTION

This is the final report of Grumman's participation in the Early Lunar
Shelter Design and Comparison Study, NAS 8-20261. The work was performed
under a 10-month|subcontract to the AiResearch Manufacturing Company, Purchase
Order No. 218-70525-6. The objective of the study was to develop, define,
and evaluate conceptual designs of lunar shelters, for application in the
early 1970's, which can, after 6 months of unattended storage, sustain a
2-man crew for at least |4 days. The shelter and required support equipment
must be deliverable to the lunar surface by an unmanned Lunar Module/Truck
(LM/Truck) using the Saturn V-Apollo system.

Grumman's primary responsibilities were the evolution of shelter payload
configuratjons, preliminary structural sizing, micrometeoroid and radiation
protection analyses, and ;ntegratlon of the shelter payload with the LM- Truck

Additional responsibilities included providing design and operating char-
acteristics and procurement costs pertinent to the electrical power, environ-
mental control, and astrionics (communications, mission programmer, and
instrumentation) subsystems of the Lunar Module (LM) to AiResearch.

The basis for Grumman's work is specified in the following:
a. Garrett Corporation, AiResearch Manufacturing Company Document
66-0232, Rev. 2, May 9, 1966 - Statement of Work for Grumman

Ajrcraft Engineering Corporation

b. NASA Study Guidelines-Design Criteria and Reference Data Handbook
for Lunar Exploration Systems

Volume I: General Criteria
Volume II: LM/Truck Shelter Payloads

c. NASA Document ~ Statement of Work, ﬁa?ly Lunar Shelter Design
and Comparison Study, P-163, July 1965
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SECTION 2

SUMMARY

The shelter payload configuration studies by Grumman are documented in
the body of this report. The supporting tasks performed by Grumman, such as
LM subsystem data/descriptions and review of study guidelines are given in
the Appendixes to this report.

A series of shelter concepts and the corresponding outboard and inboard
profiles of overall shelter payloads were generated to ascertain the upper
range of shelter volumes attainable consistent with the weights, volumes, and
form factors of scientific equipment, reactant tankage, subsystem equipment,
etc., for a 2- to 3-man multiweek staytime mission.

Preliminary results showed that about 550 to 600 cu ft was attainable
for shelters having simple geometric pressure shell forms - right circular
cylinders and spherical sectors.

Further iterations of the conceptual designs were performed to accommo-
date changes in equipment and expendable volumes and to satisfy a shelter
volume goal of about 700 cu ft.

The resulting'final series of shelter configurétions were compared, and
two candidate configurations were selected: a vertical cylinder and a hori-
zontal cylinder, '

In addition. to further development of the outboard profiles used in
selecting the candidate shelter configurations, inboard profiles, and structural
arrangements -of the overall shelter payload for each candidate configuration
were developed to allow a more comprehensive comparison between vertical .and
horizontal cylinder shelters,

The horizontal cylinder shelter was selected as the recommended configura-
tion because it more readily satisfies the functional form factors associated
with required crew activities and equipment placement, provides greater shelter
volume at less weight, and is simpler to fabricate.

As illustrated in Figure 2-1, it consists of an 8.1-ft-dia horizontal
cylinder with 7-ft radius spherical sector end domes; it has an overall length
of 16 ft and a gross internal volume of approximately 750 cu ft. It would
be fabricated primarily from 2219 - T87 aluminum alloy and would have a
structural weight of approximately 750 1b.

The shelter has a 2-man air lock, internal arrangements for a 3-man crew,
and satisfies the requirements of a mission duration of 6 months quiescent
storage and 50-day staytime.

Concomitant with the conceptual design of the shelter, radiation and
micrometeoroid protection analyses were performed, and the required protection
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provisions were integrated into the shelter payload configuration. " The
radiation protection is afforded by internally stored equipment and supplies
supplemented by polyethylene water blankets. Micrometeoroid protection is
achieved by a bumper and backup sheet with a layer of foam in the spacing
between them.

‘Deployment techniques and devices to bring the shelter payload from an
"as landed" condition to operational status were also studied.

The preferred approach is to leave the shelter payload on the LM/Truck,
level the LM/Truck, employ two devices for equipment unloading (jib boom and
cable arrangement for scientific equipment packages, pivoting A-frame and cable
arrangement for the Local Scientific Survey.Module (LSSM)), and use a separate
ladder and platform at the air lock door for routine access between the shelter
and lunar surface.

This approach results in minimum overall weight penalty, minimum com-
plexity of deployment devices, and minimum surface activities to attain
shelter payload operational status.

The total weight of the shelter (including structural supports for all
internal and external equipment, deployment devices, thermal insulation,
radiation and micrometeoroid protection) is approximately 1600 1b.

AIRESEARCH MANUFACTURING DIVISION 2-3
Los Angeles, California
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SECTION 3

SHELTER CONSTRAINTS AND REQUIREMENTS

The NASA study guidellnes (Reference |) and statement of work (Reference
2) provided the initial definition of constraints and requirements. The
generation of initial shelter concepts and the preliminary results of sub-
system studies led to concurrence/direction by AiResearch to utilize the
following ground rules for continued evolution of sheiter configurations:

° LM/Truck payload volume and center of gravity (cg) envelope as
shown in Figure 3-I

®  6-month quiescent storage mode
° l4- to 50-day staytime
o Consumable weights and volumes for a two-man, 50-day staytime as

given in Table 3-I

° Habitable volume, equipment, and nonconsumable provisions for a
3-man crew

] 2-man air lock having 80 cu ft free volume
® 0.997apercent probability of no meteoroid puncture

° 0.99-percent probability of not exceeding 500 rad to the skin or
200 rad to the blood-forming organs (BFO)

® |5 deg horizontal attitude correction capability from an "as landed"
maximum of |8 deg

o LM/Truck flight and landing loads as discussed in Sectlon 4 under
the heading STRUCTURAL CRITERIA AND LOADS

[ Scientific equipment, as shown in Table 3-2, to be carried as
part of the shelter payload

The LM/Truck is a Lunar Module (LM) descent stage modified by the addi-
tion of the reaction control, communications, guidance, and navigation equip-
ment (normally carried in the LM ascent stage) to allow an unmanned landing
of the Truck. It will be delivered to lunar orbit by a manned Apollo Com-
mand Module and Service Module (CSM). The CSM will transpose and dock to the
LM/Truck after translunar injection in the same manner as for the LM. This
will require a docking ring and drogue, on the top of the LM/Truck payload,
identical to those located on top of the LM ascent stage. Following separa-
tion from the CSM, the Truck payload descends automatically to the surface
along a flight profile similar to that followed by an LM.

AIRESEARCH MANUFACTURING DIVISION 3-1
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| CONSUMABLES (FOR 2-MAN - 50 DAY STAY TIME)
DIMENSIONS VOLUME MASS
EQUIPMENT CM (IN) cm3 (FT’) KG {LBM) COMMENTS
150 LiOH Cartridges 15.2 DIAx 30,5 * (6x12) 834, 000 29.4) 272 (600) Nominal dimensions per cartridge
Food . 228, 500 @8) 5.4 (166) No individual packages dimensions given
Dimensions per Hg 2 tanks required, dimensions
H, 100x140 *  (43x55) | 1,940,000  (68.2) 209 (460) | exclusive of 5 cm highx 7.8 cm wide (2x3) girth rings.
Mass of Hg per tank = 31.8 kg (70)
o 132 DIA SPHERE 52 1, 205, 000 42.6 Dimensions exclusive of 5 cm high x 7. 8 cm wide (2x3)
2 62) + 209, 2.8 | 715 (1575) | girth rings. Mass of Oy = 636 kg (1400)
Potable H30 initial fill 27.3 kg (60) at beginning of sfay
H,0 « * * time 72,6 kg (160) available. (Maximum waste tankage
capacity 236 kg (520) )
Crew Hygenic Supplies, * 133,000 * (4. 7) 21,3 * (47) As shown in Table 4-2 Internal Equipment
Disposable Garments, etc.
DIMENSIONS VOLUME MASS
EQUIPMENT cM™ () oM FTd | kG LBM
i 2 ‘;-30x13x45 (11.8x5.2x17.8) 35,100 1.24 45.4 100
;| Theodolite and Ranging Laser 2 1-30x30x25 (11,8x11.8x9.9) 45,000 1.59 | .
i | Surveying Markers 12,.5x10x180 (5x4x7T1) 22,500 195 9.1 20
i 30x38.5x60 (11.8x15.2x23.6) 69, 300 2.45 :
Sketch Board & Maps 45x45x5 (17.8x17.8x2) 10,125 .358 2.3 5
Multiboard Photography 78x38x51 (30.8x15x20,1) 151, 000 .534 39 86
& Radiometry .
Gravimeter 11x22x15 (4.4x8.7x5.9) 3, 630 . 128 5.9 13
|
i Magnetometer 15 DIA SPHERE (5.9) 1,760 . 082 4 9
: 10x10x20 (4x4x7.9) 2, 000 .07
Nuclear Measurements Package 5DIA x 85 (2x33.5) 1,670 . 059 15.8 34
25x20x20 7 (9.9x7.9x7.9) 10, 000 . 353 :
E Sample Containers & Hand Tools 22x30x60.5 (8.7x11,8x23.8) 40, 000 1.415 12.5 27
: Surveying Staff & 10x15x140 (4x8,7x55.1) 21, 000 . 742 13 29
; Extra Battery 10x12.5x18 . {4x5x7.1) 2,250 . 079 5.9 13
j | Data Handling & Interface 22x30x60.5 E (8.7x11,8x23.8) 40, 000 1. 415 30 66
i Sheiter Geology 30x15x20 (11.8x8.9x7.9) 9, 000 .318 8 18
‘ ’
Astronomy Experiments 22x30x45 (8.7x11.8x117.8) 29,700 1.05 22.1 48.5
Seismic Deep Defractor 60x60x84 (23.6x28.6x33.1) 302, 400 10. 68 204 . 450
Gas Analyzer 12x10x76 {4.8x4x30) 9, 120 . 322 4.5 10
‘| Penetrometer 26x15x18 (10.3x5.9x7.1) 7,560 .268 2.1 []
|} Surface Electrical Package 5 DIA x 25 ) (2x98.9) 810 . 003 1.5 3.3
! Radiometry Package 10.2x12.7x25.4 (4x5x10) 3,290 L1168 4 9
il 10 Foot Drill 10.2x10.2x330 (4x4x130) 34,300 1.215 13.6 30 '
i
Sonic Velocity Logging 5 DIA x 91 (2x35.9) 1,790 . 083
10 DIA x 6.6 (4x2.8) © 518 .018 4.9 10.8
18x6x6.6 (7.1x2.4x2.6) 712 . 023
Electrical Induction Logging 2.3 DIAx20 (.9x7.9) 83 . 003 2.3 5
20x20x12.5 {17.9x7.9x5) 5, 000 117 ’
100 Foot Drill . 15.25DIAx 30.5 .(6x12) 5,560 L1917 12,25 27
30.5x81.5x1086.6 (12x36x42) 298, 000 10.51 5.45 12
. 22.8x76.1x366* ) (9x30x144) . 635, 000 22.45 68.0 150
Telluric Current /S- 1 DIA x 100 ~  (.4x39.4) 236 . 008 14 31
- 36x36x36 (14.2x14.2x14.2) 46, 600 1. 646
Erosion Samples 36x30x15 (14.2x11.8x5.9) 13, 500 . 476 4.5 10
Environment Exposure Panel 35x35x1.5 {13.8x13.8x.6) 1,837 065 1 2.2
Meteoroid Ejecta 4x4x1 (1.6x1.6x.4) 16 0 5 1.1
Tissue Equivalent 5x5x20 (2x2x7.9) 500 018 2.3 5
Ion Chamber
Emplaced Scientific Station 45x60x120 _ {17.8x23.6x47.3) 322, 000 11. 380 63 139
60x60x60 1 (23.6x23,6x23.6) 216, 000 7. 625 100 220
60 DIA x 60 {(23.6x23.6) 170, 000 6. 00 25 55
Satellite ESS b-23. 1x34_6x46.2 - {9.1x13.7x18.2) 111, 000 3.92 102.3 225
|

¥ Dimensions of drill rod

i

extensions speclfie;i by AiResearch; may be changed

to a minimum of 72" with commensurate width and/or depth changes or
multiple packages.

J
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The payload volume envelope shown in Figure 3-1 differs in several
details and contains additional constraining dimensions as compared to that
shown in the study guidelines; the envelope is the same as that defined for
the Apollo Extension System studies (precursor to AAP). The 5-in. clearance
between the spacecraft LM adapter (SLA) and the payload envelope was increased
to 7 in., and the upper surface of the volume contoured to accommodate a
7 deg gimbaling excursion of the Service Module engine nozzle during on-pad
checkout.

The resulting primary envelope is a truncated cone of approximately
2050 cu ft with a base dia of 8 ft, upper dia of 15 ft and a height of
9.7 ft. To accommodate the solid angle requirement of the inertial measuring
unit (IMU) and automatic star tracker mounted on the top of the +Z landing
gear truss, the conical surface of the payload envelope at this location is
“interrupted to form a flat plane surface. The volume of the triangular cross
section annulus above the truncated cone is approximately 150 cu ft, but its
configuration severely limits the usefulness of this volume to accommodation
of small antennas or local protuberances of equipment from the primary enve- .-
lope. In the vicinity of the S IV B adapter section of the SLA a 20 deg
extraction angle, relative to the SLA, defines the clearance constraint for
any equipment mounted on the LM/Truck faces. Also, and 8-in. clearance above
the S IV B dome was used as the limit for equnpment mounted below the Truck
main structure.

Use of the volumes below station X-200 is limited due to the small,
odd-shaped envelopes, close priximity to the reaction control system (RCS)
units, and the desirability of minimizing the number of structural inter-
faces with the Truck.

The maximum payload capability is 10,300 lbm, and its cg must be within
the envelope defined by a 2.5-in. radius about the vehiclets vertical (X)
axis and stations X232 to 246.

The primary structure of the LM/Truck consists of two:sets of parallel
main beams (the two beams of each set are on 54-in. centerlines, and each
is approximately 64 in. deep) arranged as a cruciform and interconnected
by diagonal members. A tubular truss structure at each end of the cruciform
transfers the Truck loads to the SLA. These cruciform beams are used to sup-
port the shelter payload.

The 6-month maximum unattended storage is a design specification of the
study statement of work (Reference 2) for meteor0|d shielding, cryogenic
" boiloff and other time-related factors.

Results of initial subsystem studies defining weights, volumes, and con-
sumable rates were the basis for considering staytimes of 14 to 50 days.

The tabulation of consumable weights and volumes shown in Table 3-I is
the final iteration in support of a 2-man crew, 50-day staytime, However, to
facilitate subsequent considerations of growth potential or operational

R : -
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flexibility (without major reconfiguration of the shelters), shelter volumes,
internal arrangements, and accoutrements were based on a 3-man crew.

The crew safety considerations implicit with having an air lock which
could accommodate the ingress/egress operations of 2 men simultaneously far
outweighed the minor reduction in work/living volume in the shelter as a
result of the 2-man air lock.

The 0.997-percent probability of no meteoroid puncture of the shelter
during the storage and operational phases was assigned to satisfy the overall
probability requirement of 0.99. The protection analysis was based on the
AAP meteoroid criteria.

The 0.99-percent probability of not exceeding 500 rad-skin or 200 rad-BFD
as specified by the study statement of work was considered as an upper bound,
the requirements for lesser exposures and higher probabilities were also
examined, The protection analysis was based on the solar flare data provided
in NASA TN D-2746 (Reference 3).

The 18 deg maximum slope of the Truck horizontal plane relative to the
local horizontal is specified by the study guidelines, the 15 deg correction
capability was specified by AiResearch.

The LM/Truck flight and landing loads discussed in Section 4, STRUCTURAL
CRITERIA AND LOADS are revised versions of those shown in the study guidelines
to include the loads used in the AAP study program.

The scientific equipment summary shown in Table 3-2 is the final iteration
derived from NASA-approved revisions to the equipment volumes and weights given
in the study guidelines. The influence of various equipment envelopes on the
shelter configuration development is discussed later in this report.

The storage mode configuration, weight, and pertinent data for inte-
grating the L5SM into the shelter payload are shown in Figyre 3-2. Although
the study guidelines also specified that a lunar flight vehicle (LFV) would
be used on some missions, at NASA direction, this requirement was later
dropped. The LSSM was considered in the development of the shelter outboard
profiles since it occupies! about 4 times the volume of the LFV and has a more
difficult form factor to accommodate in the payload envelope. Consequently,
if desired, the LFV could be substituted for the LSSM at a later date.
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SECTION 4

SHELTER. CONCEPTUAL DESIGN

GENERAL

The conceptual design of the shelter and overall payload arrangement was
an jteratjve process guided by the volume - weight interactions of the follow~
ing overall mission/system constraints and requirements:

® LM/Truck payload envelope

e Scientific equipment and the LSSM
) Multi-man crew habitability for staytimes greater than |4 days
® Expendables and equipment to sustain the shelter operation and

mission activities

The conceptual design was initiated by determining the volume available
for the shelter after accommodating other components of the payload within
the 2050 cu ft primary envelope. The volumes and dimensions for all exter-
nally located equipment as specified in the initial phase of this study are
shown in Table 4-1, Considering the form factors of the equipment and that
the necessity for maintaining a cg position precluded locating them as a
single.group, approximately 750 cu ft is required for integrating this equip-
ment into the payload. Structure to carry the equipment loads to the LM/Truck
cruciform beams and the docking ring with its supporting structure, to perform
the same function as on LM, required a volume allocation of about 100 to 200
cu ft. The total volume required for the equipment, the docking ring and
support structures amounted to 850 to 950 cu ft, leaving approximately 1100 to
1200 cu ft for the shelter.

Initial configurations resulting from the use of combination of simple
geometric pressure shell shapes (circular arc and spherical sectors) had form
factors which caused a further reduction in attainable shelter internal vol-
umes to a range of about 600 to 800 cu ft; a volume of 70 to 100 cu ft was
allocated to provide for micrometeoroid shielding based on using a bumper-
backup sheet spacing of 2 to 3 in. over a surface area of 400 cu ft.

The utilization of volume within the shelter was also examined at this
point. The volumes and dimensions of internally located equipment (ECS unit,
hard suits, bunks, food, etc.) as specified in the initial phase of this study
are shown in Table 4-2 and account for about 250 ct ft. The resulting ratio
of free volume to total shelter volume is about 0.6 to 0.7 which compares
quite well with the results of previous studies.,

Although the volumes and form factors of these initial configurations
appeared adequate for satisfying the crew habitability and mission requirements,
a primary consideration during the initial phase of the study was to provide
overall shelter payload arrangements which were amenable to variations in
mission requirements or constraints as defined by:

