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PREFACE 

This document i s  a Sunnnary Report of the major tasks performed in a 9-month 
preliminary design study of Apollo Logistics Support System -loads, with 
major attention on a Lunar Mobile Laboratory (MOM). The work reported 
herein includes the e f fo r t s  of The Boeing Company and the following sub- 
contractor team : 

Garrett Corporation - AiResearch Division 
General Motors Corporation - A. C. Spark Plug Division 
General Motors Corporation - Defense Research Laboratories 
Radio Corporation of America - Astro-Electronics Division 

Also included i n  t h i s  document a re  highlights of additional studies conducted 
on the operations analysis and conceptual design of a b c a l  Scientific S m e y  
Module (LSSM), and a proposed design f o r  a Wbi l i ty  Test Article (m). 

Details of the technical effor t ,  a preliminary M O M  development plan, and 
conclusions and recomendations a re  contained i n  the detailed technical re- 
ports ident i f ied i n  the Final Reports Document Tree, Page ii. 

E-83001-1 
Page iii 
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This document summarizes work accomplished under NASA Contract ?US 8 - 1 1 4 ~ ~  
fo r  Marshall Space Flight Center during the period of June 27, 19& through 
March 27, 1965. 

The objectives of the study were to:  

. Prepare a preliminary design and specification f o r  a Mobile Lunar 
Leboratory (MOLAB). The MOLAB is a lunar surface vehicle concept capable