4-1
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TABLE 4-1
EXTERNAL EQUIPMENT (INITIAL PHASE OF STUDY ).
DIMENSIONS VOLUME MASS
EQUIPMENT CcM (IN) cm3 (FTS) KG (LBM) *COMMENTS
H, Tank 167 DIA SPHERE* (59) 1, 762, 000 (62.2) 222 (480) Tank configurations, volumes and masses changed
for later phases of study as described in sections
O2 Tank 142 DIA SPHERE* (586) 1,505, 000 (53.1) 150 (1850) 4.2.1.1, 4.2.1.2and 4.7. 1.1
Fuel Cell Assembly 30.5 DIA x 98.5 {12x38) 289,500 * (10.3) 149 * (328) Volume allocation for 3 FCAs, but mass allocation
FCA Collector Tank 80.5 DIA x 46 (12x18) 25, 500 {.9) .9 (2) for only two as specified by AiResearch
FCA Radiator * 127, 400 (4.5) 24.5 (54) Area of 27 ft2 and 2" nominal thickness specified**
ECS Radiator * 340, 000 (12) 83.5 (140) | Area of 72 ft2 and 2" nominal thickness specified**
Power Conversion 30.5x61x76.5 (12x24x30) 141, 800 (5) 90.8 * (200) Mass reduced to 25. 2 kg (100) for later phases of study
Electronic Converston 61x91,5%91.5 (24x36x36) 510,000  (18) 100 (450) 32‘:;3‘;‘;1?435:;?0‘3%:0:&5% Xt &
LSSM (See figure 3-2) (See figure 3-2) 45 *+ (980) &°2§i§i?§§%%§fﬁ‘,i‘ﬁiﬂm°§fﬁ§;m increased
Hy0 Waste Tank 76.4 DIA SPHERE (30.1) 235, 000 (8.3) 6.8 * (15) Empty tank weight For later phases of study,
ECS Condensate Tank 41.7 DIA SPHERE  (18.8) 56, 600 @) 1.4 * (3) Empty tank weight p ocsrated into bunks,
ECS Potable HzO Tank 70.6 DIA SPHERE (27.8) 184, 000 (6.5) 4,5 * (10) Empty tank weight internal unit
Theodolite and Ranging Laser * ¥ * As listed in Table 3-2, only set stored externally
Surveying Marker * * * As listed in Table 3-2
Sketch Board & Maps * * * As listed in Table 3-2
Shasiband P hotography * x . As listed In Table 3-2
Gravimeter * * * As listed in Table 3-2
Magnetometer * * * As listed in Table 3-2
Nuclear Measurements Package * * * As listed in Table 3-2 I
Sample Containers & Hand Tools * * * As listed in Table 3-2 ‘
Surveying Staff & Extra Battery hd * * As listed in Table 3-2
Astronomy Experiments * * * As listed in Table 3-2
Seamic Dcp Reracors : : B+ qas) | Mase mereased o 206 ke (45)or e phasn o
Penetrometer * * * As listed in Table 3-2
Surface Electrical Package * * * As ligted in Table 3-2
Radiometry Package * * * As listed in Table 3-2
10 Foot Drill * * * As listed in Table 3-2
Sonic Velocity Lc;gglng * * * As listed in Table 3-2
Electrical Induction Logging * * * As listed in Table 3-2
100 Foot Drill 66x46x366 (26x18x144) | 1,110,000 (39.2) .
66 DIA x 335 (26x132) 1, 148, 000 (40. 6) o1 (200) For later phases of study 66 dia x 335 package
107x30x91 (42x12x36) 92, 000 (10. 3) eliminated and dimensions and volumes changed
76x46x25 (30x18x10) 87,500 (3.1) as shown in Table 3-2
Telluric Current * * * As listed in Table 3-2
Erosion Samples * * * As listed in Table 3-2
Environment Exposure Band * * * As listed in Table 3-2
Meteoroid Ejecta * * * As listed in Table 3-2
Tissue Equivalent Ion Chamber * * * As listed in Table 3-2
Emplaced Scientific Station 91.5 DIA x 76 (36x30) 499, 000 (17.6) For later phases of study changed to 3 packages
138 (300) with increased total volume and mass, 708, 000 cm3
51 DIA x 63.5 (20, 1x25) 129, 500 4.7 (25 {t3) and 188 kg (404 1b) as listed in Table 3-2
For later phases of study 3 Satellite ESSs required,
Satellite ESS Not Determined Not Determined 65.6 (145) 34.1 kg (75 Ibm) each and dimensions as listed

in Table 3-2

**Areas changed and radiators integrated into one unit for later phases of study
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DIMENSIONS VOLUME ) TOTAL VOLUME, TOTAL MASS
EQUIPMENT cM (¥ (47 (FT3) G (LBM) QUANTITY cm (FTY) KG (LBA)
Pard Suit 116.8x38.2x60.9 (46x15x24) 71,000 9.58 3.6 85.0 ) 813, 000 28.74 115.8 255.0
Soft Suit ) 22.8x68.6x178 @x27x70) 79, 000 085 29.5 6.0 H 435, 000 29,50 88.5 195.0
Liquid Cooled Garment {LCG) 15.25x30.48x30.48 (6x13x12) 14, 150 .5 195 4.3 3 42,500 1.5 5.85 12.9
Constant Wear Garments (CWG) 4.82x25.4x25.4 " (1.95x10x10) 3,200 .13 .36 .8 48 153, 000 5.4 17.42 8.4
Amk-lﬂeomid/‘!'herm! Garment 20.3x30.5x45.7 (8.0x12x18) 28, 300 Lo 3.4 8.1 -3 84, 900 3.0 1.4 25.1
EVA Boots 16.5239,5x35.6 (6.5x12x14) 18,900 .67 . 566 125 3 Pairs 586, 600 2.0 1.7 3.1
EVA Gloves 12.7 DA x 27.8 {5 DiA x 11) 3,510 124 .58 175 3 Pairs 10,530 .M 2.38 5.25
" Intravehicie Slippers 7.8x15.3x30.5 (3x€x12) 3,520 125 .08 .2 3 Pairs 10, 560 T3 .27 .6
Suit Spare Parts & Repair Kits 12.7 DA x 21,9 1S DIA x 11) 3, so0 14 .453 L0 3 14, 800 .52 1.36 3.0
Tool Kits 24.1236.8236.8 (9.5x14.5214.5) 32, 800 118 17.2 8.0 1 12, 00 1,16 17.2 38.0
Helmet . 30.5x30.5x30.5 (12x12x13) 8, 300 Lo 136 30 3 84,900 3.0 4.8 9.0
ECS Package 45.7xTix191 (18x28x75) 390, 000 1.8 81,8 400, 0 1 380, 000 13.8 181.5 400, 0
LSS 26.7x45.7288.5 (10.5x18x27) 84,700 3.0 29.5 5.0 ] 510, 000 18.0 171.0 390.0
LioH 14 DIA x 218 (5.5 DIA x 11} 4,360 .151 1.8 4.0 150 842, 000 22.65 2710.0 600, 0
PLSS Battery Charger 8.9x15.24x16.5 (3.5x6x6.5) 2,240 .01 L8 4.0 1 2,340 - CLom 1§ 4.0
PLSS Batteries B.6x12.7x14.2 {3.4x5x3.8) 1,550 . 055 .17 5.0 12 18, 700 .66 21.2 0.0
PLSS Calibration Unit 2.5¢ DIA x 1.27 (1D x.5) 14 . 0005 . @86 . 063 3 2 L8015 . 0857 .188
Emergency Oxygen System 524 DA X T. 8 (6014 x3) 1,290 . o9 LS 33 3 4,180 e 45 [X)
Umbilicals . 6.35 DIA x 274.3 (2.5 DIA x 108) 8,500 .307 2.04 % 3 2¢, 100 .91 612 1.5
o Medical Emergency Supplies 30.5x30.5x42.6 (12x12x1€.8) 39, 600 1.4 5.45 ne 1 39, 800 14 §.45 12.0
o fousekeeping Provision Package 20,3x20.3x15.8 (8x8x8.25) 11, 300 .4 .71 5.0 1 11,300 “ 2.7 5.0
o Persoral Hygiene Facilities 22.8x23.6x26.7 (9x9x10.5) 14, 150 .5 5%, [¥] 1 14, 150 .5 272 5.0
o Personal Storage 22.8x22.8x26.7 (9x9710.5) 14, 150 .5 2.48 5.5 1 14, 150 .5 2.49 5.5
o Laundry 32.5x45.7x45.7 (12,8x18x18) " 8,000 2.4 10.9 2.0 1 8, 000 2.4 10.8 24.0
Recreation Equiprent 25.4x27.9%27.9 (10x11x11) 19, 800 7 368 8.0 1 19, 800 .1 268 80
Exercising Equipment 10.2x10.2x12.7 (4x4xS) 1, 300 . 046 .9 2.0 1 1,300 . 48 .9 2.0
Waste Mamagement System 37.8x45.7x50 (14.9x18x20} 81, 100 3.1 23.6 52.7 1 87,700 11 7.6 52.7
TV Camera 10.2x18.3x25.4 {426x10) 1,%40 . 138 34 1.5 1 3,940 139 3.4 1.5
Movie Camera 7.8x12.7x12.3 {3x5x86) 1,479 052 113 15 ] T 1,410 .052 113 .5
%ill Camera 21.6x21.6x35.4 (8.5x8.5x10) 11,300 2 (%} 10.5 1 11, 300 .Q s 10.5
Extra Film & Tape 15.3x17.8x20.3 (6x7x8) 5, 510 195 1.3 25.0 1 5,510 s .3 2.0
Deta Handling Interference Equipment - 22x30x60.5 (8.7x11.8x23.8) 40, 000 1415 30.0 0.0 1 40, 000 1.415 0.0 66.0
Theodolite and ) 30x13x¢5 (11.8x5.1x11.8) 35, 100 L 2.1 50.0 1 35, 100 1.24 .1 50.0
Ranging Laser 30x30x25 (11.8x11.8x9.9) 45, 000 1.58 2.7 50.0 1 45, 000 1.5¢ 2.7 50,0
Shelter Geology Equipment 30x15x20 (11.8x5.9x7.9) 9,000 .318 8.0 18.0 1 v, 000 a8 8.0 18.0
Gas Analyzer 12x10x78 (4.8x4x30) 3,120 ¥ ;] [X 10.0 1 0,120 .52 [ 10.0
Radiation Dosimeter 2.54 DIA £ 1.27 {1DIAX.S) u . 0005 . 0206 .08 1 14 . 0005 . o286 . 083
Consoles: Equipment B 635, 000 9.4 .57 145. 00 1 [ 835,000 29.4 .57 145.00
Crew Provisions 564, 000 19.9 a.s 105.0 1 564, 000 19.9 e 105.0
Suit Checking Station 7.6x38x56 (3x15222) 18, 550 . 585 n ‘.o 1 16,550 . 585 in [ X
Tables: Work C s '
. Eating & Recreation . -
Seats ’ 40.6 DIA x 15.3 (16 DIA x 6) , 300 2.3 18 40 3 134, 800 a4 5.4 12.0
Bunk Beds - 7.6x66x193 (3x26x76} 91,760 345 [X) 15.0 3 292, 200 10.33 20.4 5.0
Lights:  Portable 2.54x8x10.2 {1x2x4) 130 . 0048 K .2 3 0 L0138 2.1 .6
Table 5DIA 2 1.9 (2 DUA x .75) ] . 00174 .9 .2 3 " . 00522 2.1 .8
Dome 7.6x2.54 (3DIAx1) n, . 0013 136 3 3 1o .00 [N .9
Food ’ 126,200 8.00 5.2, 1680 22¢, 200 .00 7.2 166.0
Water Probe* 1.6x7.4x10.2 (.625x3x4) s . 004 .22 .5 1 113 . 004 .m .5
. Hot Plate ‘I.4PAITE (10DIA x ) 3,850 .138 217 5.0 i 3,850 .18 L 5.0
Crensils 15.2x17.8x17.8 (8x7xT} 3,900 14 117 5.0 1 3,960 R L 5.0
Dispenser 17.2x20,3x30.3 (6. 8x8x8) 1,000 .1 L7 5.0 1 7,080 .5 L 5.0
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o Al larger number of crewmen
° Increased| staytime
e Changes| in scientific payload complement
‘. Increased| mobility

The capability of the ELS to accommodate larger crews is predominately
based on the shelter volume available to satisfy the habitability and mission
activities requirements of the crew. The most severe constraint on the attain-
able volume and resulting shelter form factors, for rigid structures, was the
required integration of the LSSM or any other comparable size payload such as
a lunar based astronomical observatory into the overall payload. Without this
constraint, shelter volumes of approximately 1000 cu ft are possible in which
the configuration is a vertical cylinder whose sides are tangent to the SLA,
and which has a composite floor and supporting structure at least 30 in. deep
similarly to that shown in Reference 4. The 1000 cu ft can provide the habita-
bility needs of 4 to 6 men, the manned delivery compatability of two LM's. For
this type configuration, the expendable tankage and associated equipment would
be supported in the central part of the composite structure and the experiment
packages supported in the annular volume about the equipment. The necessary
compromise of limiting at least one dimension of the payload components, stored
in this manner, to 30 in. was considered premature for early lunar shelters in
which one logistics carrier provides both habitability and scientific mission
equipment. However, it would be compatible with more ambitious activities
using a separate logistic landing to supply the experiment payload as with the
twin LM/Truck delivery system or.a new large logistic vehicle (LLV).

Extensible and inflatable shelter structures were also considered for
- providing larger volumes to accommodate laiger crews within the constraints
of a single LM/Truck delivery.

The extensible shelter consists of concentric structurally rigid sections
in which, for delivery to the lunar surface, the inner section is in a tele-
scoped or retracted position within the main or outer section. In situ
extension of the inner section provides the additional volume for the larger
crews. This concept is most suited to horizontal cylindrical shelter con-
figurations and is discussed further in Section 6.

The investigation of using inflatables led to other considerations. The
volumes, form factors, and preferred peripheral locations of shelter internal
equipment require the retracted volume and, therefore, the exposed surface
area of the inflatable to be a large fraction of its erected volume and sur-
face, Therefore, from the viewpoint of reduced surface area exposed to the
micrometeoroid environment during the quiescent period, one of the potential
benefits of using inflatables is achieved only to a minor degree. The possi-
bility of mitigating the above consideration by prearranging the equipment
into a compact grouping or storing it externally to the contracted shelter
was el iminated because the amount of in situ crew activity to bring the
shelter into operational status was considered too severe for an early lunar
shelter. Docking ring and outboard equipment supporting structures necessary
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with an inflatable structure would impose larger weight and volume penalties
than ones which are integrated into a shelter structure capable of taking
concentrated loads. The primary advantages of inflatables are exhibited when
the ratio of expanded volume to available storage volume is high, e.g., 5/1,
and when wall weight is only a function of self supporting strength and inter-
nal pressure can be used to maintain the expanded configuration. Neither of
thesé conditions exist in this study. Considering that the requirements for
as many as 6 crewmen can be satisfied with a 1000 cu ft shelter, the ratio of
available to expanded volume would be only about |.5. Also the wall weight to
satisfy micrometeoroid protection requirements exceeds the reguirements to
make it self supporting without relying on internal pressurization.

Based on the preceding considerations and the fact that volumes attain-
able with rigid shelters appeared suitable for 3-man crews, or up to 6-man
crews with a rigid extensible section, the investigation of inflatables for the
shelter was discontinued. '

The applicability of inflatable or deployable air locks in conjunction
with a rigid shelter structure was similarly reviewed and, based on the minimal
volume gains (internal and external) compared to the attendant decrease in’

‘relijability and increase in operatlonal complexnty, they were eliminated for
use in an early lunar shelter.

However, the use of inflatables to satisfy emergency or temporary habit-
ability requirements in conjunction with the shelter payload does appear
attractive as illustrated by the following description of the physical charac-
teristics of an inflatable studied by Goodyear Aerospace Corporation in con-
nection with increasing the habitability of the LM vehicle (Reference 5).

The inflated configuration consists of a 400 cu ft cylindrical section

- approximately 7 ft dia by I3 ft long and a 100 cu ft air lock section approxi-
mately 7 ft dia by 4 ft long; the two sections are connected by the inboard
air lock door frame edge member. The weights of the cylindrical and air lock
sections are 220 1b and 100 1b respectively. The corresponding unit structural
weight is approximately 0.7 Ib/sq ft for the pressure structure, internal
pressure bladder, 2 in.. compressible foam micrometeoroid barrier and an outer
cover for the thermal coating. A full scale functional model was packaged
into a 5 by 2 by 6 ft envelope; this size package could be stored in the space
occupied by the LSSM or with minor repackaging could be stored in the shelter
and removed upon shelter activation.

Increased staytime is primarily equatable to increased expendable require-
ments. An exoskeletal structural support approach for the expendable tankage
and LSSM makes the substitution of tankage for the LSSM a comparatively minor
modification with little influence on the shelter configuration or its primary
structural arrangement. This structural approach also allows considerable
flexibility to accommodate changes in sizes and shapes of the scientific
equipment payload complement with minor influence on the shelter.

4-5
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For continuous or intermittent occupancy of the ELS for periods as long
as one year by sequenced crews, expendables could be supplied by a transfer
operation from a separate logistics payload with the aid of a mobility sys-
tem. This concept is currently under study for the AAP in which the Augmented
LM is supplied by a logistic unmanned version of LM, called the Lunar Payload
Module, carrying expendables and scientific payload.

If the shelter remains fixed at its landed site, the area of examination
is limited by the range of the LSSM. A shelter which is transportable on the
lunar surface would allow a series of sites to be examined or reduce the LSSM-
Shelter travel time for a particular site of |nterest which did not coincide
with the landed site.

To satisfy this mode of surface operation the shelter can be made as a
powered trailer using the LSSM to guide it to particular sites. This concept
is discussed further in Section 6.

During the development of the shelter configurations and the subsequent
conceptual design, several previous studies of fixed and mobile shelters for
extended durations were reviewed (References 4 through 7) to ascertain the _
applicability of their results to this study. It was found that the require-
ments and constraints of these preceding studies were sufficiently different
from those of the current study to preclude any gross applicability of their
results as solutions to the problems of this study. "However, discrete aspects
such as those pertaining to crew habitability, micrometeoroid protection, and
payload deployment did provide points of departure or comparison for the
approaches considered in this study.

SELECTION OF CANDIDATE CONFIGURATIONS

Approximately |0 preliminary concepts of shelter configurations were
generated and reviewed. A comparison of these concepts led to the selection
of two baseline configurations which satisfied the initial shelter volume goal
of exceeding 500 cu ft. The were Configuration 3-Horizontal Cylinder (567
cu ft) as shown in Figure 4-1 and Configuration 4-Vertical Cylinder as shown
in Figure 4-2; the corresponding outboard profiles are shown in Figures 4-3
and 4-4 respectively. It is to be noted that in both profiles, the 18 by 26
by 144 in. size envelope of one of the 100-ft drill packages, as specified at
this phase of the study, and the LSSM were most influential in the arrangement
of the overall shelter payload and the attainable shelter volume.

As a result of an increase in the volume goal to 700 cu ft and subsequent
changes and allowable variations in the sizes of the 100-ft drill packages,
four additional configurations based on the horizontal and vertical cylinder
concepts were generated. These four configurations and the two baseline con-
figurations are referred to as the Final Series of Shelter Configurations and
are illustrated—in—Figure 4-5,

““—‘gfiﬁ Configuration 3B was selected over the other horizontal cylinder shelters
snnce\w{s _right circular pressure shell is structurally simpler and its volume
is greater than the 700 cu ft goal.
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Baseline Configuration 3 Horizontal Cylinder

Figure L-1.
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PLAN VIEW

VIEW A-A

CHANGE:

1. SHELTER
2. SHELTER AIRLOCK
3. Hpo TANK (2)
4. 0o TANK (2)
5. ECS CONDENSATE TANK
6. ELECTRONIC EQUIP. STORAGE
7. WASTE STORAGE TANK (2)
8. FCA COLLECTOR TANK (H0)
9. FCA UNIT (2)
S 10. HpO TANK
11. POWER CONVERSION EQUIP, STORAGE
5 12. 100 FT, DRILL PACKAGE (12'")
14, 100 FT. DRILL PACKAGE (3.5'")
2l 15. 100 FT. DRILL PACKAGE (2.5')
16. ECS RADIATOR
e 17. FCA RADIATOR
18. RTG UNIT
19. WORK PLATFORM STORAGE
20. ESS MISSION EQUIP. STORAGE (2)
21. RCS JETS
\\ B 22. STAR TRACKER
\ 23. LEG LADDER (2)
T 24, DOCKING PORT
& 25. DOCKING TARGET
\ 26. CREW/SHELTER EGRESS MECH. STORAGE
— 27. EQUIP. UNLOADING MECH. STORAGE
~ 28. SILA
29. SM ENGINE
30. §-IV B
31. EGRESS PLATFORM
32. ILSSM
33. He TANK (TRUCK)
A - k2.5 FTS TOTAL I H. STORAGE VOLUME WAS 33 73

2
B - 100 FT DRILL PACKAGES 1LL" X 30" x 9", 36 X 42 X 12, 6 DIA X 12 WERE
144 X 26 X 18, 26 DIA X 132, 36 X L2 X 12, 30 X 18 X 10

Figure L-3. Baseline Configuration 3
Horizontal Cylinder Outboard Profile

4-9



Page Intentionally Left Blank



67-1964-6
Book |

17. 100 FOOT DRILL PACKAGE 12'

1. SHELTER 18. 100 FOOT DRILL PACKAGE 2.5'
=Y 2. SHELTER ATRLOCK 19. 100 FOOT DRILL PACKAGE 3.5'

3. DOCKING PORT 20. ESS EQUIPMENT

4. DOCKING TARGET 21. ECS CONDENSATE TANK

5. STAR TRACKER -

6. RIG UNIT 23. TWORK PLATFORM

7. LEG LADDER (2) oL, FELECTRONIC EQUIPMENT STORAGE
2 g' ggi gﬁg%ﬁ%gg 25. POWER CONVERSION EQUIPMENT

10. 1SSM g?: gg gﬁﬂi

1l. EGRESS PLATFORM 28. EQUTP. UNLOADING MECH. STORAGE

l2. RCS JETS 29. CREW/SHELTER EGRESS MECH. STORAGE

13. 'HpO WASTE STORAGE TANK 5. SM ENGINE

14. Hg TANK (TRUCK) 31. STA
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The comparison of the vertical cylinder shelters resulted in the selection
of Configuration! 4 even though the volume of 4A exceeds the volume goal of
700 sq ft and 4 does not. This seeming contradiction to objectives was based
on the following considerations. For Configuration 4A, a greater amount of
equipment preferably stowed externally had to be placed inside the shelter,
and the form factor of the volume available in the second Iobe limits its
utilization to a small fraction of the geometric volume.

Although the volume goal was 700 cu ft, the over 600 cu ft of Configuration
4 could satisfy the requirements of a 3-man crew; therefore, both Configura- ‘
tions 3B and 4 were studied further to allow a more quantitative comparison
between vertical and horizontal cylinder configurations.

SELECTION OF RECOMMENDED CONFIGURATION.

To provide a basis for a comparative evaluation of the two candidate
shelter configurations and the subsequent selection of a recommended configura-
tion, the following were developed for the two candidate shelter payload con-
figurations: '

] Outboard profiles

° Inboard profiles

®  Structural arrangements
] Mass summaries

The shelter payload can be considered to consist of four groupings:
a. The shelter and all internal equipment and furnishings

b. Externally located equipment and consumables which-are directly
related to shelter operation and are connected to' the shelter by
electrical and fluid lines

c. Externally located equipment which are related to extra-shelter
activities (ESA) such as scientific equipment packages and the
LSSM

d. Support or handling provisions which are not required for initial
occupancy of the shelter such as temporary access platforms and
unloading devices and small equipment such as, sample containers,
and surveying markers

Qutboard Profiles

In addition to satisfying the requirements, constraints and goals noted
in Section 3 and previously in Section 4, the following ground rules were
applied in the development of outboard profiles for Configuration 3B-Horizon-
tal Cylinder, and Configuration 4-Vertical Cylinder.

| 414
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Items of group (b) such as cryogenic tankage and fuel cell assemblies
should be positionally fixed to the shelter whether or not the shel-

ter is to be moved relative to the LM/Truck and functionally grouped

to minimize electrical and fluid line lengths.

Items of group' (¢) should be arranged to localize unloading require-
ments and the provisions for unloading should also be independent of
the "as landed" attitude of the LM/Truck or the final position of
the shelter payload relative to the LM/Truck.

Items of group (d) may be stored in the shelter.
Initial access to the airlock outboard door, entry, and pressurized
occupancy of the shelter should not require relocation of stored

equipment. . 7

Minimum use of LM/Truck sides should be made for mounting stored
equipment or supplies.

Equipment of all groupings should be located to help maintain overall
cg location limitations.

I. Confiquration 3B Qutboard Profile /

The outboard profile for Configuration 3B is shown in Figure 4-6. The
pressurized shelter is an 8.1-ft dia cylinder with 7-ft radius spherical sec-
tor end domes. Its overall length is 16 fty,and it is located symmetrically
with respect to the Y and Z axes of the LM/Truck with the airlock (shelter
forward end) facing in the -Z direction. A docking ring and tunnel for accept-
ing the Apollo Command Module is symmetrically located at the top center of the
cylinder. The shelter end domes are tangent to the payload envelope, and there-
fore in the primary payload envelope only the space adjacent to the sides of the
shelter is available for equipment storage.

The cryogenics are stored in two separate tanks, the H, tank above and
slightly inboard of the 0, tank, located symmetrically with respect to the
Y axis on the -Y side of the shelter. The tanks have an overall wall thickness
of approximately 4 in. The 0, tank is spherical and has an outside dia of
52 in. The H, tank is nearly spherical with a L/D = 1.l and an outside dia of
55 in. The combined mass of the cryogenic fluids and tankage is about 2100 Ib.

The fuel cell assemblies (FCA), power conversion and electronic equipments
are grouped together aft of the cryogenic tanks on the -Y side of the shelter.
Their combined mass is approximately 480 Ib based on using two FCA's; the third
FCA is shown to satisfy the requirement that space, but not mass, is allocated
for 3 FCA's.

The LSSM, in a contracted configuration, is located symmetrically relative
to the Y axis on the +Y side of the shelter. It is positioned with the driving
station facing radially outward and downward such that its longitudinal axis is
at an angle of 5 deg with respect to the LM/Truck XZ plane. It was assumed

AIRESEARCH MANUFACTURING DIVISION 4-15
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Figure 4-6. Configuration 3B Outboard Profile
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that in the contracted configuration its suspension system is locked out and
the entire vehicle can be considered a rigid body; its mass in this storage
mode is 1380 1b. ' - ' :

The environmental control and fuel cell radiators are located in a
horizontal plane approximately tangent to the top of the cylinder on the -Z
and +Z sides of the docking tunnel. The protrusions of the LH, tank and the
LSSM above the primary space envelope and the docking ring structure occupied
sufficient area to require a folding section in the aft radiator which is
deployed after the shelter is occupied. The radiators have a combined surface
area of 117 sq ft and a total mass of 235 Ib.

The majority of the scientific equipment (Table 3-2) to be stored external
to the shelter is located in several clusters within the primary payload enve-
lope. Since all the equipment packages are identified in Figure 4-6 only the
major packages, from volumetric or mass viewpoints, will be mentioned in the
following. The Emplaced Scientific Station packages, having a mass of approx-
imately 414 1b, are located forward of the cryogenic tanks adjacent to the -Y
side of the airlock end of the shelter.

The Seismic Deep Refraction package and one of the Theodolite and Ranging
Laser packages, with a combined mass of approximately 500 1b, are located on
the +Y side of the airlock end of the shelter forward of the LSSM. The three
Satellite ESS packages, with a mass of approximately 225 1b, are located behind
the LSSM and directly over the LM/Truck beam. The Multiband Photography and
Radiometry package and five smaller mass packages are located aft of the LSSM
and adjacent to the shelter. This cluster of equipment has a combined mass of
about 210 1b.

As previously stated, there were several changes in the sizes, weights,
and total number of packages comprising the 100 ft drill assembly, some of
which were initiated to allow increased flexibility of storage location in
the primary payload envelope. The more significant changes were the elimina-
tion of the 26-~in.=dia by 132~in.-long package and the reduction of the
I8- by 26- by l44-in. package to 9 by 30 by l44 in. with a mass of 150 1b.

Since this latter package contained the drill rod extensions, it could be
reconfigured into two or three packages provided the aggregate cross-sectional
area rema.ined in the same, the l44~in. length being retained to minimize the
number of rod joints. For this configuration the drill rod extensions are
contained in two 9- by I5- by l44-in, 75-1b packages. They are located longi-
tudinally along both sides of the shelter over the Y axis LM/Truck beams,
their lengths positioned symmetrically with respect to the Y axis.

The remaining large (12- by 36- by 42-in.) package of the 100-ft drill
assembly is located inside the shelter.

Other scientific equipment packages which have small cross-sectional
areas and relatively long lengths such as the 10-ft drill and surveying staff
are located above the 100-ft drill rod extensions.

' 4-19
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The numerous equipment packages which are relatively small in size
(0.02 to 0.6 cu ft) and mass (| to 34 1b) can be located adjacent to some of
the large equipment packages to allow storing all the scientific equipment in
the primary envelope. Alternatives are to store them in cabinets in the shel-
ter or to group them in an equipment box which is mounted in the shelter or on
an LM/Truck -Y -Z face, as shown in Figure 4-6. The combined volumes and
masses of the packages in the box are approximately 2 cu ft and 125 1b.

Auxiliary equipment, such as for unfoading the scientific equipment, may
be stored above the 100=ft drill rod extension packages or inside the shelter.

2. Confiquration 4 Outboard Profile

The outboard profile for Configuration 4 is shown in Figure 4-7. The
pressurized shelter consists of two parallel, intersecting circular cylinders
74 in. high with spherical radii roof domes and a common flat floor. The
main cylinder is |17 in. in dia and has a 108-in. spherical radius roof dome.
It is intersected by the airlock cylinder, or lobe, which has a dia of 72 in.
and a 97.6 in. spherical radius roof dome. The plane of intersection is
located 47.3 in. from the center of the main cylinder.

The shelter main cylinder is symmetrically located relative to the LM/
Truck Y and Z axes with the common diametral axes of the cylinders aligned
along the Y axis, the airlock cylinder facing in the -Z direction.

A docking ring and tunnel for accepting the Apollo Command Module is
located at the top center of the main cylinder. Only the airlock end of the
shelter is approximately tangent to the payload envelope,and therefore an

~annular volume extending approximately 290 deg about the main cylinder is
available for equipment storage.

The cryogenics are stored in three tanks aligned side by side along the
+Y periphery of the shelter, the 0, tank centered between the two H, tanks.
All the tanks are cylindrical with hemispherical domes, have a L/D of approx-
imately 2, an outside dia of 38 in., and a nominal wall thickness of about
4 in. The combined mass of the fluids and tankage is about 2200 1b.

Examination of asymmetrically located shelters, with respect to the Truck
Y and Z axes, to allow the use of spherical cryogenic tanks or at least ones
with significantly more favorable length to diameter ratios showed that this
could only be accomplished with significantly smaller useful volume vertical
cylinder shelters.

The fuel cell assemblies (FCA), power conversion and electronic equipments
are grouped together approximately midway between the +Z and +Y axis near the
intersection of the airlock lobe and main cylinder. As in Configuration 3B,
their combined mass is approximately 480 1b based on using two FCA's; the
third FCA is shown to satisfy the requirement that space, but not mass, is
allocated for 3 FCA's.

: 4-20
AIRESEARCH MANUFACTURING DIVISION

Los Angeles, California

T




67-1964-6

Book |
1. SHELTER AIRLOCK 23. SEISMIC DEEP REFRACTION
2. SHELTER 24, PFcA
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Cylinder Outboard Profile
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The LSSM, in a contracted configuration, is located symmetrically relative
to the Z axis on the +Y side of the shelter. It is positioned with the driving
station facing radially .outward and downward such that its longitudinal axis is
at an angle of 10 deg with respect to the LM/Truck XZ plane. As in Configura-
tion 3B, it was assumed that the suspension system was locked-out;and the entire
vehicle was considered a rigid body; its storage mode mass is 1380 Ib.

The environmental control and fuel cell radiators are located in a horizon-
tal plane approximately tangent to the. top of the main cylinder. Since the
cry09en|c tanks do not protrude above the radiator level, as the H, tank does
in Configuration 3B, the folding section of the radiator was replaced by a
permanent section of equivalent area located over the cryogenic tanks.

The radiators have approximately the same combined area and mass as for
Configuration 3B, namely |17 sq ft and 235 1b.

The majority of the scientific equipment designated to be stored external
to the shelter is located on both sides of the LSSM and in a large grouping
adjacent to the rear of the shelter asymmetrically over the +Z axis LM/Truck
beams.

The Seismic Deep Refraction package and the Erosion Sample package, with
a combined mass of 460 1b, are located on the +Y 5|de of the airlock tobe,
forward of the LSSM.

To accommodate the external storage of the 100-ft drill rod extensions,
in this configuration, their minimum allowable length was reduced to 72 in.;
the required total cross-sectional area for storage commensurately increased
to 540 sq in. '

The packages containing the 100-ft drill extensions, surveying markers,
and surveying staff are located aft of the LSSM. These packages have a total
mass of 200 1b.

The 10-ft drill package, because of its 130-in. overall length is located
in a horizontal attitude between the LSSM and the shelter. It is above the
Seismic Deep Refraction package and at an angle to the Z axis to clear the
100-ft drill rod extensions package.

The equipment grouping aft of the shelter over the +Z LM/Truck cruciform
beam has a volume of approximately 60 cu ft and contains approximately 900 1b
of scientific equipment. The locations of this equipment to help maintain the
overall cg envelope required the grouping to be offset six in. from the Z axis
in the Y direction. ‘

The remaining small equipment packages, 2 cu ft and 125 1b, are located
in a box on the LM/Truck -Z, Y face as was done in Configuration 3B.

Auxiliary equipment, such as for unloading the scientific equipment, may
be stored vertically adjacent to either side of the airlock lobe or inside the
shelter.
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Inboard Profiles

The interior of the shelter must satfsfy the following general requirements:

° Ingress/egfess via an alrlock

° Three crewmen on the same work/rest cycle

° Duty statfons for mission operations

] Stowage of equipment such as environmental control unit, food

preparation, crew garments and space suits

In addition to the requirements and constraints noted in Section 3 and
the above paragraph, the following ground rules were applied in the develop-
ment of the inboard profile of Configurations 3B and 4:

® Accommodate 5 to 95 percentile men
®  Minimum 2-man airlock volume of 80 cu ft exclusive of any installed
equipment

] Minimum airlock head room of 75 in. and nominal floor area of
approximately 10 sq ft '

° Airlock door opening approximately 30 by 60 in. or equivalent for
nonrectangular shape '

. Sealing of airlock doors aided by internal pressure in the normal
mode of operation

e  Shelter free floor area with a minimum head room of 75 in. and
aisle width of approximately 44 in. to accommodate .pressure suit
donning and access to the airlock

° Sleeping accommodations consisting of three bunks with minimum
© dimensions of 24 by 75 in. and 24 in. clear height above bunks
to allow full length and 360 deg rotation sleeping

1. Configuration 3B Inboard Profile

The inboard profile for Configuration 3B is shown in Figure 4-8.

The interior of the shelter is functionally divided along its length
into three areas:

Airlock
Work/Living

Sleep-Rest/Radiation Refuge
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Figure 4-8. Configuration 3B Horizontal

Cylinder Inboard Profile
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a. Airlock--The airlock has a volume of approximately 120 cu ft and is
separated from the adjacent work/living area by a flat bulkhead located a
centerline distance of 37 in. from the forward end-dome of the shelter. It
can be used simultaneously by 2 suited men, accommodates the storage of 3
hard suits and contains the waste disposal system. It has approximately
I sq ft of free floor area, 90 percent of which has a headroom of at least
75 i Also, it can accommodate a hammock to prov1de a sleep-rest area
1solated from the rest of the shelter

It has a 30- by 64-in. ihboard door, with semicircular ends, which is
hinged to open into the work/living area and a 42- by 57-in. elliptical over-
board door which slides laterally along the inner face of the’ forward end dome
"to allow maximum utlllzatlon of the airlock volume

b. - Work/Living=-The work/living area is approximately 9-ft long. It
contains the ECS unit, PLSS batteries, six PLSS backpacks and three soft suits
stored along the +Y side; a table area is over the PLSS units. Internally
stored scientific equipment storage shelves, crew equipment cabinets, status

monitoring and communication consoles, and work tables are arranged along the .

-Y side. The arrangement shown provides a rectangular floor area of over

47 sq ft and about 35 sq ft of table surface, of which about /3 is foldable.
Crew chairs or stools can be freely moved about the floor area, and crewmen
seated at work stations do not inhibit passage of another man to the airlock
or sleep-rest areas.

The floor has removable sections which allow access to storage space
beneath the floor level and can have integral tanks for storage of potable
_ water or waste liquids. . ' .

A 32-ih.—dia,1single-lever operated, quick-opening hatch for emergency
use is located in the docking tunnel over the central aisle of the work/living
area. -This hatch also allows for in- fllght manned access to the shelter for
checkout. ,

c. Sleep-Rest/Radiation Refuge--The sleep-rest/radiation refuge area in
its normal arrangement as a sleep area begins at a centerline distance of
approximately 44 -in. forward of the shelter aft end dome and occupies a volume
of about 165 cu ft. It has three bunks which in normal use are tiered and
occupy 80 cu ft. Almost all of this volume can be made available for use as
additional work/living area by pivoting the bunks |nto a vertlcal plane or
-repositioning them vertically on end. : S :

Two 6-cu-ft! lockers, initially containing 166 1b of food and later used
for waste storage, are located at the ends of the bunks.

During staytime the 150 LiOH cartridge, provided for CO, removal in the
backpacks and shelter, are stored in cored polyethylene blankets .behind the
bunks on the inside face of the end dome This arrangement occupies 50 cu ft
and weighs 600 1b. : '
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At launch, the cartridges are located on the shelter floor, as shown in
Figure 4-9, to lower the payload cg and reduce the loading on the end dome
during the high= g phases of launch through landing. :

The normal sleep-rest arrangement of this area is readily convertible
into a radiation refuge suitable for 3 suited crewmen as shown in Figure 4-8.
The LiOH cartridges in polyethylene blankets and the food/waste lockers form
three sides of the refuge. The bunks, which are constructed as compartmented
flat tanks and filled with potable water or waste liquids, and the PLSS units
are used to form the fourth side and roof of the refuge.

Polyethylene water blankets and strips are used where equipment and
supplies do not provide sufficient shielding and to fill interstices between
the equipment and supplies. The details of the protection afforded by this
type of arrangement and the weight penalties associated with it are covered
later in this section.

2.” Confiquration 4 Inboard Profile

The inboard profilé for Confighration 4 is shown in Figdre 4-10.

The interior of this shelter, as in Conflguratlon 3B, also is functlonally
divided into three areas:

Airlock
‘Work/Living
Sleep-Rest/Radiation Refuge

a. Airlock--The airlock has a volume of approximately 120 cu ft and is
separated .from the adjacent work/living area by a flat bulkhead located a
centerline distance of 45 in. from the forward end of the airlock. -The air-

" lock can be used simultaneously by 2 suited men, accommodates the storage of
3 hard suits, contains a waste disposal system, and has a suit checking station
which is mounted on the bulkhead. It has a free floor area of 17 sq ft and
headroom of at least 75 in. over 55 percent of the floor area.

The airlock has a 34- by 60-in. rectangular overboard door which slides
circumferentially along the inner face of the airlock wall to minimize encroach-
ment on the airlock volume, and a 42- by 56-in. elliptical inboard door hinged
to open into the work/living area.

b.  Work/Living--The work/living area is approximately 5 ft long. On
the +Y side it contains the ECS unit mounted on the floor and occupying an
approximately chordal volume which is 28 in. high, has a maximum chord depth
of 18 in. and extends the length of the work/living area. A work table sur-
face, with storage compartments under it, is located on top of the ECS unit.
The ECS unit is located in the +Y side of the shelter to help maintain the
required cg envelope. Internally stored scientific equipment shelves, crew
equipment cabinets, status monitoring consoles, and work tables are arranged
along the -Y side of the shelter. The three soft suits are suspended from the

. roof dome for drying and storage.
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WASTE MANAGEMENT SYSTEM

1. :
2. ECS CONSOLE v :
3. PLSS BACKPACKS (6) .
4. . PORTABLE 0O, SYSTEM -
5. CHAIRS -
€. BUNKS :
7. LyOH PACKAGE (3) (SEE DETAIL D)
8. 1,0H PACKAGE (18) (SEE DETAIL E)
9. 100 FT. DRILL RADIATORS '
10. HARD SUITS (3)
. Yy ;
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L DETAIL D (1/10 SCALE)
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DETAIL C (1/10 SCALE)
LjOH PACKAGE

Figure L-9. Configuratiorn 32 Horizontal Cylinder Profile-~Laurch Arrargement

) Los Angeles, Catifornia |

:
‘

- ’ ' .
m AIRESEARCH MANUFACTURING DIVISION . ) ~‘_29

NP R W




Page Intentionally Left Blank



67-1964~6
Book |

VIEW G-G

VIEW E-E
(ccw 180°)

99

@(ﬂ/gbﬁgca)ﬂ

VIEW B-B
LOOKING OUTBD +Y SIDE

ALTERNATE ARRANGEMENT

S
Ay
//0
]
;
)

@ ®
@
O,
passssssuaen
N
3 S :
. N
)
i -'J/ @3

T~y

o~

a c Xa
e

7
s6) (9 %}a 39)(s7) (£

&

!

b

ﬁg.\'y & I
W

=N A
]
™ (O
e
\ *ﬁ ﬁf?
S |
VIEW A-A

LOOKING OUTBD -Y SIDE

® @O O

48

I.
+7, o
7 @D CD £;>
%)
2/
II.
@ 2
Do
48" G
-Y e
@©O—F
L
ax7 e
=
O q— b.
!D [ -
@
59 ()
RECOMMENDED ARRANGEMENT
VIEW C-C
-2 c.

\

T—

| o | <ot

Low o

B
| AR
»
g
0
0

)

7w 2o

on | so#
Low | Lon |[<on
=l
Ly
(—77773

VIEW B-B
SOLAR FLARES CREW SHIELDING

VIEW D-D

KEY
ATRLOCK

1. Door - External Sliding
2. Door - Internal

3. Window

4. Hard Suit (3)

5. Suit Checking Station
6. Waste Management System

SHELTER
WORK AREA (STATION)

7. Console - Equipment
8. Table - Work

9. Panels & Instruments
10. Radiation Dosimeter
11. Lights - Table (4)

SCIENTIFIC EQUIPMENT AREA

12. T.V. Camera

13. Movie Camera

14, Still Camera

15. Extra Film & Tape

16. Data Handling Interface Equipment
17. Theodolite & Ranging Laser

18. Shelter Geology Equipment

19. Gas Analyzer

EATING AREA

20. Console - Crew Provisions
21. Food Storage

22, Food Preparation

23. Table - Eating & Recreating
2k, Water Probe '
25. Hot Plate

26. Utensils

27. Dispenser

EXERCISE AREA

28. Hand Ergometer (Optional)
29. Bungee Cord (Optional)

RECREATION~-STUDY AREA

30. Recreation Equipment

f.

STORAGE AREA

31. Personal Storage

32. Personal Hygiene Facilities

33. Medical & Emergency Supplies (Station)
34. Housekeeping Provisions Package

35. Laundry

36. Anti-Meteoroid/Thermal Grrments (3)
37. Liquid Cooled Garment (L.C.G.) (3)
38. Constant Wear Garment (C.W.G.) (L8)
39. Eva Boots (3)

40. Eva Gloves (3)

41, Suit Spare Parts & Repair Kits

42, Intravehicle Slippers (3)

43, Tools

SLEEPING & REST AREA

Ly,
L5,
u6.

PLSS

h7.
48,
Lo,
50.
51.
52,

Bunk Beds Removable (3)
Soft Suit (3)
Light-Portable (3)

CHARGING AREA

PLSS (6)

LiOH (150)

PLSS Battery Charger

PLSS Batteries (12)

PLSS Calibration Unit
Emergency Oxygen System (3)

ENVIRONMENT CONTROL AREA

53.
5k,

ECS Package, Fan & Heat Exchanger
Umbilicals (3)

MISCELLANEOUS AREA

55.
56.

57
58.

59.

Seats - Foldable (3)
Helmets (3)

Hatch - Upper

Lights -~ Dome (3)
Pressure Dump Valve (2)

Figure 4-10. Configuration L4 Vertical
Cylinder 1Inboard Profile
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The work/living area equipment arrangement shown provides an unobstructed
approximately rectangular floor area of about 25 sq ft and about 23 sq ft of
work table surface, of which about 40 percent is foldable. Crewmen seated at
work stations do not inhibit passage of another man to- the airlock or sleep-
rest areas. :

“As in Configuration 3B, a 32-in.=-/dia,single-lever operated; quick-.
opening hatch for emergency use is located in the docking tunnel in the
center of the roof dome. This hatch also allows for in-flight manned access
to the shelter for checkout purposes.

3. Sleep-Rest/Radiation Refuge

The sleep-rest/radiation refuge area occupies the aft section of the
shelter in the form of a chordal volume occupying approximately 250 cu ft
which extends from the floor to the roof dome, has a maximum chord depth
of 44 in. and chord length of 114 in. It has three bunks which in normal
use are tiered and aligned along a chord parallel to the Y axis. As in
Conflguratlon 3B, the bunks can be pivoted or repositioned vertically on
end to make the 80 ct ft they normally occupy available for use-as addi-
tional work/living space.

A locker, initially containing 166 1b of food and later used for waste
storage, 6 PLSS units, and PLSS batteries are located at the ends of the bunks.

During stay time the 150 LiOH cartridges, provided for C0, removal in the
backpacks and shelter, are stored in cored polyethylene blankets behind the
bunks on the inside face of the shelter pressure wall. ‘Although Figure 4-10
shows all the cartridges uniformally distributed in two layers for use as
radiation protection, which is discussed later; the cartridges on both ver-
tical ends of the blanket can be relocated to form 3 layers in the middle
section of the blanket and thereby eliminate the contouring of the bunk
corners.

At launch, the cartridges are located on the floor, similarly as shown
for Configuration 3B, to lower the cg and reduce the loadnng on the shelter
wall durlng the high--g phases of launch through landing.’

The normal sleep-rest arrangement for this shelter configuration is also
readily convertible into a radiation refuge in the same way as used for
Configuration 3B. The LiOH cartridges in polyethylene blankets and the PLSS
units form three sides of the refuge, and water filled compartmented bunks
form the fourth side and a partial roof for the refuge. Polyethylene water
blankets and strips are used to complete the roof, fill openings between

equipment and supplement low density areas of the PLSS units and bunk
interfaces.

The enclosed volume accommodates 3 suited crewmen as shown in Figure 4-10.
The protection provided by this type .of arrangement and the attendent welght
penalties are similar to those of Configuration 3B which are covered later in
this section.
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" Structural Arrangements

_ The structural criteria and loads which were used in the developmenf of
the structural arrangements of the shelters and outboard equipment supports
are described in Section 4, "Structural Criteria and Loads."

To take advantage of the load carrying capabilities -of the LM/Truck
cruciform beams for supporting outboard equipment and also have the supporting
structures of the outboard equipment amenable to shelter deployment (e.g.
leveling of the shelter, orienting it azimuthally or unloading it to the lunar
surface), the following ground rules were applied to the development of the
structural arrangements: '

° For equipment located directly over or in close proximity to the
" LM/Truck beams, the supporting structures to carry the flight and
landing loads will be connected directly to the LM/Truck cruciform
beams.

o ® The shelter structure may be used to react Y and Z axis flight and
landing loads on equipment since it can provide this capability for
only a small weight increment for the fittings.

) Under postlanding load conditions, the shelter structure will be
capable of supporting all externally located equipment and con-
sumables which are directly related to shelter operation and
connected to it by electrical or fluid lines.

° The supporting structures for the above equipment will have elements
to provide the connections to the shelter and provisions for dis-
connecting the structural ties to the Truck beams.

. Confiquration 3B Structural Arrangements

The shelter structural arrangement for Configuration 3B is shown in
Figure 4-11,

The pressure shell consists of a stiffened thin skin cylindrical shell
97 in. in dia by 162 in. long with 7-ft radius spherical sector end domes;
the resulting overall length is 16 ft.

A 35-in.~dia docking ring and tunnel are symmetrically located above the
center of the cylindrical shell. The ring is structurally supported by four
trusses which are connected to the stiffened shell at the intersections of two
upper longerons and the two main frames.

Internally, the shelter has an aluminum honeycomb flat bulkhead located
37 in. from the forward end dome, separating the airlock from the work/living
area. An aluminum honeycomb non-pressurized floor, located at a chord height
of 12 in., extends throughout the shelter.
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The shelter structure is connected to the LM/Truck by four fittings tying
the intersections of the two main frames and lower longerons to the upper caps
of the four main beams at their intersection forming the cruciform. = -

" . -t

‘a. Stiffened Cylindrical Shell--Two methods of providing the structural

connection.of frames and longerons to the cylindrical shell are illustrated

in Figure 4-11, the stringer-skin and the machined-skin. ~“The stringer-skin. B
‘me thod utilizas‘circﬁmferential and longitudinal stiffening elements which \-i,
are welded or riveted to preformed thin sheet Skins to produce the shear

panels. The required built-up main~frames and longerons are, in turn, welded

or mechanically fastened to the elements which form the boundaries of the

shear panels.

In the machined-skin method, the circumferential and longitudinal stiffen-
ing elements are integral with the .skin as a result of milling-out the shear
panels from a_plate and therefore do not requnre penetrations of the thin sheet <:§;———~
skins or cause changes in its properties.” The machined peripheral stiffeners
are nominally about 0.10 in. thick and 0.75 in. high to accommodate welding or
mechanically fastening built-up longerons and frames. :

The general arrangement of the stiffened cylindrical shell is the same
for both of the above methods of providing structural connections to the shell;
a discussion of the various stiffened skin approaches which were considered is
‘given later in Section 4. -

The nominal thickness of the skin is 0.030 in._for both of the above
methods of providing structural connectlons to the skin. ‘It i's based on the
backup sheet requirements for micrometecroid protection and is more than suf-
ficient for the hoop tension caused by the 11.6 psi burst pressure requirement.
To accommodate local discontinuities where frames, bulkhead, and end domes.are
J0|ned to the skin, its thickness is increased to about 0.065 in. to 0.090 in.,
as required by the joining member, for about 2 in. on "each side of the dis-
continuity.  In most cases this "land', or thicker portion of the shell, also
serves as the |nner cap of the I or box beam cross-section of the structural
frames. :

The cylindrical shell acts as the prime shear carrying member for inertial
loading. The shear panels are approximately 10 to 12 in. wide by 27 in. long.
The circumferential and longitudinal stiffening elements extending radially
outward around the shear panels also provide the locations for fastening the
standoffs which are used for supporting the micrometeoroid bumper panels.

Eight main longerons are spaced at approximately 45 deg intervals about
the periphery of the cylindrical shell. These longerons plus the effective
skin in tension represent the beam bending strength of the stiffened shell
for inertial loads. The nominal individual longeron area required is O0.[14"
sq in. which is increased to about 0.18 sq in. where major loads are reacted
such as at the docking ring truss connections, cryogenic tank supports and.
where the shelter is connected to the.cruciform beams.
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The stiffened shell has two external main frames which, in conjunction
with the longerons, carry the loads- from.the docking ring, .external equipment
such as the cryogenic tanks and LSSM, and the shelter to.the LM/Truck: They
are 54 in. apart and symmetrically located to match the vertical edge members
of the.LM/Truck cruciform beams. The two main frames are built up externally
and.may have either an I or box cross-section 6 in. deep with a section modulus
of 3 cu.in. as shown in Sections D-D or E-E of Figure 4-11.

Internally, there are three 1-i ght convenience frames. to carry the vertncal
and radial inertia loads on wall mounted internal equipment. Two of the conven-
ience frames are coplanar and built off the main frames; the third is located 27
in. aft of the rear main-frame is therefore midway between the main frame and
the end dome compression ring. It may be welded or bonded to the skin.

Internally located longitudinal stlffeners, which are bonded to the skin,
are used to carry the relatlvely minor longltudlnal loads from equipments which
are ]ocated ‘too high above _the floor for effncnent attachment to it. -

b. End Domes and Alrlock Bulkhead—-The micrometeoroid protectlon backup
sheet thickness of 0.030 in. is sufficient for-the ténsion loaded membrane
skins of the end domes. A compression ring as shown in Section C-C of Figure
4-11 is used at the dome/cyllnder intersection.

The forward end dome has a 42 by 57 in. elliptical opening for the airlock
door. It is horizontally offset from the center of the bulkhead by 16 in.
This- large asymmetrlcally located opening has a framing ring to resist the
membrane tension loads in hoop tension. A framing ring which also provides
the surface for supporting the seal for the airlock door is shown in Section
A-A of Flgure 4-11.

- External stiffeners, welded or bonded to the skins of both end domes,
provide the locations for fastening the standoffs which are used for supporting
the micrometeoroid bumper panels.

The inboard bulkhead, located 37 in. from the forward end-dome, has a

30 by 64 in. cutout with semicircular ends which is horizontally offset from
the center of the bulkhead by 8 in. It is constructed of flat honeycomb )
aluminum approximately 6 in. deep with a.3 to 4 lb/cu ft core and tapered face
sheets which have a maximum thickness of 0.040 in. The bulkhead is attached
to the cylindrical skin by means of a peripheral edge angle welded or mechani-
cally fastened to a land on the skin; in the -latter case a sealant is used to
provide pressure integrity.

c. Shelter Floor--The shelter floor, in addition to being a convenience
_ floor for the crew, also reacts the loads from consoles and equipment- located
on the floor during flight and landing as well as during stay time. The floor
consists of flat honeycomb aluminum panels approximately 2 in. deep with 2 1b/
cu ft cores and face sheets 0.020 in. thick. The panels are approximately 5 ft
wide and have lengths to match the spacings between the frames, bulkhead and
end-dome compression rings. The panels are supported by and mechanically
fastened to the frames, end-dome compression rings,airlock bulkhead, and to
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shear ties attached to the cylindrical shell. The floor panels have removable
sections to allow rapid access to the space beneath the floor level; also,
they can have integral tanks below the lower face for storage of potable water
or waste liquids.

d. Docking Ring and Tunnel--To accommodate the docking tunnel and in-
flight hatch a thickened skin, increasing from 0.030 in. to approximately
0,090 in. over a radial distance of about 5 in., is used in addition to an edge
member which provides the sealing surface. The tunnel section may be welded
or mechanically fastened to the cylindrical shell skin outboard of the hatch
sealing surface edge member. If mechanically fastened, sealant would be used
to provide the pressure integrity for the docked checkout phase of the flight.

The docking ring is supported by four trusses made from 3 in. dia by
0.063 in. wall thickness aluminum tubing. The trusses are connected to the
docking ring at 4 equidistant places about its periphery and to the stiffened
cylindrical- shell at the intersections of the two main frames and two of the
upper main longerons which are located approximately 45 deg on either side of
the vertical centerline.

The outboard equipment structural arrangement for Configuration 3B is
shown in Figure 4-12.

As previously considered, the outboard equipment consists of two groupings:

e Equipment and consumables which are directly related to shelter
operation such as the cryogenic tankage and fuel cell assemblies

e Equipment related to extra-sheiter activities, namely, the scientific
equipment packages and the LSSM

e. Cryogenic Tanks--It was assumed that each cryogenic tank would have
three thermally isolated points of support located at 90 deg intervals on a
" common circle; the two ponnts 180 deg apart would have torque restraint
provisions.

As shown in Figure 4-12, each tank is supported on diametrically opposite
sides by tubular trusses and by a tubular link oriented at 90 deg to the
approximately parallel planes of the trusses. A common member in each truss
is used to carry the X direction flight and landing loads from both tanks to
the LM/Truck cruciform beams at +27 Z, - 75 Y. This member is 2 in. dia alumi-
num tube with an 0.065 in. wall thickness. The Y direction loads on each tank
are carried separately by the truss members which are connected tangentially
to the two main frames of the shelter structure.

The Z direction loads on each tank are carried from the center support
point on the tank to the shelter structure by a horizontal tubular link which
is parallel to the shelter longitudinal axis and differentially by the trusses
to the cruciform beams.
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DOCKING RING SUPPORT TRUSS
3"0D x .063" WALL TUBES
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2 x .065 AL ALLOY
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Figure 4-12. Configuration 3B Horizontal

Cylinder Outboard Equipment Structural
Arrangement
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For post landing support of X direction loads independently of the
LM/Truck, a member of each truss carries the X direction loads on both tanks
from the common truss connection at the 0, tank trunnion to a tangential
fitting on each main frame. :

Except for the above cited dimensions of the truss member connected to
the LM/Truck beam, all other truss members and the Z direction horizontal links
are 1-3/4 in. dia aluminum tubes with an 0.035 in. wall thickness. A}l truss
connections to the shelter have fiberglass interfaces for thermal isolation.

f. Fuel Cell Assemblies, Power Conversion and Electronic Equipments--
Since in the outboard profile the consideration of a third fuel cell assembly
was primarily to show that it could be accommodated, for the structural arrange-
ment the power conversion and the electronic equipments were reoriented 90 deg
in the Y Z plane to position the cg of the combined mass in closer proximity
to the LM/Truck cruciform beam.

A common structural frame is used to contain the two fuel cell assemblies,
FCA collector tank, power conversion and electronic equipments. The fower mem-
ber of the frame face in close proximity to the cryogenic tanks is connected
by fittings to the LM/Truck cruciform beams. The vertical corner members of
the frame face adjacent to the shelter structure are connected to the middle
longeron, the aft main frame and the aft convenience frame of the shelter
structure. The prelanded X direction loads are carried by the cruciform beam
and the convenience frame, the Y direction loads differentially by the cruci-
form beam, and the Z direction loads by the longeron and cruciform beam.

For post landing loads, without the connections to the truck; the two
shelter frames and middle longeron react all the loads from the equipment con-
tainer/frame. :

g. Thermal Control Radiators--The inboard and outboard edges of each
radiator are connected by fittings to the upper longeron where it intersects
the two main frames and each of the end-dome compression rings. These four
fittings carry the Y and Z direction loads and part of the X direction loads.
The remainder of the X direction loads are carried by a series of aluminum
struts, 0.75 in. in dia with a wall thickness of 0.028 in., from radiator
- hardpoints to connections at the main frames and end-dome compression rings.

h.” Scientific Equipment--Considering the number of individual packages
and the variety of sizes, shapes, and masses, it was assumed that the clusters
of equipment as shown in the outboard profile, Figure 4-6, would be housed in
structural container/frames, minimizing the number of individual connections
to the shelter and LM/Truck and facilitating the application of dynamic mounts
for the individual items. : : o

The structural connection of the scientific equipment container/frames to
the LM/Truck and shelter would be as previously described for the fuel cell
assemblies, etc., with the probable exception of complete support by the
shelter for post landing loads, which is necessary only to allow various forms
of shelter deployment.
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Equipment container/frames which are not located directly over or in close
proximity to the LM/Truck beams, such as on both sides of the LSSM, utilize
shear webs connected to the end dome.compression rings and convenience frame,
or airlock bulkhead edge member, to react all vertical loads.

i. LSSM--The storage configuration of the LSSM was considered as a rigid
structural unit capable of carrying its own loads between tie down points and
having a self-contained force system to deflect the wheels. It was assumed
that fittings could be attached to the LSSM to provide two sets of tie~downs,
the tie-downs of each set being 54 in. apart to match the spacing of the shelter
main frames and the LM/Truck beams.

The LSSM is supported at the forward end of the chassis by two fittings
mounted directly to the LM/Truck beams at *27 Z, #8! Y and at the aft end by
two links from the main chassis, near the center wheel support, to the two -
main frames of the shelter structure. The two fitting connections to the LM/
Truck beams carry all the LSSM loads in the X and Z directions. The Y direc-
tion loads are carried by the forward end fittings to the LM/Truck and the
upper links, which are 1/2 in. dia aluminum tubing with an 0.035 in. wall
thickness.

2. Configuration 4 Structural Arrangements

The shelter structural arrangement for Configuration 4 is shown in :
Figure 4-13. The pressure shell consists of two parallel, 74-in.-high, inter- g
secting, stiffened thin skin cylindrical shells with spherical sector roof '
domes and an aluminum flat honeycomb floor. The main cylindrical shell has a
58.5-in. radius and its roof dome has a 108-in. radius. It intersects the
airlock cylindrical shell, which has a 36-in. radius and a roof dome radius of
97.7 in., along a common chord 68 in. wide.

A 35 in. dia docking ring and tunnel are symmetrically located above the
center of the main cylindrical shell; the ring is structurally supported by
- four trusses which are connected to the intersection of the.four inverted=U
shaped main frames used to carry docking and shelter loads to the LM/Truck.

Internally, the shelter has a aluminum honeycomb flat bulkhead located at
the chord of intersection, which is 47 in. forward of the center of the main
shell, separating the airlock from the work/living area. -

The shelter structure is connected to the LM/Truck by eight fittings tying
the lower ends of the four main frames to the four beams forming the cruciform.

a. Stiffened Cylindrical Shells--The methods of providing cifcumferential
and longitudinal stiffening elements to produce shear panels are the same as
for Configuration 3B.

Also the nominal 0.030 .in. skin thickness, required for the micrometeoroid
backup sheet, is more than sufficient for the 11.6 psi burst pressure require-
ment; and as for Configuration 3B, local discontinuities where structural mem-
‘bers are joined to the skin are accommodated by increasing the skin thickness
to about 0.065 to 0.090 in. for approximately 2 in. on each side of the
discontinuity.
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The shear panels for this configuration are approximately 12 in. wide by
32 in. high and, except at six locations where the main frames join the stif-.
fened skin, have radially outward extending vertical and horizontal'stiffening
elements of approximately 0.1 sq in. cross-sectional area.’ These stiffeners
also provide the locations for fastening the standoffs which-are used for
supporting the micrometeoroid bumper panels.

The main cylindrical shell has four inverted-U main frames, located
internally, to carry the loads from the docking ring, external equipment, and
shelter to the LM/Truck.” They are symmetrically located with respect to the
centerline of the main cyllndrlcal shell and are arranged as orthogonal pairs:
of frames, the frames of each pair are 54 in. apart to match the LM cruciform
beam edge-member spacing. The frames have an I cross-section with a maximum
depth of 6 in. and 3-in.-wide flanges which are approximately 0.12 in. thick.
The depth of the I section for the vertical legs of the frames tapers from the
maximum of 6 in. at the top to approximately 3 in. at the fittings which attach
the shelter to the truck beams. The outer flanges of the frames are locally
thickened areas of the main cyllndrlcal shell “and roof dome; the use of the
cylindrical shell skin as a flange is shown in Section B-B of Figure 4-13.

Eight longerons arranged coincident with the vertical legs of the four
main frames would provide the beam strength to the stiffened main cylindrical
shell for inertial loads. The nominal individual longeron area required is
approximately 0.15 sq in. The section properties of the vertical legs of the

- frames as described above also satisfies these requirements.

The internal location of the eight legs of the four frames allows their

.direct use for carrying the vertical' and radial ‘inertial loads on wall mounted

N

s internal equipment and consoles. Internally located intercostal horizontal

stiffeners attached to the skin are used to carry the relatively minor tangen-

_tial loads from equipments which are too hlgh above the floor for efficient

attachment to it.

The airlock cylindrical shell has a 34- by 60-in.'rectqngﬁlar opening for
the airlock door; it is symmetrically located with respect to the intersection

‘with the main cylindrical shell. The reinforcing edge-members consist of two- -

vertical posts, a lintel, and ‘a coaming, supported directly from the honeycomb
pressure floor. The vertical posts carry the bending and torsion loads .from
the pressurized door reactions and hoop tension in the cylindrical shell. As -
shown in Section C-C of Figure 4~13 they are triangular tubes with 0.[2-in.~
thick sidewalls which are approximately 4 in., 6 in., and 7 in. wide. The
loads in the posts are reacted by the floor and two internal I-beams, having
flanges integral with the roof dome skin, connected to two of the main cylrnder
frames. The lintel over the opening is a 6--by 3-in. boxbeam with 0.12 in.
thick walls ‘which acts as a balcony beam and transfers the roof dome membrane
loads across the top of the opening to the vertical posts. The coaming is
similar in size to the lintel but of lighter wall thickness. o

b.  Roof Domes and Airlock Bulkhead--The micrometeorid protection backup
sheet thickness of 0.030 in. is sufficient for the tension loaded membrane
skins of both roof domes. A compression ring, as shown in Section A-A of
Figure 4-13, is used at the dome/cylinde: intersection of the main cylindrical
shell; a similar arrangement is used for the airlock cylindrical shell and
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roof dome. At their chordal intersection, the roof domes are welded to a com-
mon reinforcing. element -which also is used to support the upper edge of the
internal airlock bulkhead as shown in Section K-K of Figure 4-13. As for the
end domes in Configuration 3B, external stiffeners attached to the skins of
both roof domes provide the locations for fastening the standoffs for the
micrometeoroid bumper.

The inboard bulkhead, located in the plane of the intersection of the two
cylindrical shells, has a symmetrically located 42< by 57-in. elliptical
openlng for the airlock door. It is aluminum flat honeycomb approximately
4 in. deep with a 3 to 4 1b/cu ft core and tapered face sheets which have a
maximum thickness of 0.060 in. The forward vertical legs of the Z direction
main frames are connected to the bulkhead and thereby help minimize the deflec-
tion of the edge reinforcing ring around the opening. The bulkhead is attached
to the cylindrical shells at their intersections with a common reinforcing
element similar to that used at the roof dome intersection. The connection
between the bulkhead and the pressure floor is provided by a single line attach-
ment of the bulkhead edge member to an I-beam integral with the floor. There-
fore, no bending moments due to deflection of the bulkhead are transferred to
the floor.” The arrangement of this lower edge connection is shown in Section
K-K of Figure 4-13.

c. Shelter Floor--The pressure retaining floor is an aluminum flat
honeycomb 3 in. deep with @ 3 to 4 lb'cu ft core and tapered face sheets which
have a maximum thickness of 0.050 in. As shown in Section A-A of Figure 4-13,
an edge member is used to provide continuous structural connection between
cylindrical shells and the floor. An integral I-beam accommodates the pressure
tight structural connection of the airlock bulkhead to the floor. :

d. Docking Ring and Tunnei--The docking tunnel connection to the main
_cylinder roof dome and accommodation of an in-flight access hatch is similar
to that described for Configuration 3B. -

The docking ring for this configuration is supported by four trusses made
from 2-1/2-in.-dia by 0.063-in.-wall-thickness aluminum tubing. The trusses are
connected to the docking ring at four equidistant places about its periphery and
to the stiffened main cylindrical shell at the four intersections of the main
frames as shown in detail G of Figure 4-13. A fiberglass fitting is used at
the shelter end of each truss member to provide thermal isolation between the
docking ring and shelter.

The method used to transfer the loads from the eight legs of the main
frames through the floor to the LM/Truck tie-down fittings is shown in details
E and J of Figure 4-13. The legs of the frames terminate slightly above the
inner face sheet of the floor. At each leg location, the floor contains a
fitting which has a tonque that protrudes through the inner face sheet of the
floor to allow a mechanical connection to the frame leg. Pressure integrity
of the floor is maintained by a sealing weld around the tongue where it passes
through the face sheet. Each. tiedown fitting is attached to the fitting
integral with the floor by bolts which pass through the lower face sheet.
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The outboard equipment structural arrangement for Configuration 4 is shown
in Figure 4-14. As in Configuration 3B, the equipment consists of two main
groupings, one related to shelter operation and the other to extra-shelter
activities.

e. Cryogenic Tanks--It was assumed that each.cylindrical cryogenic tank
would have end cones with support points at each apex; the upper support point
would have torque restraint provisions. As shown in Figure 4-14, the X direc-
tion flight and landing loads on the forward H, tank and the 0, tank are
carried by fittings connecting their lower support points to the LM Truck
cruciform beam. Two 0.020-in.-thick shear webs connecting the cylindrical
section of the aft H; tank to two legs of the shelter main frames carry all
the X direction loads on that tank. The Y and Z direction loads on the forward
H, tank and the 0, tank are carried by a common truss between the tops of al)
the tanks and the shelter structure and by the fittings, under the tanks, to
the LM/Truck cruciform beam. The Y and Z direction loads on the aft tank are
carried by the upper common truss and a truss connecting the lower support
point to the shelter floor at two frame leg locations.

For post-landing support of the X direction loads on the forward H, tank
and on the 0, tank independently of the LM/Truck, a separate compression strut’
for each tank carries the loads from a fitting at the cone periphery/tank
interface to the edge member of the honeycomb floor. A lower. truss, with the

" same configuration as the upper truss, provides the Y and Z direction support
of these ‘tanks |ndependent|y of the truck.

The truss members carrynng the flight and landing loads on the 0, tank
are |~1/2-in.~-dia aluminum tubes with an 0.030-in. wall thickness; all other
truss members are 3/4-in.-dia aluminum tubes with an 0.030-in. wall thickness.

“All truss and shear web connections to the shelter are thermally isolated from
it

f. Fuel Cell Assemblies, Power Conversion and Electronic Equipments--
As in Configuration 38, a common structural frame is used tq contain two fuel
assemblies, FCA collector tank, power conversion, and electronic equipments.
All the ioads on the container/frame are transferred to the shelter by hori-
zontal and vertical shear webs. The vertical webs are connected to the ver-
t leg of the forward transverse main frame and to the reinforcing element
af?%he common intersection of the cylindrical shells and ther internal bulk-
head. The horizontal webs are connected to the floor edge member and the roof
dome/cylindrical shell compression ring; the frame extends above the equipment
contained in it to allow the latter connection.

._.

. g. Thermal Control Radiators--The lateral loads on the radiators are
carried by four fittings connecting their inner edges to the intersections of
the four main frames at the roof dome. The vertical loads are carried by the
four fittings carrying the lateral loads and six struts connecting the outer
periphery of the radiators to four main frame legs and to the two vertical
door posts of the overboard airlock door opening. The struts are 0.75 in.
aluminum tubes with a wall thickness of 0.028 in. '

h. Scientific Equipment--As in Configuration 3B, the scientific equipment
is housed in structural container/frames. :
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The grouping of scientific equipment forward of the LSSM is supported in
a manner similar to that used for supporting the fuel cell assemblies, etc.
The vertical shear webs are connected to the vertical stiffening member of the
skin shear panel and the reinforcing element at the common intersection of the
cylindrical shells and airlock bulkhead. The horizontal shear webs are con-
nected to the floor edge member and the horizontal intercostal located at the
mid height of the airlock stiffened skin. :

The equipment grouping aft of the LSSM is supported in a manner similar
to that used for the above grouping.

The container/frame of equipment located aft of the shelter is connected
to the cruciform beams by .two fittings and to the two aft legs of the Z direc-
tion main frames, near the dome compression ring, by two struts. The truck
beams carry the X and Y loads; they Y direction loads are reacted differen-
tially. The Z direction loads are carrued by the truck fittings and the two
fittings to the frame legs.

i. LSSM--The same assumptions for the LSSM in the storage mode for
Conflguratlon 3B were applied in this configuration.

The LSSM is supported at the forward end of the chassis by two fittings
mounted directly to the LM/Truck beams at *27Z, *81Y and at the aft end by two
fittings from the LSSM main chassis to the intersections of the dome/shell com-
pression ring and the vertical legs of the transverse main frames. The two
fittings connections to the LM/Truck beams carry all the LSSM loads in the X
and Z directions. The Y direction loads are carried by the forward end fittings
to the truck and the main chassis fittings to the compressnng rlng/leg
intersections. 4

Mass Summaries

The mass summaries .for Configurations 3B and 4 are shown in Table 4-3.
To provide a broader base for comparing the two configurations, the summaries
include the structural and protection provisions directly related to shelter
configuration and overall payload arrangement such as outboard equipment sup-
ports and micrometeoroid protection provisions.

The following paragraphs discuss or describe the considerations pertinent
to the masses shown in the table.

The weights of the shelter structure are for the machined skin method of
providing a stiffened aluminum (22!9 T87) skin.

As discussed previously in th|s section, shelter internal equipment and
supplies provide the majority of the required shielding for a radiation refuge.
Since the equipment and supplies are.the same for both configurations and the
resulting refuge configurations are also approximately the same, the additional
shielding required is the same. Early in the study, it appeared that 400 1b
of aqueous liquids would be on board; the 170 1b shown in the table is for
polyethylene and additional water.
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TABLE 4-3

MASS SUMMARIES CONFIGURATIONS 3B & 4

¥
' Configuration 3B - Horizontal Cylinder | Configuration 4 - Vertical Cylinder
Equipment KG (LBM) KG (LBM) KG (LBM) KG (LBM)

Shelter Structure 372 (820) 420.0 (926)

Pressure Skin and Hands 88.5 (195) ' 59 (130)

Stringers and Longerons 18.2 (40) 27.2 (60)

Frames 47.6 (105) 56. 7 (125)

Airlock Inner Bulkhead, Door and Mechanism 65. 8 (145) 68. 1 (150)

Overboard Door and Mechanism Penalty 25.0 (55) 22.7 (50)

Floor and Supports 43,1 (95) 113.4  (250)

Docking Structure and Hatch 38.6 (85) 36.3 (80)

Viewing Ports 27.3 (60) 27.2 (60)

Fittings 18,2 (40) 9.5 (21)
Meteoroid érotection {Exclusive of backup sheet) 61.2 (135) 52.2 (115)

Bumper Panel 36.3 (80) 29.5 (65)

Standoffs 4.5 (10) 4.5 (10)

Foam 20. 4 (45) 18.2 (40)
Thermal Insulation (30 sheets SI) 11.3  (25) 10.9 (24)
External Equipment Supports - 122.5 (270) 106. 8 (235)
Internal Equipment Supports 100.0 (220) 100, 0 (220)
Radiation Refuge Additional Provisions 7.1 (170) 1.0 (1‘7(_))
Equipment Unloading, Crew Access 43,1 (95) 43,1 (95)

Total 788 . (1735) - 810 (1785)

3009
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The weights for the internal structural provisions were assumed to Be the
same for both configurations and were estlmated based on reviews of previous
studies, LM, and AAP studles ' :

The thermal protection weight was based on the AiResearch specified’
requirement of /2 in.~30 sheets of super insulation covering the total. exter-
nal .surface: area of 'the shelter. The micrometeoroid protection weights shown
are in addition to the backup sheet requirements.. For Configuration 3B, the |
total surface area of the shelter minus the area protected by the LM/Truck
(Tunar surface) was considered as requiring protection. For Configuration 4,
the total surface area of the shelter minus ‘the flat floor area was considered
as requiring protection. For both configurations, the reduction of exposed

area due to the protection afforded by the external equipment was not considered;

the effective shadow areas are dependent on the 'as landed' position, some of
the equipment would be removed at the beginning of staytime and it was con-
sidered that the foam would still be retained in the shadowed areéas to provide
a smooth surface for the superinsulation. Similarly the bumper would protect
the insulation during equipment un]oading or crew inspection of the shelter.
The potential weight saving by not using the bumper in the shadowed areas is
comparat:vely small.

The unloadlng, handling provisions. and walkways are for the depleyment of
the LSSM, scientific equipment, and crew access between the truck mounted
shelter and the lunar surface.

'Recommended Configuration -

The Horizontal Cylinder 3B was selected as the recommended conflguratlon
based on -the following considerations: .

i Greater volume at a lower weight

i Form factor, i.e., length to diameter ratio, allows more favorable
arrangement of equipment and duty stations from crew habltablllty
viewpoints - ,

® ' .Structural arrangement easily accommodates changeé'in vo lume goal,
~ with minimum redesign, by simple changes in length of horizontal
cyllndrlcal shell

L More readily adaptable to derivative modes such as addltlon of
.mobility systems

L Alternative large experiment payloads, e.g., optical astronomy
package, more easily accommodated by the chordal volume rather than
annular volume between the side of the shelter and the payload
envelope -

° Simpler to fabricate
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STRUCTURAL CRITERIA AND LOADS

A review of the structural criteria used on the AAP shelter program wuth
those given in the study guidelines (Reference |) shows that there are some
differences in design levels which do not appear to have a significant impact
on the .structural design for this study. It is estimated that these differ-
ences will not vary the structural member sizes by more than a few percent in
material thickness and, hence, the estimated weight. In view of the above,
and in order to make the results of this study more .readily comparable with
those of the AAP shelter program, the ELS desngn study used. the structural
crlterla and loads of the AAP shelter.

Design Loads Criteria

l. Design Factors

At mission levels times the ultimate factor of safety there shall be no
failure of structural members. The ultimate factor shall not be less than
1.5 applied to mission levels.

Pressure vessels shall be designed to a burst pressure which is equal to
twice the maximum pressure. For purposes of this design the cabin structure
will be designed using the above criteria.

The design limit factor for the vtbratlon conditions is 1.3 applced to
the g and double amplitude and (1.3)2 applied to random vibrations (g per cps)
for fatigue critical structure.

For strength-critical structures, the factor is 1.5 applied to g and DA

and (I. 5)2 applied to random vibrations (g per cps).
X

‘Mission Level Loads and Accelerations

I. Launch and Boost Conditions

Launch and Boost C-$ X y 7
Acceleration (2) - g - |Rad/sec? g Rad/sec2 g Rad/sec?
List off condition +1.60 -- +0.65 | -- £0.65 --
Maximum q ¢ondition +2.07 '-— *£0.30 -- +0.30 ==
(s-1c) _ -

Boost condition (s-1C) - | +4.90 "--.“‘ +0..10 -- +0.10 -
Cut off condition (s-1¢) | =1.70 | == |zo.10| == |so.10]| -
Engine hardover (S-11) +2.15 - +0.40 -- . - --
Engine hardover (S-11) +2.15 -- 1 -- -- | *0.40 -
Earth orbit 0 0 0 0 0. 0
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Vibration

The mission vibration env:ronment is represented by the fo]lowcng random
and sinusoidal envelopes considered separately:

INPUT .TO EQUIPMENT-SUPPORTS

From Exterior Primary Structure

10 to 23 cps R 12 /octave rlse to 0.0148 ;;)cps
23 to 80 cps |
80 to 105 cps | ._ 12 db/octave rise to 0.044 g2/cps
105 to 950 cps _ | |
950 to 1250 cps o 12 db/octave'decrease to 0.048 gz/cps'
1250 to 2060 cps I
Sinusoidal | | o
5 to 18.5 cps £ 0.154 in DAT *lmo°f
18.5 to 100 cps 2.69 g peak ‘0 /!
From Interior Primary Strecture v q
Randon
10 to 23 cps 12 db/octave rise to O.QIAQ g”/cps
23 to 80 cps
80 to 100 cps _ 12 db/octave rise to 0.0355 g*/cps
100 to 1000 cps
1000 to 1200 cps 12 db/octave decrease to 0.0148 g*/cps

1200 to 2000 cps
Sinusoidal
5 to 16 cps 0.154 in DA

16 to 100 cps 1.92 g peak-
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For design purposes the above random spectrum applied for 5 min along each of
the three mutually perpendicular axes X, Y, and Z when applied in addition to
the corresponding sinusoidal spectrum acting for 5 sec :at.the natural frequency
of the equipment being designed will adequately represent the environment.

During the launch and boost phase of flight, the LM is exposed to random
vibration of varied levels and spectra for |7 min. During all but approximately
2.5 min of this period, the intensity of the random vibration is of such low
level that it is considered to be of negligible design significance. In addi-
tion, the launch and boost environment is considered to include peak vibration
levels which are represented by the above sinusoidal vibration envelopes. The
number of sinusoidal peaks for-design can be considered to be one percent of
the natural frequency of the equipment being designed times the number of sec-
onds of exposure. For design purposes, the above random spectrum applied for
5 min along each of the three mutually perpendicular axes X, Y, and Z, when
applied in addition to the above sinusoidal vibration for 300 sec exposure
time, will adequately represent the vibration environment.

- Vibration levels may be lower at specific equipment locations due to the
reaction of equipment on primary structure. Therefore, a rationally demon-
strated reduction in those levels may be used for LM equipment design and test.

Launch and Boost C=5

Acoustics: €5 at Maximuh

(sound pressure levels in db . , Octave Band, . q Level,

external to LM) (re 0.002 dynes/cm?) cps db

| 9 to 18.8 136

18.8 to 37.5 142
37.5 to 75 146
75 to 150 143
150 to 300 ' 139
300 to 600 i3S
600 to 1200 130
1200 to 2400 125
2400 to 4800 19
4800 to 9600 13

Overall 150
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X Y : Y4

Acceleration g Rad/sec? g Rad/sec? g Rad/sec?

SM prop system | -0.36 Cee | x0.062 | %1.99 £0.062 | +1.99
operating : : ’

SM prop system 0 0 0 0 ' 0 -0
not operating o ' -

_Shock

Condition -0.052 - +0.065 +0. 10 +0.065 +0. 10
transposition ‘ ‘ <

Vibration

SM prop system ' N 0O N E =
operating ' ‘

Plume Effects : ~ : Due to engines | o .
Due to RCS [ to be supplied

In addition to the loads resulting from the above accelerations, the
primary structure is subjected to the forces resulting from docking maneuvers
- and the mid-course correction maneuver during translunar flight. Most of the
primary structure is designed for the mid-course maneuver condition with the
loads applied to the docking collar at station 317. For the local docking
structure the critical condition is axial load = 14,900 1b, moment = 548,000
in.-1b, and shear = 3030 1b ultimate. The value of 548,000 in.-1b corresponds
to 366,000 in.-1b limit. The original value of 306,600 in.-1b limit was re-
vised to 366,000 in.-lb. Subsequent to the calculation of these loads, the
AAP loads due to mid-course maneuver were revised downward, therefore the use
of the above is conservative and satisfactory for this analysis. It should
be noted that a final analysis will include the changes in mass properties as
compared to AAP. The current AAP values are included in the table below for
reference. ~
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MIDCOURSE CORRECTION MANEUVER - LIMIT
' INTERFACE "LOADS I
Condition SPS Nominal Thrust Buildup ' SPS Maximum Thrust Buildup
Maximum
: e : Moment : : : o
Intz;ﬂzce Shear Maximum | Minimum Maximum Maximum |Minimum
Torsion Axial Axial Moment Axial Axial
Bending moment 174,000 52,800 | 144,000 46,400 8,230 13,100
Shear 940 230 390 320 66 110
Axial load -15,400 | -19,350 -4,000 -13,800 -24,600 |-.19,900
Torsion -15,200 | -13,800 | -3,960 0 0 0
The shear and binding loads may be applied about any axis in the Y-Z
plane. '
3. Descent and Landing
Accelerations X Y. - Z
g Rad/sec? g Rad/sec? g Rad/sec?
Descent engine +0.82 0. 19 +0.08 £0.65 +0.08 +0.65
operating : '
Transfer orbit 0 0 0 0 0 0
Landing: Steady
State at CG of
LM .
Case | 0.798 +0.036 +1.778 -0.016 0 +14.56
Case 2 0.798 0 0 17.60 1.778 0
Case 3 0.857 +15.82 +0.095 9.05 -0.421 + 0.573
Case 4 2.74 0 0 +28. | $0.514 0
Case 5 2.74 +0.01 +0.514 ~0.055 0 +23.3
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Shock:
Landing: 20 ms
Rise Time 200 ms
Dwell Time ~ 40
ms Decay
Case |’
Case 2

Case 3

Case 4

Vibration: The mission vibration environment is represented

X Y » z
g Rad/sec2 g Rad/se_g2 g Rad/sec?
8.0 14,0
£8.0 £14.0
£14.0 £8.0
8.0 +14.0

random and sinusoidal envelopes considered separately:

To Ascent Stage Equipment Support

Random

10 to 20 cps

20 to 100 cps

100 to 120 cps

120 to 2000 cps

Sinusoidal

5 to. 17 cps

17 to 100 cps

To Descent Stage Equipment Support

12 db/octave rise to 0.02 g2/cps .

INPUT FROM PRIMARY STRUCTURE

(Appropriate Account Must be Taken for
Transmissibility of Secondary Struct.)

by the following

12 db/octave decrease to 0.0l galéps'

. 0.10 in. DA

1.5 g peak

IS5 to 100 cps

100 to 175 cps

175 to 2000 cps

-
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Sinusoidal
5 to 20 cps 0.10 in. DA
20 to 100 cps 1.92 g peak
. For design purposes the above random spectrum applied for I2-I/2'min along
each of the three perpendicular axis X, Y, and Z, when applied in addition to
the corresponding sinusoidal spectrum acting for 12-1/2 sec at the natural fre-

quency of the equipment being designed will adequately represent the environment.

Cabin Pressure

The internal pressure used for the design of.the basic pressure shell is
5.8 psia times a safety factor of 2.0 for ultimate burst pressure. This value
is 11.6 psia ultimate. - Where the pressure load is combined with other loads,
the safety factor is 1.50.

Vibration and Acoustics

For preliminary structural design, sinusoidal levels can be used to obtain
g load factors for equipment support structures.

Design load factors as a function of equipment weight for LM equipment
have been collated and are presented in Figures 4-15, 4-16, and 4-17. This
data may be used for first-cut sizing of comparable ELS equipment supports.
Since AAP and LM sinusoidal levels at low frequencies are higher than NASA
guideline values these loads should be conservative. It should be noted,
however, that load factors are a function of equipment and backup support
structure stiffness as well as mass, and stiffness effects should be accounted
for as soon as preliminary sizing information becomes available.

In-situ Deployment

For all in-situ deployment operations an overall safety factor of 2.0 on
the lunar surface applied loads is used.

This was considered adequate for powered as well as manual operations
since in the former case all accelerations and transients would be very small
and the drive mechanisms would have inherent shock attenuating elements .such
as wire rope cables.
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CONCEPTUAL DESIGN STRUCTURAL CONSIDERATIONS

The primary considerations pertinent to the structural conceptual design
of the shelter are:

o Materials

. Pressure element form/construction

o Location of primary structural elements
o Pressure wall penetrations

Materials

A qualitative evaluation of candidate materials was based on the following
criteria:

Minimum weight for total mission time and environment
Compatibility with methods of construction

Where compatible with mission constraints, use of materials qualified
for the Apollo program or those for which extensive use experience:
and data -are available

Accommodation of extensions in mission time, quiescent and staytime,
with minimum degradation of performance

As a result of a general survey, structural alloys of the following metals
were selected as candidate materials: aluminum, beryllium, magnesium, stain-
less steel and titanium.

In addition to t he usual strength to weight considerations, these materials
were compared on an equivalent weight for equal meteoroid protection basis as
subsequently discussed in this section. The results, as given below, show the
lower density materials to be preferable for meteoroid protection.

Material Weight Factor
Beryllium 0.68
Magnesium 0.98
Afuminum 1.00
Titanium 1.35
Stainless steel. | ‘ .65
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Based on the criteria specified for evaluating candidate materials, in
general, aluminum alloys are preferred for structural applications. Beryllium
was eliminated because of its lack of weldability, and the marginal weight
advantage offered by magnesium was considered offset by its inferior strength
to weight ratio, except for shear panel use, and by the requirement for heated

. forming. A comparison of the characteristics and properties of aluminum alloys
with the requirements of speC|f|c applications led to the follownng
recommendatlons

Alloy-2219-T87 for all structural elements requiring a comgination

of welding, machining and forming operations. Properties: isotropic
strength, 50,000 psi yield, 63,000 tensile ultimate, with minimum
elongations; 5 percent longitudinal, 4 percent long transverse,

3 percent short transverse o ‘

Alloy 7079 for all mechanically attached fittings, typical‘of'the
support fitting to the LM truck

Alloy 7075 for all structural trusses using tubing as the primary
elements

Form/Construction of Pressure Elements

The major pressure elements of the shelter are the stiffened skin of the
cylindrical shell, end domes, and internal bulkhead. :Only the internal bulk-
head may be subjected to a AP across it in either direction.

i. Stiffened Skin of the Qyjlndrlcal Shell

The criteria used in selecting the preferred form/coﬁétructfon of the
stiffened skin are as follows:

Pressure integrity
Minimum weight
Ease of fabrication
Since the loading criteria, thermal environmental, requirement for
external and internal support structure integration; and curvature of skin are
similar to that of LM, much of the information generated in selecting the form/
construction of the pressure shell on LM was relatable to this study.

The following design concepts for a stiffened skin were investigated:

Machined skin with integral stiffeners, skin curvature formed after’
machining

Preformed skins with all stiffeners wélde& or mechanically fastened
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Combinations of partlally machined skvns and welded or mechanlcally
fastened stiffeners

Honeycomb framed core panels

The above coricepts differ significantly in detail and subassembly fabrica-
tion, however, for all cases it was considered that the cylindrical shell would
be fabricated as three equal length sections and the same amount of pressure-
tight fusion welding would be required to join the secttons for the final
assembly.

‘a. Machined Skin--The longitudinal and circumferential stiffeners are
integral with the thin skin as a result of milling the shear panels out of a
plate approximately | in. thick by 4.5 .ft wide by 25.5 ft long. After machin-
ing, the plate would be formed into.a cylindrical shell, welded together and
the required built-up frames and longerons welded or mechanically fastened to
the outstanding stiffeners without requiring penetrations of the thin pressure
shell or causing degradation of its properties. Bosses may be similarly inte-
gral with the skin and by means of blind tapped holes allow transfer of loads .
through the skin without penetrations or welding.

A similar approach of using machined skins on LM had been studied and v
determined not applicable because the required skin thickness of only 0.015:
in. placed unrealistic demands on tooling and machining operations. However
this shelter's-skin thickness of about O. 030 in. mitigates this cause for
rejection. '

As shown by the following dischssions'of~the.other»design.concepts, a
machined skin with integral stiffeners is preferred since it provides maximum

pressure integrity, offers minimum welght and can be fabricated using current
capabilities and techniques.

b. Methods of Attaching Stiffeners to Skins--The preformed skin and
partially machined skin concepts require stiffeners to be attached directly
to the thin skin. Four methods of attaching structural elements, i.e.,
stiffeners to the skin were considered, namely:

Riveting

. Bonding
Spot Welding
Fusion Welding

As indicated by its extensive use on LM, riveting is most appropriate
where structural complexity at joints precludes automated fusion welding and
complete access to both sides of the weld for inspection. However, this
condition is not prevalent in the recommended shelter configuration; therefore,
riveting, which requires penetrations through the skin, was rejected as a general
method of structural attachment. '
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Bonding is considered acceptable only for honeycomb panels and lightly
loaded structural members. It is considered unacceptable for use where high
concentrations of shear flow occur across relatively small areas as in longeron
or frame caps.

A review of the applicability of spot welding revealed the following
reasons for its rejection as a general method of structural attachment to the
pressure skin. There is very little data available on its use in curved ten-
sion field shear panel design. As a result, thicker lands (obtained by machine
or chem-milling of the skin sheet) appear necessary and therefore is a step
toward a machined skin. Also, thicker flanges may be required for spot welding
to the thicker lands; testing would be required to determine a satisfactory
combination. Alternatively, a 50-to 75-percent increase in the number of
stiffeners would be required to maintain fully shear resistant panels. The
unpredictability of leakage due to spot weld porosity and possible pull through
of spot welds under load would further compllcate the precautions and operations
in fabrication, testing, and possible repairs. The lesser reduction of material
properties caused by spot welding is applicable to only a small percentage of
the total surfaces and is negated by the preceding considerations requiring
thicker lands or more stiffeners. '

Although fusion welding causes the greatest reduction in material proper=-
ties, the simple shape of the shell and the orthogonal orientations of the
stiffeners relative to the curvature of the shell allow fusion welding to be
readily accomplished. Also, the simple shape and size of the shell allows
direct and conventional methods of weld inspection.

Therefore, by the process of elimination, fusion welding is preferred
“over the other methods of attaching structural elements directly to the skin.

c. Preformed Skin and Welded Stiffeners-~This concept has a minimum
amount of skin machining operations but the greatest number of detail parts
which require approximately 490 ft of welding directly to the pressure skin.

The. reliability, testing, and repair requirements as a consequence of
possible blow through associated with this extensive welding and the considera-
tion that all load transfers occur through a welded joint were the dominant
factors for rejecting this concept.

d. Combinations of Partially Machined Skins and Welded Stlffeners--The
following alternatives within this concept were considered:

Machined circumferential stiffeners/welded longftudinals-

Machined longitudinal stiffeners/welded circimferentials
The comparison of these alternatives was based on:

Linear feet of welding

Ease of fabricating machined skins

Weight
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The possible use of extruded skins with integral circumferentials was
abandoned based on the limitations of width and significant amounts of
machining/chem milling.

For recommended conflguratlon, the comparison of partlally machlned skins

and welded stiffeners

is summarized as follows:

Criterion

Machined Circumferentials/

Welded Longitudinals

Machinéd Longitudinals/
Welded Circumferentials

Linear feet of

340 ft of simple straight

line welding, details
easily fitted.

150 ft of circumferen-
tial welding. Fitting
and welding of details
more difficult.

Ease of
fabricating
machined skins

4.5 by 25.5 ft plate
machined to provide 3
integral stiffeners,
each 25.5 ft long.
Easily formed into
cylindrical shell,

4.5 by 25.5 ft plate
machined to provide 26
integral stiffeners,

each 4.5 ft long. ,
Requires more extensive
machining operations.
More difficult to form
into a cylindrical shell.

Weight

Equivalent of 32 Ib of

stringers/longerons
subjected to a 25 per-
cent degradation.

#Relative weight penalty

of 8 1b.

Approximately 100 1b of
frames subjected to 20
percent degradation.
#Relative weight penalty
of 20 1b.

#Compared to a fully machined skin

Within this concept of a stiffened skin, the machined circumferential
stiffeners/welded longitudinals was selected as the preferred alternative.
Its machining and forming requirements are simpler, it has a slight weight
advantage,and the simplicity of fitting and welding straight line longitu-
dinals outweighs the disadvantage of more footage of welding.

e. Honeycomb Framed Core Panels--The shelter structural arrangement

-using honeycomb panels for the stiffened skin is shown in Figure 4-18. This

concept of providing a stiffened skin was eliminated based on a comparison of
the resulting shell weight with that of a machined skin concept, as shown in
the following summary.
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Weight Comparison - Honeycomb vs Machined Skin
S - Fully Machined
Honeycomb Framed ' - Skin
Item Core Weight-1b Weight-1b
Skins (0.030 Equivalent) Iso 150
including 5 percent allowance
for lands
Core - 1.5 in. thick 2 1b/sq f4 o 82 Y
density : : .
Glue Lines - 0.10 Ib/sq ft 33 : I
vEdge Members -_Lonéitudinal ; ‘4 39 . ———
52 ft at 0.75 1b/ft ’ :
Edge Members - Radial . 38. o S e
100 ft at 0.75 Ib/ft - -
Reduced 50 percent for frame
contribution
Longitudinal and Radial Ribs , --- . 17
490 ft at 0.05 1b/ft -
Reduced 30 percent for frame
contribution
Longeron Reinforcements ' -—-- ‘ . 13
105 ft at 0.12 1b/ft
Total 342 T . 180

2. End Done/Bulkhead

The following end done/bulkhead configurations, with. and without door
penetrations, were considered:

Flat-Honeycomb and Framed
Elliptical

Spherical Sector
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a. Flat Bulkhead--The use of flat bulkhead end closures for the pressure
shell was rejected because of the loss of shelter volume and the weight penalty
as compared to domed end closures. If the flat bulkheads were used, due to the
constraints of the payload envelope form factor, the overall centerline length
of the recommended configuration would be reduced to approximately 13.5 ft with
a consequent volume loss of about 60 cu ft. The weight penalty for using flat
end bulkheads as compared to domed ends would be approximately 60 1b.

Initially flat bulkheads, using a honeycomb or beam stiffened skins, were
considered applicable for the internal airliock bulkhead based on the considera-
tion that under emergency conditions the AP across the bulkhead could be
opposite in direction to that of normal use and that a flat bulkhead allows
maximum utilization of the separated available volumes. However, further
study indicated that the use of a spherical sector internal bulkhead, suitably
reinforced, would be lighter than the flat bulkhead and cause only a minor
degradation of the general utility of the volume in close proximity to the
dome - cylindrical shell intersection. This approach is discussed further
later in this section. '

b. Elliptical and Spherical Sector Domes--An investigation of the appli-
cability of elliptical and spherical sector domes led to the selection of
spherical sector domes based on the following considerations:

Spherical sector domes provide more usable volume for the restricted
length of shelter available as compared to elliptical domes of
reasonable eccentricities of minor to major axis, i.e., 0.3 and ’
greater.

The requirement for the use of 0.030 in. thick skins is greatly in
excess of the stress requirements imposed by pressure loads, so there
is no weight advantage from the use of ell|ptical domes.

Spherical sector domes, unlike elliptical domes, maintain constant
membrane stress which allows simpler door framing design and member
installation, particularly when off-center doors are desired/required.

Ring frames, as opposed to a thickened peripheral edge radius, for
the spherical sector domes are effectively free of weight penalty
since they may be incorporated as part of the non-simultaneous
pressure load requirements. These are the normal requirements for
satisfying externally applied loads due to support of external
equipment and the Shelter-LM/Truck tie-down. 1In addition, the ring
frames can be located to match desirable locations on the LM/Truck
structure (i.e., the end bulkheads) for Ioad transfer.

Spherical sector domes are easier to fabricate by splnnlng or hydro-
forming.

The compound curvature of the domes preciudes the use of fully or partially
machined skins to support door framing or reverse loading on the membrane; fusion
welding would be used for structural member connections to the skin.
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Location of Primary Structural Elements

~ The investigation of locating the primary structural elements, such as
frames/rings and longerons/stringers, internally or externally to the pres-
sure shell considered potential follow-on variations of the shelter/mission
as well as the considerations pertinent to the recommended shelter.

As shown by the following discussions, external location. is preferred
for the recommended shelter and for follow-on variations. For the candidate
configurations there were no significant differences in cost, fabrication
techniques, functional reliability, and weight for either location..

I. Recommended Shelter

The influence of the following considerations on the location of primary
structural elements were examined:

Pressure Shell

External Equipment

Internal Equipment

Docking Ring Loads and Shelter-Truck Connettioﬁ

a. Pressure Shell--The preferred fully machined skins are more easily
formed into cylindrical shells with the integral stiffeners located externally;
therefore the primary structural elements would also be externally located.
External location of structural elements for the other concepts of stiffened
. single skins provides the advantage of constraining membrane and pressure loads
in hoop fashion, precluding the tendency to produce tension loads across welds
as would occur with internally located structural members.

b. External Equipment--The many support points required on the shelter
structure for sway bracing or accommodating in-toto the loads imposed by
external equipments are best provided by externally located structural members
with tangential introduction of the loads at the frame/longeron intersection
centroids to minimize eccentricities and bending moments. '

Internally located structural elements with integral skin bosses or
fittings welded to the skin would reduce the capability of accommodating
changes in size and mass of external equipment. Also, the eccentricities
of the load paths would require a slight increase in structural weight.

c. Internal Equipment--The loads from heavy internal equipment are
primarily carried by the shelter floor and therefore by its structural sup-
ports. Internally located primary structural elements are preferred for this
condition/requirement. However, externally located structural elements can
provide satisfactory supports for the internal equipment. Floor support
segments may be welded or bolted to integral bosses coplanar with the exterior
main frames and mechanically fastened to the end dome and airlock dome com-
pression rings. These supports carry the vertical and lateral loads and skin
ties carry the longitudinal loads.
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Integral bosses approximately coplanar with external frames and longerons,
and light convenience frames bonded to the skin could be used to carry the
loads from wall mounted equlpment too hlgh above the floor for effICIent
attachment to it.

The use of externally located structural elements also results in an inner
wall surface comparitively free of protrusions thereby facilitating the in-situ
movement of consoles and equupment to allow easy inspection and poss:ble repair
of wall surfaces.

External location allows more internal headroom and usable volume since
the nominal 3 in. provided for backup sheet-bumper spacing can also be used
to accommodate the radial depth of the members. :

d. Docking Ring Loads and Shelter/Truck Connection--External location
of structural members is preferred; the reasons given for external equipment
support also are valid for these considerations. The possibility of using
removable internal structure to reduce frame weights is a tradeoff of weight
vs flexibility of interior shelter arrangement and crew activities; it does
not alter the preference of external location of shelter structural members.

2. Shelter/Mission Variations

The shelter may be designed to accommodate the following extensions in
capability: !

® Transportable on the lunar surface by the addition of powered wheels.
The attachment of wheel suspension is best accommodated by externally
‘located structural elements. -

. Increased shelter volume by extension of concentric, internally stowed
section of the shelter. To achieve maximum internal diameters (and
volume), allow for the support of the extension guides and mechanism,
and accommodate adequate sealing flanges, external location of struc-
tural- elements is preferred for both inner and outer sections.

Pressure Wall Penetrations -

In addition to the large penetrations required by the airlock doors and
docklng tunnél hatch, a number.of smaller penetrations will be required for
viewing ports and service lines such as flund ‘and electrical Ilnes, and
shelter atmosphere dump valves.: :

l. Afriock,Doofs and Docking Tunnel Hatch .-

Circular configurations for both airlock door openings are preferréd to
elliptical or rectangular configurations based on the following considerations:

For ¢ircular penetrations through spherical sector domes the
reinforcing edge members-are in-plane circular rings subjected
primarily to uniform tension loads (or-under eémergency condi-
tions of reverse loading on the inboard dome, uniform compres-
sion loads) with almost no out-of-plane forces.
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The local out-of-plane forces in the skin where it is joined to the
reinforcing ring are comparatively minor and less significant than
for other shapes of openings.

The circular in-plane opening allows simple seal and door lqtéhing
designs with minimum relative distortions of the seal clamping
surface. : :

Although the "width" of a circular door is considerably greater
than that required for elliptical or rectangular doors given in
previous discussions and more than half the "width" of the shelter,
the preferred pressure aided sealing and translational opening
motion of the overboard door into the airlock can be accommodated
as follows. The door opening is horizontally offset from the end
dome center and the curvature of the inboard spherical dome results
in a longer cylindrical wall section.in the airlock.

The required clearance for the hinged inboard door is also satisfied
by horizontally offsetting the door opening in the dome.

The arrangement and kinematics of flat 56 in. dia inboard and outboard
doors based on the above considerations are shown in Figure 4-19. The two ___
doors and their latching mechanisms are identical, although the loading on .
them can be different. -Under emergency conditions of the airlock pres-
surized and the remainder of the shelter non-pressurized, the inboard door
can accommodate a loading of 7 psi; for the normal conditions of pressure
aiding the sealing of the door the maximum (burst) loading is I11.6 psi. Each
door is constructed of flat aluminum honeycomb approximately 3 in. deep with
a 3.5 1b core and 0.020~in.-thick face sheets.

The inboard door is offset horizontally 7 in. from the center of the
dome and is hinged to open into the work/living area. A slotted hinge joint
allows the door to translate normal to the sealing surface during latching
or unlatching of the door. .

The overboard door is also offset horizontally 7 in. from the center of
the end dome. This door is mounted to rollers constrained in curved tracks
located above and below the door opening. The shape of the tracks allows the
door to translate normal to the sealing surface during latching or unlatching
of the door as well as minimizing encroachment of airlock volume during the
opening/closing.

In the full open position the overboard door overlaps the door opening
but still provides a suitable clear opening at mid-height of 43 in.

Sealing is achieved by a multiple striker on the door contacting and pre-
loading 'a silicone rubber - silastic seal mounted on the seal supporting Iip
of the dome opening reinforcing edge member. This location allows easy inspec-
tion of the seal and the multiple striker approach provides some protection
against inadvertent contact during ingress/egress.
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The door latching/seal clamping mechanism is shown in Figure 4-20. It
consists of a two piece marmon type clamp with compound toggle over-center
mechanisms to load, synchronize the motion, and irreversibly latch the clamp.
The two-piece clamp is symmetrically located about the vertical center line
of the door and provides almost full peripheral clamping.

A harmonic drive gear box, manually driven by an astronaut from either
side of the door, is used to drive the latching mechanism. The harmonic
drive 'is located in the center of the door and connected by bell cranks/links
to the linkages which further load and synchronize the motions of the ends of
both halves of the clamp. When the latching mechanism is 'opened,' it
releases the tension in the clamp and moves each half radically outward to
~allow the clamp to clear the seal supporting lip on the dome.

Since normal operation of the latching mechanism can take approximately
one min, squib powered actuation or squib bolts and springs to move the clamp
can be used for emergency rapid opening. In either approach the differential
pressure aiding the sealing would have to be reduced to probably only several
psf to allow a crewman to move the door, without mechanical aids, from a
sealed position.

The docking tunnel circular shape, diametral dimension and unobstructed
accessibility to it from inside the shelter results in the obvious selection
of a round docking tunnel hatch. /

~ Since it is normally used only for in~-flight checkout and is required to
take only unidirectional pressure loads during the mission, a hatch design
similar to that of the LM docking tunnel hatch would be used.

Service Lines

The service line penetrations are shown in Table 4-4. The table shows
only fluid and electrical power service requirements but undoubtedly pene-
trations will also be required for electrical instrumentation and communica-
tions.

Bulkhead fittings such as used on LM are suitable for these applications
on the shelter. A typical fluid line bulkhead fitting assembly, as used on
LM, is shown in Figure 4-21. It consists of a bulkhead penetration fitting,
bulkhead nut, O-ring, and two fitting ends. Each fitting end consists of a
fitting nut, seal, and female fitting to which the tubing is swaged.

A typical electrical power bulkhead fitting, as used on LM, is also
shown in Figure 4-22. The individual electrical feed-throughs are her-
metically sealed to the body of the fitting. Fittings for instrumentation
and signal wires are similar, the primary difference is that the feed-
throughs are pins on both sides of the fitting as compared to a pin and
sleeve used in power fittings.
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TABLE 4-4
PRESSURE WALL SERVICE LINE PENETRATIONS
Hole
No. of Size Wall Line Line
Penetrations (in) Location Penetrated Contents Function
L 3/8" Near ECS Cabin- heat transfer | cabin thermal control
Exterior fluid
3 1" near " electric power .
command leads
and
control
console
1 1/2" | near FCA " " power
1 3/8" nesr floor " potable H0 FCA water
2 /L near ECS " ‘oxygen oxygen supply
1 2" near ECS " Op and HQOr ' pressure relief and H_0
vapor. boiler vent line
1 /4" near floor | Cabin- © Oxygen airlock oxygen supply
Airlock
1 1-1/2"| near floor " airlock pump airlock pump
2 1-1/4"| waist level " oxygen suit ventilation
1 /4" floor level " urine toilet drain
2 3/8" roof level . " heat transfer | airlock thermal control
' fluid )
1 1/2" | waist level| Airlock - airlock dump
' Exterior
1 /4 floor level " - odor removal from
toilet
1 /4" waist level " oxygen PLSS emergency hook-up
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Parallel-plane surfaces for the sealing O=ring and fitting nut would be
machined from local bosses or thick sections of the pressure walls, the smaller
size flttlngs can be used through walls up to 1/4 in. thick.

In addition to the normally used airlock atmosphere dump valve line given
in Table 4-4, large flow area dump valves, operable from both sides of the
pressure wall, are necessary to allow rapid unloading of the pressure aided
sealing of the airlock doors or docking tunnel hatch under emergency conditions.
Also, to allow opening the docking tunnel hatch for in-flight checkout, a
manually operable valve would be located in the hatch similarly to LM.

Typically, the penetration required for a dump valve would be significantly
larger in diameter than those for the above electrical or fluid lines and the
method of securing it to the pressure wall would be different. A machined
flange for the sealing O-ring -and a series of ‘blind tapped holes, radially
inboard of the 0 in the valve body, would be used to mount the valve to a
matching flange machined from a local boss in the pressure wall.

"Viewing ports would be used to monitor activities in the airlock from the
work/living area as well as to view extra shelter activities. If this latter
use is suppliemented with a periscope, the periscope penetration of the pressure
wall would be similar to that used for the LM alignment optical telescope;.
namely, a flanged static seal with no requirements for rotatung seal s external
of the optical devnce

The method of accommodating the viewing ports in the pressure wall would
be the same as used on LM which is designed to take tension as well as pres-
-sure loads.

A cross-section of the viewing port is illustrated in Figure 4-23. A
. curved pane (1) of chemcor high strength glass is sandwiched between two edge
strips '2) of Kovar with a Kovar spacer (3) bonded between them. A /16 teflon
filler (4) is inserted between the edge of the glass and the spacer to elimi-
nate the risk of cracking due to the spacer and glass accidentally being bonded
together. Kovar was used as an edgemember since it has the same coefficient
of expansion as the Chemcor glass

‘ A 2219 aluminum alloy machined frame (5) is butt welded to a cut out in
the pressure wall, and the glass assembly is clamped into place with an aluminum
ring (6) which is bolted to the machined frame. Sealing is achieved by two 0O-
ring seals (7) located in grooves in the machined frame.

A fiberglass frame (8) is bolted to the main frame assembly and carries
an exterior pane (9) of Vicon (a soft glass) retained by a ring (10). The
exterior pane is an optical filter and the space between it and the chemcor
glass is vented. :

PAYLOAD DEPLOYMENT

The proposed operational use of the shelter payload requires the majority
of the scientific equipment and the LSSM to be deployed to the lTunar surface,
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and the subsequent crew activities to accomplish the mission operations require
several cycles of shelter ingress/egress per day.

In satisfying these requirements, the as landed attitude of the LM/Truck
and the height of the shelter payload above the lunar surface are of primary
importance.

The as landed attitude and conditions specified by the study guidelines
(Reference 1) are:

I8 deg maximum slope of the LM/Truck horizontal plane relative to
the local horizontal plane

5 deg general slope of the local lunar surface

I8 deg maximum truck slope based on a landing leg primary compression
stroke of a maximum of 25 in. and a local 24 in. protrusion or
depression of the surface at the landed position

The as landed attitude and conditions are shown in Figures 4-24 and 4-25
for the two extremes of landing leg orientation relative to combined slope of
18 deg. Figure 4-24 illustrates the diamond pattern in which diagonally
opposite legs are aligned along the direction of the slope; Figure 4-25 illus- "
trates the square pattern in which adjacent legs are aligned along the direc-
tion of the slope. Although the LM/Truck slope is |8 deg for both orientations,
the square pattern necessarily has less resistance to overturning than the ‘
diamond pattern; for leveling methods utilizing actuators integral with or
attached to the landing legs the strokes are longer for the diamond pattern.

To eliminate the possible degradation of crew performance caused by
~ operating in _an off~level shelter, the shelter must be leveled to a maximum of
3 deg with respect to the local horizontal. Achieving this nominal horizontal
attitude from a maximum of 18 deg off-level could result in the LM/Truck-
Shelter payload interface being a maximum of approximately [2 ft above the
Tunar surface.
The study of payload deployment was divided into the following categories:
Shelter azimuth orientation and unloading
Shelter leveling
LSSM unloading

Scientific equipment unloading

Crew access
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Shelter Azimuth Orientation and Unloading

The ground rules noted below were followed for this deployment category:

Shelter to be unloaded to the lunar surfaée with all internal and
external equipment (stored in the primary payload envelope) in place

Accommodate the as landed attitude and conditions specified by the
study guidelines (no preleveling required)

Provide capability of 360 deg azimuth orientation to allow selection
of most suitable area to deploy shelter

Flight and landing loads on shelter not carried by the unloading
system : -

Methods of unloading the shelter using devices supported only by the
LM/Truck were eliminated, since the moment exerted by the shelter on the truck,
when the shelter is clear of the truck and the as landed attitude and 360 deg
orientation ground rules are satisfied, would cause the LM/Truck to overturn.

An investigation of various combinations of turntables and folding or
telescopic ramps simply supported by the LM/Truck and the lunar surface showed
that a system consisting of an azimuth turntable and folding ramps was the
most compatible with the existing payload configuration, was simple to operate,
offered high reliability, and was lightest in weight. The method of folding
the ramps and the turntable arrangement are similar to that described in NASA
study report ALSS-TR-03! Volume II Book 8.

The selected azimuth orientation and unloading system is shown in
. Figure 4-26.

‘In general, it consists of two assemblies, one for azimuth orientation
and the other for unloading. After the release of the shelter payload to LM/
Truck tiedowns, the shelter paylaod is supported by four roller/guide shoes
located near the intersection of two of the lower longerons and the end dome/
cylinder compression rings. These roller/guide shoes are in contact with the
two sections of the unloading ramp resting on the azimuth orientation turn-
table; these sections are connected by pivot pins to two legs of an A-frame
connected to the turntable.

The turntable has a 70 in. outer dia and is constrained by eight roller
assemblies which are supported from the LM/Truck cruciform beams. Each roller
assembly has two horizontal rollers to react the shelter vertical loads and
one vertical roller to keep the turntable centered about a vertical axis.
Turntable rotation is provided by an electric motor operated capstan driving
a wire rope cable wrapped around the turntable.

The unloading ramp consists of two arms, structurally cross braced, each
having four sections which are hinged to facilitate stowage as shown in
Figure 4-26. The outboard ends of the ramp arms are connected to a common
ball and socket mounted bearing pad.

. b~
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The previously mentioned A-frame connected to the turntable provideé the
pivot about which the ramp can tilt and reacts the cable load for controlling
the angular rate of tilt.

Although Figure 4-26 shows the unloading of the shelter from a horizontal
attitude, the same sequence of events would be followed if the LM/Truck were
tilted up to I8 deg, the onIy difference being in the angle of tilt of the
unloading ramp when it is in contact with the lunar surface.

Referring to Figure 4-26, the unloading sequence is as follows:

Sketch | The shelter is shown with its unloading famps in the stowed
position after the shelter tie-down fittings have been released.

Sketch 2 After azimuth rotation of the shelter to the most suitable
position for unloading, the turntable is retained in that position
by a power-off disc brake on the driving capstan. The ramp tie
downs to the shelter are then released by squibs and the ramp sec-
tions are automatically unfolded to an extended position by springs
at the ramp section hinges. When extended, the ramp sections are
automatically locked together by spring loaded pins.

Sketch 3 An electric motor driven capstan mounted on the underside
of the shelter moves the shelter along a cable connected between the
inboard and outboard ends of the ramp. The shelter is moved outboard
along the ramp until its cg is outboard of the ramp pivot point.

The ramp is then allowed to tilt until the bearing pad at the out-
board end of the ramp contacts the lunar surface. The rate of tilt
of the ramp is controlled by a cable unreeled from a motor driven
winch mounted on the end of the A-frame opposite the ramp pivot; the
controlling cable is connected to the inboard end of the ramp. . After
tilting of the ramp is completed, the shelter is moved to the end of
the ramp where spring loaded pins lock the shelter to the outboard
sections of the ramp. The cable used to move the shelter along the
ramp is then severed/disconnected from the’ |nboard end of the ramp,
thereby disengaging from the capstan.

Sketch 4 A pair of winches are in-situ pin connected inboard of the
hinges of the last section of the ramp, and their cables are connected
to the ramp sections supporting shelter. The hinged connection is
then severed/disconnected. The cables from each winch are indepen-
dently controlled to lower the shelter to an approximately horizontal
attitude. 1In this position, adjustable length legs are socket-
connected near the disconnected ends of the ramp sections supporting
the shelter. The two support legs are adjusted in length and the
suspension cables further lower the shelter until the legs support
and stabilize the shelter in an approximately horizontal attitude.
Manual overrides are incorporated in all powered drives.
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The weight penalty for this system is summarized below:

Azimuth orientation assembly - 65
Ramp and support structure - 238
Ramp tie~downs and release 8
Ramp tiit resfraint mechanism 9
Shelter rollers and brackets : 15
Ramp arm lowering mechanism 10

355

Shelter Leveling

The shelter can be leveled to within the specified maximum of 3 deg off ;
the local horizontal by leveling the LM/Truck or leveling only the shelter @
leaving the LM/Truck in the as landed attitude. ‘ v

For the latter approach the externally located equipment and consumables -
directly related to shelter operation and connected to it by electrical and
fluid lines were considered as an integral part of the shelter.

-Also, to miﬁimize'leveling subsystem weight, it.does not carry the flighté
and landing loads on the shelter.

l. Leveling the LM/Truck

Previous studies of leveling an LM descent stage (Reference 8) concluded
that the use of linear actuators between the descent stage/SLA truss and the
lunar surface was preferred over the other methods studied, namely, pneumatic
bags with adjustable blocking struts, A=frames and derrick type rigs, partial
landing gear disassembly and rerlgglng, and jacking provisions built into the
descent stage.

Since the as landed attitude and amount of correction required are less
severe for this study, the above approaches were reconsidered and the recom-
mended approach was not routinely adopted. In addition to satisfying the more
severe correction requirements, its design concept was based on no modifica-
tions to the LM landlng gear and consequently resulted in a fairly large
mechanism.

For this study, which does not have the above constraint, the more
desirable approaches of leveling the truck are those utilizing the landing
gear legs to support or house leveling devices as discussed in the following
paragraphs.
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Electrically powered screw jacks were selected as actuators over hydraulic
or pneumatic cylinders primarily because of the 6-month quiescent storage and
the comparative ease of supplying electric power to an actuator inside the
landing gear cylinder. However, no detail comparison of actuators was per-
formed since it is beyond the scope of this study.

Technique No. | consists of the use of screw jacks housed in the lower
cylinders of the four landing legs. The lower cylinders would have to be
redesigned to provide a guiding surface for the jack extension and to react
the jacking loads. The jacks would not carry the landing loads, but would
utilize the landings pads as bearing pads during leveling; this requires a
redesign of the pad support-to-landing leg connection to allow In-situ
disconnection.

The -jack strokes and the maximum lateral scuffing motion of the pads to
accomplish leveling of the shelter are shown in Figure 4-27. A length of about
61 in. is available within the landing gear cylinder, when the gear is in a
compressed position, to house the screw jack. This available length limits the
stroke of a single stage actuator to approximately 48 to 50 in. Therefore a
two state screw jack would be required.

Technique No. 2 consists of a screw jack arrangement in each landing leg
cylinder similar to that of Technique No. |, but, as shown in Figure 4-28, it
only requires a stroke of 48 in. and imposes negligible lateral motions on the
landing pads. This is achieved by in-situ disconnecting/severing the locking-
geometry of the secondary landing struts and the uplock to allow the landing
legs to pivot .about points A. Although this provision must be incorporated in
the four legs,only the locking geometry on the leg requiring the maximum stroke
and one adjacent to it need be freed to reduce the lateral scuffing to a negli-
" gible amount. Tension-ties are manually installed between diagonally opposite
* . legs to preclude outward slippage of the pads when the legs are free to pivot.

In Technique No. 3, three single stage screw jacks are stored in the
shelter payload envelope and are in-situ mounted to fittings located on the
lower end of the landing leg upper cylinders. Therefore, compared to Techniques
| and 2, this approach requires the mnn:mum amount of modification to the
landlng ‘gear.

Since the jack pads must clear the landing pads,-they can be mounted
radially inboard of the landing leg pads and thereby require a maximum stroke
of only 45 in. as shown in Figure 4=29.

To permit some selection of jack bearing pad location on the lunar surface, -
the fittings on the leg upper cylinder have multiple locations-for accepting
the jack brackets and the jacks may be inclined several degrees off vertical
at the initiation of the leveling operation. During the leveling operation
the jacks are allowed to pivot in their brackets thereby reducing lateral
scuffing to a negligible amount.
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2, Leveling-dnly the Sheltér

The recommended method for leveling only the shelter is shown in Figures
4-30 and 4-31. It consists of an azimuth orientation turntable, two shelter
support beams, and a single axis actuator to tllt the shelter about the support
beam pivots.

Other concepts which were investigated included jack screws mounted at
the inboard intersections of the LM/Truck beams and two axis gimbal arrange-
ments using parallel motion linkages, ball and socket support of the shelter,
and multiple actuators for raising the shelter to provide clearance and sub-
sequent two axis leveling. In general, these concepts were either excessively
complex or could not be housed in the available volumes.

The sequence of operation and a description of the recommended system is
discussed in the following paragraphs.

Assuming a severe shift in payload and truck cg could occur due to mission
operations, prior to leveling the shelter, a manually adjustable length column
can be placed under an off-surface leg to stabilize the truck, as indicated in
Figure 4-30. '

After the release of the shelter to LM/Truck tie-downs, the shelter is
supported near the intersection of two of the lower longerons and the airlock
.end dome/cylinder compression ring by two pivot fittings on the shelter support
beams and by the tilt jack screw located below the floor level at the middle
of the shelter. The two support beams are attached to the turntable. The
turntable assembly and method of support from the LM/Truck are similar to that
described for use in shelter payload unloading. The shelter is rotated by the
capstan driven turntable until the airlock end of the shelter faces in the up
hill direction of the as landed slope; the shelter is retained in that position
by a power-off disc brake in the capstan drive. The shelter is then off-level
about only one axis. The jack screw between the shelter and a torque tube
connecting the support beams is extended to tilt the shelter to the specified
nominal horizontal attitude.

As in shelter unloading,'all actuators for this system have manual
overrides.

Subsequent to leveling, the capstan driven turntable can be used to
provide shelter azimuth orientation but with the drawback of having nutatton
about a vertical axis rather than rotation.

3. Preferred Method of Shelter Leveling

The preferred method of leveling the shelter is by leveling the LM/Truck
using Technique No. 2, screw jacks integral with the landing legs and allowing
the legs to pivot to preclude lateral motion of the pads.
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SHELTER & LM TRUCK
AS-IANDED

GROUND CONDITION 1

GROUND CONDITION 2

To stabilize IM truck, one simple, manually adjustable length column
can be placed under the off surface leg (approx 6 places are easily
adaptable to form socket for column)

Figure 4-30. Shelter Levelling/Truck As-Landed
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The following criteria were used in comparing the various leveling '
methods:

In-situ surface activities required

Dependence on local surface characteristics/conditions'
Weight penalty

Effect on shelter payload complement

The differences in mechanism reliability, cost,and fabrication requirements
were second order terms for the purposes of this study.

Using the above criteria the preferred method was selected based on the
following considerations. .

Technique No. 1 although requiring a minimum of in-situ surface activities
for the activation of the leveling subsystem was most dependent on local sur-
face characteristics/conditions since the pads move laterally during the
leveling operation. The maximum leveling stroke of 58 in. and the necessity
for a two-stage jack in each leg results in the highest weight penalty of 225
1b; the other methods have weight penalties of approximately 100 1b.

Technique No. 2 requires only an in=situ surface activity to latch tie
straps between diagonally opposite pairs of landing pads/legs, and, since no
lateral pad motion occurs, it is independent of the local surface character-
istics/conditions.

Technique No. 3 requires the greatest amount of in-situ activity to mount
. the leveling jacks to three of the landing legs. Since the jacke have their
own surface pads and the choice of bearing area is limited, this system is
dependent on local surface characteristics but to a much smaller degree than
Technique No. I; pad lateral motions are considerably smaller or negligible
depending on the azimuth position of the jack relative to the landing leg.

The concept of leveling only the shelter is independent of the surface
characteristics/conditions and requires the least in-situ surface operations
for the actual leveling operation. However, since the shelter moves relative
to the truck, external equipment supported jointly by the shelter and truck
and/or in a location which prohibits the motion must have its structural ties
disconnected/severed from the truck and be supported completely by the shelter
and/or be unloaded in the as landed attitude.

The requirement for disconnectable/severable supports and a redundant
supporting mode for the external equipment to allow leveling not only increases
the compiexity and weight of the supporting structures, it also reduces the
flexibility of accommodating changes in external equipment. As discussed
later, the methods of unloading the LSSM and scientific equipment are indepen-
dent of the as landed attitude, however, unloading from a leveled payload is
simpler and less arduous for the crew. Furthermore, the nonpredetermined final
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position of the shelter relative to the truck severely reduces'the'possibillty
of using truck mounted supports for inspection/maintenance of the shelter and
- external equipment.

LSSM Unloading

As stated previously, the LSSM storage configuration. was considered as a
rigid structural unit with its suspension system locked out and the wheels
deflected by a self contained force system.

The ground rules noted below were followed for this deployment category:

Flight and landing loads on the LSSM not carrled by the unloadlng
~ system

'Accommodate the as landed attitude and conditions specufled by the
study guidelines (no preleveling required)

Initial studies showed that because of the gross size, mass and location
of the LSSM in the payload, as compared to the scientific equipment, the use
of two separate systems for unloading the LSSM and scientific equipment would
result in a lower total welght and less in-situ activities.

'The methods which were considered for unloading the LSSM included overhead
cranes, ramps;, and parallel motion linkages either separately or in combination.

The possibility of providing 360 deg azimuth orientation for unloading the
LSSM independently of rotating the total shelter payload was ruled out because
of excessive size and weight of the system. To clear other components of the
shelter payload and the truck legs, it would require a boom about 17 ft long
. mounted on a turntable near the docking tunnel.

The recommended method of unloading the LSSM is . ‘shown in Flgure 4-32, It
consists of an A-frame to control the outboard positioning of the LSSM, a com-
pression strut to pivot the A=-frame, and a motor driven capstan wire rope
arrangement to control the A-frame motion and lower the LSSM.

The A-frame is supported at its lower end by two plvot fittings connected
to the LM/Truck cruciform beams, and near its outer end by a small truss con-
nected to the shelter structure. One end of the compression strut is pinned
to the A-frame above the pivot fittings and the other end pinned to a guide in

"a housing mounted on the LM/Truck beam. The motor driven capstan is mounted
on the shelter near the docking tunnel. In the as launched configuration the
hinged outer end or extension to the A-frame above the shelter support is

_folded to fit within the payload envelope

In reference to Figure 4-32, the unloading sequence is as follows:

- Sketch | The LSSM with its deployment mechanlsm is shown stowed in
the as landed posutlon
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Figure 4-32. Unloading of LSSM
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Sketch 2 The A-frame extension tie-down is released and a spring

rotates the extension until it is coplanar with the rest of the

A-frame under the LSSM chassis; a spring loaded sleeve slides over
the rotation joint to lock it. The LSSM in-flight tie-downs to the
LM/Truck are released, and the capstan driven cable raises the LSSM

-along the A-frame until stabilizing forks on the upper end of the
-LSSM.engage a cross bar at the end of the A-frame. The LSSM is con-
strained to the straight parallel sections of the A-frame by guide
~shoes which allow relative motion only along the length of the frame

until the cross bar is engaged. As the forks engage with the cross

"bar, they trip spring loaded catches which allow the LSSM to rotate

about the longitudinal axis of the cross bar.

Sketch 3 The A-frame is squib released from its tie-down to the
support truss. The spring loaded compression strut rotates the
A-frame outboard, the rate of rotation being governed by the rate

at which the suspension cable is paid out. The resulting LSSM angu-

‘lar motion about the A-frame pulley cross bar is damped by a wire

snubber., The A-frame rotation continues until a guy wire from a

" hardpoint on the shelter to the tip of the A-frame is taut. This
‘releases the spring loaded catches holding the LSSM stabilizing

forks to the A-frame pulley cross bar and.the LSSM is held now only

by the suspension cable. The controlling length of the guy wire is

© in-situ adjusted as a function of the as landed attitude.

A Sketch'a. The LSSM is lowered by the suspension cable until its

" stabilizing forks are clear of the A-frame. The forward wheel

deflection straps are released,and the LSSM may be rotated about the
axis.of the suspension cable by an astronaut standing on the surface
until it faces the most suitable position for unloading.

Sketch 5 The LSSM is lowered by the suSpension cable until its
leading wheels rest on the surface. These wheels are then energized

~ or allowed to free wheel while the suspension cable continues to

lower the LSSM until all wheels contact the surface. The suspension

‘cable is then removed from the LSSM chassis.

The fitting holding the LSSM in a contracted configuration -may be
released just prior to the aft section contacting the lunar surface.

-The estimated weight for this method of unloading the LSSM is 40 1b.

' Scienfific Equipment Unloading

The lunar weight of the individual scientific equipment packages is
within the 1ifting and carrying capabilities of a.suited astronaut. However,
“the shape or bulk of some of the packages combined with their locations in the
payload envelope would require the astronaut to assume precarious positions if
equipment were unloaded without any mechanical aids.
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The maJorlty of the equipment storage locations are directly accessible
from above and therefore the equipment could be easily removed by an overhead
‘hoist. The few packages between the lower section-of the shelter and the truck
beams are sufficiently low in weight to allow complete manual unloading or
positioning them for mechanical unloading.

“With the air of an overhead hoist, each container/frame housing experiment
package - can be removed as a unlt, thus reducing the number of unloading
operations. : : :

A simple portable manual/motorized jib boom hoist mountable in sockets at
any.of four -positions on the shelter provides sufficient coverage with a 66 in.
. boom to unload all the scientific equipment. Its operation can be controlled
locally at the mast or from other positions by an electric cable-connected con-
trol box. The Jlb boom hoist, in an installed position on the shelter, is
shown in Figure &4- 33. ' .

The boom iS"hinged to the top of the mast to allow folding for initial
storage in the payload envelope and subsequent ease of rep05|t|on|ng at any of
’the four positions on the shelter. - .

The estimated weight of this unloading arrangement is 3l 1b.

Crew Access

"The requirements/ground rules to be satisfied by the crew access system
are: - o : ' ' :

Pr0videlfor initial entry into the shelter in the as landed attitude

. Provnde for crew and equnpment transfer between the shelter and the
lunar surface during normal mission activities

' Provide accéssibility to scientific equipment to facilitate unloading

Provide for transfer of incapacitated astronaut between .Junar surface
and shelter .

Provide access to the exterior of the shelter paylaod. for inspection/
maintenance

“Methods of providing crew accessibility by means of inclined ramps,
inflatable staircases, mechanized 1ifts and simple ladders were investigated.
The recommended approach consists of using two ladders and the scientific '
equipment jib boom to satisfy the above requirements/ground rules. Initial
entry to the shelter would be by means of a portable extendible ladder which
is initially located on the LM/Truck face. As shown in Figure 4-24, if the
truck lands such that the airlock is in the four leg position, a fixed ladder
on that leg may not be accessible to an astronaut from the surface. However,.
a multisection ladder stored on an LM/Truck face would be accessible.
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Figure 4-33. Equipment Unloading Device
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_Following detachment and extension of the ladder, its upper end would be
latched into a connector on the truck below the airlock door, and its lower
end placed in contact with the lunar surface. After climbing the ladder, the
crewman releases a folded access platform below the airlock door, steps on the
platform and’ proceeds to open the airlock door

_ After.the-truck is leve]ed, a second multisection ladder is deployed from
the access platform to the most suitable location on the surface and is used
for all normal ingress/egress during the mission. The portable ladder which
had been used- for initial entry is therefore free to provide accessibility to
‘the scientific. equipment and for shelter payload inspection/maintenance. Areas
which are inaccessible with the portable ladder are reached by means of a small
platform which is-supported.and'positioned‘by the equipment unloading hoist.

" An emergency Iltter, foldable for storage, can also be attached to the
- hoist to carry an |ncapac1tated crewman between the surface and the shelter
: alrlock -

_ o The estlmated welght for the crew access system; exclusive of the equnpment
-unloadlng h0|st, is. 64 lb

RADIATION AND MICROMETEOROID PROTECTION
The radlatlon and:m1crometeorond'environments in space influence the

design .of manned .l'unar shelters snnce weight penalties, dependent on mission
_time and the probability of not receiving or exceeding specified limits of

detrimental effects, are: required to militate agalnst the hazards associated

‘with these.environments. -The probability aspect is particularly important
. since’ the  number .of hazardous events. encountered |s assumed to be proportional
to the elapsed exposure time.

The mlcrometeor0|d model environment and the penetration criteria as
'specnfled by NASA for LM and AAP missions were used for this study.

- The radlatuon envnronment model as sPeC|f|ed in the NASA TN D-2746
(Reference 3) was used since LM data does not extend to the mission duratlon
considered in thlS study

'pRadlatlon,Ana]ys1s'

The radlatlon ‘sources potentlally harmful to the lunar shelter personnel
and equipment are solar flares, .galactic cosmic rays, lunar surface radiation,
‘solar wind; and-ruclear power sources. For this phase of the study it was
‘assumed that ‘the power source would have adequate self-shielding and therefore
' not contribute ‘any weight penalty to the radiation protection required. Of the
remaining four sources, the galactic cosmic rays, lunar surface radiation, and
solar wind are negligible when compared to the solar flare proton fluxes.
Therefore, protection analyses were based on the solar flare environment and
the total dose criteria as specified by the NASA work statement (Reference 2).
Parametric studies have been performed to determine shield weight as a func-
tion of probability of not exceeding the specified dose limitations, dose to
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the blood forming organs and skin, and exposure time. The protection prdvided
by refuge arrangements utilizing internal equipment and supplies, and supple-
mentary water blankets is discussed in this section.

l. Solar Flare Protection Requirements

For manned missions, the radiation reliability was taken as the probability
that the biological dose to the crew during the mission would not exceed the -
emergency limits. This is specified by the NASA study work statement to be
500 Rad for the skin and 200 Rad for the blood forming organs. Using the data
from NASA TN D-2746 (Reference 3), the effect of radiation:-protection and total
mission time on the blo]ogncal radiation reliablllty is shown in Flgure 4-34,

As an example of its use, conS|der a shelter radiation refuge with wall .
and roof area A (sq ft), then the weight of the refuge ‘in pounds for a particu-
lar staytime, probability, and dose is 2.04 At, where t is the equivalent gram/
cm? of aluminum. For the refuge shown in Figure 4-8, which has 105 sq ft of
wall and roof area, and an average equivalent shield thickness, t of 10.3 .gm/
sq cm, the total equivalent aluminum weight of shielding is 2205 1b. If this
is used to provide a shield of uniform thickness, the probabllnty of not
exceeding the specified doses for a 50-day stay time is less than 0.999. To
achieve a 0.999 probability of not exceeding the specified BFO dose, which at
a 50-day stay time is the more critical, the equivalent weight of aluminum
shielding would have to be increased by 365 1b. However, it is highly improb-
able that the equipment and supplies available for shielding can be arranged
to provide a uniform shield. The radiation weight penalty, therefore, is that
weight necessary to bring all surfaces equivalent to the average shield thick-
ness t for a given stay tlme, probability, and dose.

~Since it is difficult.to fix physuo]oglcally a value beneath't he specified
. skin and BFO emergency doses, and psychologically an area of comfort, one can
consider two approaches to the problem of designing a radiation refuge. One
approach would be to tradeoff dose and weight to the point where the weight
becomes unacceptable, and the dose level is appreciably under that which has
been specified.  If the dose were sufficiently under that specified, consid-
eration might be glven to continuing the mission once the-solar flare has passed.
The second approach is to determine the desired protect|on for a single large
flare. ‘and design the shield for minimum comfort and minimum weight for a
given dose, probability, and stay time. The following paragraphs discuss these
two approaches and present the parametrnc curves for tradlng-off shleld weight,
probablllty, stay time, and dose

The dose is: computed by obtannang from the model envaronment the solar
proton probability fluxes for five different mission durations at two-week
intervals, converting the fluxes from a 30 MEV to a 100 MEV particle cut-off
energy, and finding the thickness of aluminum needed to yield a particular
dose (Reference 9). Shown on Figures 4-35 through 4-39 are the skin and BFO
doses as a function of aluminum thickness and probablllty for various stay
times. The dose includes an estimate of the contribution from secondary
particles and are for one-half the free space flux. The lunar surface is
assumed to shield the remaining one-half of the free space flux. For the BFO0
curves, the equivalent aluminum shield thickness is in addition to the 5-cm
protection afforded by the skin.
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A refuge, which is enclosed by walls constructed of internally stored
equipment and supplies, may be estimated in terms of its equivalent worth of
aluminum thickness. For this value a dose is determined from the appropriate
curves depending on the exposure period. Because each wall has its own slab -
thickness the total protection of the refuge is a sum of each wall weighted by
the solid angle it subtends. If the total protection is insufficient, water
panels can be added to attain the desired dose level. It is the weight of
these panels that is traded off against probability and dose to achieve an
acceptable reliability rating for completing a successful mission. If the
panel weights are maximized to the payload constraint, and the dose Is still
evaluated to be too high, mission length and reliability can be traded off to
lower the dose level.

The second approach is to determine the protection for a single large
flare and design a shield.to enclose a minimum volume. This would provide the
minimum control requirements to the crew. However, if a flare were to occur .
that was of smaller magnitude then designed for, the mission may continue '
rather than be aborted. Shown on Figure 4-37 is the 0.95 skin dose curve, for
a giant flare assumed to have an integrated intensity of protans, having
energies greater than 30 MEV, of 2 x 10° per sq cm. The probability that the
crew will receive such a flare on any day is 0.001, and the probability for
any number of days, T, is simply 0.001 (T).

It is readily apparent that this approach reduces the dose by a substantial
amount. But it also considerably reduces the probability that a long mission
will be compieted For example, an 8-week mission has less than a O 95 chance
of not seeing a giant flare. :

2. Radiation Refuge

The two refuges shown in Figure 4- 40 are based on the desngn condition of
50-days stay time shown in Figur 4-34 and using internally stored supplies and
equipment in conjunction with water filled polyethylene blankets for shielding.
The water filled blankets, holding the LiOH cartridges in slgeves, would be
contoured in thickness such that the combined worth of the depth of the circu-
lar cross section LiOH and water blanket at any particular point is a constant.
The austere volume of the quonset hut arrangement requires about 300 1b of
water blanket to provide 8 gm per sq cm equivalent Al thickness protection.
‘The seated arrangement, which allows the crew comparatively high freedom of
movement, requires about 650 1b of water blanket to provide 8 gm/sq cm equiva-
lent Al thickness protection. The surrounding shelter wall structure provides
an additional 2 gm per sq cm equivalent Al thickness for either arrangement.
The net weight penalties are the above weights minus the water on board at the
beginning of staytime.

Micrometeoroid Analysis

To provide a means for comparing various meteoroid protection designs
NASA has specified, for LM and AAP missions, a mathematical description of the
micrometeoroid particles present within the near-earth, cislunar, and near
lunar regions, and has prescribed the mathematical criteria to be used in

VA 4-118
< rv)i AIRESEARCH MANUFACTURING DIVISION

-~ Los Angeles, California
i




67-1964-6

SECTION A-A

Book |
LiOH
FOOD STORAGE
\\
WATER BLANKE?\\\
LiOH —\Q
BUNKS
A // /D
¥

Y
‘\\\> f \
5o “5§‘ (
ZA
\, ¢
v/ !

VIEW LOOKING AFT

ALTERNATE ARRANGEMENT
—~ WATER BLANKET

@
(1‘/
/-;
=
k RN W=
LI A
T A
N1 e |
B

|
VIEW LOOKING DOWN AT
¢, SHELTER

(e

. ) = 3 V

SECTION A-A

LiOH

PLSS BACKPACKS

"

LiOH CARTRIDGES

f
WATER BLANKET |
l
y
!
|
I

SECTION B-B

Figure L-L4O.

Radiation Refuge Arrangement

4-119



Page Intentionally Left Blank



67-1964-6
Book |

determining their penetrating capabilities.. The following sections describe
the use of this data in determining an optimization technsque for the micro-
meteoroid protection, present a meteoroid probability assessment for the
recommended shelter, and discuss the appilcabiilty of materials for protection
and possible self=sealing techniques.

I. Optimization of Micrometeoroid Protection

Micrometeoroid protection requirements have been specified as 0.997
probability that the structure will not be penetrated during its lunar mission.
This probability is the product of two others; the probability of no penetra-
tion by a primary meteoroid and the probability of no penetration by a secon-
dary meteoroid. These secondary particles are of -a much lower velocity and
are what is more commonly referred to-as ejecta particles. Because they strike
the vehicle at all angles they are defined as being random and isotropic. The
optimization procedure results primarily from (1) operating in these two differ-
ent kinds of micrometeoroid environments; one composed of high velocity parti-
cles, the other low velocity particles, each having their own penetration
criteria, and (2) specifying that the protection configuration and its reli-
ability requirement are held constant throughout the mission. Because the
environment being considered is primarily COmposed of high velocity particles
only, a spaced bumper-backup sheet configuration is used and the AAP penetra-
tion criteria used for the bumper selection,

The optimized or minimum shield thickness occurs when the reliabilities
apportioned to each environment result in the same shield weight A or thickness.
The argument to support this is best expressed in terms of Q, the unreliability.
Because the sum of the apportioned unreliabilities must equal the specified Q,
an increase in either apportioned Q means a compensating decrease in the other
apportioned Q, and since the unreliability is inversely proportional to skin

. thickness, any decrease in an unreliability means an increase in the corre-
sponding skin thickness.

Based on the foregoing rationale and the analytical approach specified
for the Apollo program (References 10 and Il), a set of curves for rapidly
estimating the required meteoroid protection is shown on Figure 4-41. The
specified value for Q is found on the ordinate,and a line may then be drawn
across the plot from this point. A value for the total shield thickness (Zt)
is selected for a first estimation, and a line may then be drawn vertically
from this point on the abscissa. Where this line crosses the straight line
plotted for the secondaries is the value of Q apportioned to secondaries.

Subtracting this value from Q gives, Q ) that portion of Q assngned to the
primaries. The intersection of the iine drawn horizontally from Qp with the

vertical line from the first estimates value for t gives the primary shielding
configuration If the spacing is larger than that desired, or if less shield-
ing is desured, successive choices of XLt are tried until a combination of Q
and Qp is found which gives the mlnimum It.
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When the chosen AT, referred to as (AT)C, is different than the one used
to obtain the curves, the choéen Qc is normalized to Qn,by multiplying it by
the ratio of the two AT values as shown on the plot. The above procedure is
then executed using Qn instead of’Qc. : ’

For an example, use the nominal ELS values of 0.003 for Q_, an effective
area of 260 sq ft, and a mission length of 230 days. Then, (A?)c =6 x 10
sq ft-days and Qn from the formula on Figure 4-41 equals 0.00075. This line is

shown on the curve. A minimum shielding thickness is given by the point of
intersection of this line with the straight line for the secondaries. %t for
this point is 53 mils. Starting with a 3 in. bumper spacing, a first try might
be where this line intersects the secondary line. For this point,

Q, =0Q + Qp = 0.00044 + 0.00044 = 0.00088

and Tt = 60'mils:

Malntaanlng this Tt would require an enlargement of the bumper spacing in .
order to reduce Q to,

Qp = Qn-- QS = 0.00075 - 0.00044 = 0.00031

-‘The'}equired spacing is therefore 3-1/2 in. If larger spacing were toler-
:able, then Q could be increased, which would result in a reduced %Tt.

o 'If a spaC|ng of 3 in. is desired, then a second guess for Tt might be 70
:;mlls - But for this value, "

Qp_=-0.00034 and Q ='0.00024

ThIS glves too severe a Q (equal to 0.00058). Very quickly one can see

that for the correct Q the comblned thickness must be:

Lt = 64 mils -

Therefore the combined thickness of 64 mils is optimum for a bumper and
backup sheet with no material in the spacing. Because a |5 mil bumper will
satisfy the entire range of stay times projected for ELS missions, this thick-
ness may be kept constant for the bumper The backup skin thickness then

becomes

=64 - 15 = 49 mils

These requirements can be considerably reduced by consideration of foam
in the spacing and a fibreglass bumper instead of the aluminum. This is
discussed under bumpers and spacers in the materials discussion.
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2. Probability Assessment of the Recommended Shelter

This analysis determines the probability of the recommended shelter
sUccassfully completing its mission. The mission was divided into two phases:
a storage phase lasting six months plus ‘three days for transit and a manned
phase lasting 50 days. :

Effective areas for the shelter were obtained by neglecting the docking
hatch and estimating how much of the smooth cylinder was shadowed by externally
stored equipment:. The shadow shielded areas and the various external components
are:

40 sq ft Descent stage

61 ' ECS and FCA radiators
- 35 _ Tanks

I FCA

6 PCE and EE

50 LSSM

14 Scientific Equipment

The effective areas are 1so a function of the mission phase and the
environment. During the manned phase, the last three items above will be
removed from the payload,and the airlock will act as a bumper for the remainder
of the shelter. Therefore, the airlock and.one end of the cabin was not
included in the analysis. It was also assumed that the men spend all their
time in the work/living and sleep/rest sections of the shelter.

The above considerations result in three reference areas from which the
- various effective areas are determined. by subtracting from the applicable
reference area the appropriate projected areas of the externally stored com-
- ponents.  The three reference areas are: total internal area of the shelter
(440 sq ft), internal area of the work/living and sleep/rest sections of the
shelter (390 sq ft), and the |nternal area of the latter minus the airlock
bulkhead (340 sq ft).

The following table ﬁresents the results for a.15-mil bumper Spacéd 2.5
in. from a 30-mil backup sheet and does not include the attenuation effects of
~a spacer material such as foam.
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Structure Reliability

(e, = .015 in, 8 = 2.5 in, t = .030 in.)
Storage Phase ' Manned Phase
Environment Aeff < Po Po,l Aeff -Q P0 0,1l
Primary 233 | .00LLO | .99560 | .9999902| 218 | .001150 | .998850 | .9999993
Secondary 284 T .00665 | .99335 | .9999780| 308 | .00175k4 .9982L46. | 9999984
Combined . .01105 .| .98895 | .99993L8 . .0029Qu :.997096 .9999956

The symbols used in the table are:

A = the effective area
eff
Q = the probability of one or more punctures
Po = the probability of getting no punctures
P, ) = the probability of getting no more than one puncture
2 : .

The results show that tremendous gains in reliability are made if just one
. puncture is allowed. A natural counterpart of this is that more than one punc-
ture is extremely unlikely; one chance in fifteen thousand for the storage phase,
“ and one chance in two hundred thousand for the manned phase.

_ If one assumes that the mission will be continued should the puncture occur
‘during the storage phase, than the probability of mission success is:

P =pS x P" = 0.9999348 x 0.997096 = 0.997031
ms o,l o :

If a puncture is not permitted during the storage phase, the,misSion .
success is: ' ' '

P _=pP°
ms o

x P" = 0.98605
o
To raise this to 0.997 would require a 30-mil increase in the backup skin
thickness to 55 mils. This would result in an 185~1b weight increase.  As .
discussed previously, these requirements can be considerably reduced with the
~addition of foam between the bumper and backup sheets. These effects are
discussed below. : :
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3. Materials Discussion for Meteoroid Protection

For backup sheet thicknesses, four materials (berylluim, magnesium, tita-
nium, and stainless steel) are compared by weight to alumlnum by using the
penetratnon criteria-as specified for AAP missions:

L2 m v (7o,oooe<'/?

00.7.)

Y = 757

" where s = spacing between the'bumper and the backup‘sheets.
00.7 is the compression yield stress in psi equivalent to 0.7% of strain.

The weight comparison is made by forming the ratio:

WPt (oAI) /2 __o (10,000, 1/2
wAi (p;b)Al = pAl 0.101- o =

This is referred to as.the weight factor. The following table gives the
weight factors for the various materials.

Comparative Weight Factors

‘Material ‘Density (1b/cui in.) Stress (psi) f
Beryllium =~ = 0.067 66,000 0.683
~ Magnesium " 0.0647 " 30,000 0.978
_ . Aluminum - - 0.l01 170,000 - 1.000
Titanium | o7t 119,000 . - 1.350
Stainless Steel =~ - 0.277 .. - 195,000  1.645

Aluminum is the preferred material, because the potential weight saving
offered by beryllium is offset by its Iack of weldability and the marginal
‘advantage available from the use of magnesium is offset by the requi rement
for heated formlng. : '

The Goodyear Aerospace Corporation (GAC) for several years has been con-
ducting experiments designed to determine the effectiveness of low density
foam materials in destroying prOJectlles ‘with velocntles I8 to 22 thousand
ft/sec (Reference 12). : : :

For bumpers, tests showed that metallic skins erode upon impact, spraying
a shower of fragments. Fiberglass cloth impregnated with an elastomer, such
as silicone, did not shed particles and was more effective in shattering the
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projectile (pyrex sphere, used to simulate stony meteroroids). A fiberglass-
silicone bumper weighing 0.!7 1b/sq ft was sufficient to shatter prOJéCtlleS
weighing up to 70 milligrams. It was shown to be more effective than a [2-mil
aluminum skin, its equivalent by weight.

For spacers, a number of materials and structural configurations were
tested, but foam was clearly superior to anything else tried. GAC calls the
various flexible and rigid foams mechanical atmospheres because they appear to
destroy a projectile in much the same way out atmosphere destroys a meteroroid.
In fact, the destructive efficiency increased as the foam density was decreased.
However, as the density is reduced other factos such as vibration loads begin
to play a role in the selection of a filler. GAC recommends as optimum a flex-
ible polyurethane foam with a density of | 1b/sq ft.

Though GAC (Reference 13) does not have a mathematical expression which

yields required foam thicknesses to stop meteroroids of various descriptions,

it has produced three points which are helpful in estimating foam thucknesses
for the ELS mission.

Flexible Foam Spacers

Bumper Required

Particle Mass (mg)  Inches of Foam (mils of fiberglas;)
0 3.5 1015
17 2.0 _ 10-15
5 _ (.0 ' - none

The above table shows that a bumpervis.not needed for particles with
masses on the order of 5 mg or less. This size includes the LM design meteoroid
for primary particles. The weight of one in. of this foam is 0.083 Ib/sq ft.

The primary design meteoroid (10 mg) of the ELS missions falls into the
middle category. The two in. of foam used in the GAC test would convert the
particle into a gas jet which would impinge on the structural wall. Though
the experiments support this description, there is a serious question of their
application to the higher velocity particles. Also unknown is the effect in
the backup wall for less than the two in. of foam. The experiments nevertheless
indicate that a fiberglass bumper is more effective than an aluminum wall of
equal weight and that insertion of foam between bumper and backup sheet signi-
ficantly reduces the size of the backup sheet as required by the previous

optimization analysis. The ability of this protection to stop secondary ejecta
is discussed below. . 4 -
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The GAC data for low velocity particles if very meager. However, two - '
points were found for two in. of foam covered with a 5-mil dacron cloth and a
2-mil white surface coating. They are presented in the following table.

Low Velocity Projectiles

( = 3.5 gms/cm®>, V = 830 ft/sec)

d <-0.18 in. particle bounced off

d = 0.28 in. penetration occufred

In Reference 11, three velocity groups are specified for secondary ejecta.
The particle velocity specified for the middle velocity group is 820 ft/sec.
The design meteoroid for this middle group is less than one tenth of an in.
These particles and those of the lowest velocity group should bounce off the
foam filler. The design meteoroid for the particles in the highest velocity
group (5000 ft/sec) of Reference Il is 0.0089 inches. As shown in the above
table, this is less by a factor of three than the particle size required to
penetrate the foam at 830 ft/sec. Also the density of the ejecta particles
is 30 percent less than that of the experimental projectile used by GAC. Thus
it is assumed that the ELS particle would be unable to penetrate a |5-mil fiber-
glass bumper and two in. of foam and then have enough energy left to damage the
backup wall structure.

~ As discussed in Reference 14, several approaches have been examined for
providing a self-sealing layer to the wall inner face to self-repair a meteoroid
damage. One such method, reported in Grumman Aircraft Engineering Corporation
LLS studies, which has been tested by U.S. Rubber in a vacuum with promising
results, involves the use of a closed cell-type cellular rubber liner. When
punctured, the resulting exposure causes the liner to swell, thereby effecting
a seal. Weight of the liner is’ apprOX|mater 0.1 1b per sq ft.

More recently, a self-sealing rubber liquid, has been developed at the Air
Force Materials Laboratory. The liquid hardens instantly and automatically
when struck by a fast-moving projectile. Two liquid rubber reactants, packaged
separately, are mixed by the outward flow of air after puncture, producing a
hardened elastomeric mass that seals the puncture. The reactants could be con-
tained between quilted, laminated sheeting which is fastened to the internal
surfaces of the shelter walls. Further development work, however, is required
in this area before benefits can be reliably assessed.

FINAL VERSION OF THE RECOMMENDED CONFIGURATION
A final version of the recommended configuration was generated to accommo-

date changes such as increased cryogenic tankage requirements and the results
of continued study of the shelter payload.
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Outboard Profile

The outboard profile of the final version of Configuration 3B is shown in
Figure 4-42. The maJor changes from the corresponding earlier version, Figure
4-6, are discussed in the following paragraphs.

The cryogenics are stored in three separate tanks instead of the two pre-
viously required. The two H, tanks are positioned side by side, above and
slightly inboard of 0, tank; as before they are located symmetrically with
respect to the Y axis on the -Y side of the shelter. The tank dimensions and
weights are as follows. The 0, tank is sperical, has an outside dia of 50 in.
and the combined mass of the fluid and tank is 1575 Ib. Each H; tank has 43 in.
outer dia hemispherical end domes and a 12 in. straight section. The combined
mass of each tank and its contents is 230 lb. All tanks have two orthogonal
supporting girth rings, each three in. wide and two in. deep radially.

The thermal control radiators were configured to clear the two H, tanks
to accommodate the larger envelope of the two H, tanks which protrude above
the primary payload envelope. The combined surface area required was reduced
to 110 sq ft and the corresponding total weight is 165 1b.

Other changes include fhe use of stofage containers to house the majority
of the scientific equipment packages and the storage of the equipment unloading
boom adjacent to the 100-ft drill rod extensions on the +Y side.

Inboard Profile

As shown in Figure 4-43,'significant changes and rearrangements were made
in the airlock and work/living areas of the shelter to accommodate the spherical
sector inboard airlock dome and the SW|ng|ng motion of the 56 in. dia airlock

- door.

. l. Airlock

The airiock has a volume of approximately 130 cu ft and is separated from
the adjacent work/living area by a spherical sector dome, indentical in config-
uration to the forward end dome of the shelter, located 33 in. from the forward
end dome. The increase in airlock volume is a result of using the spherical
inboard dome in place of the flat bulkhead and maintaining adequate airlock
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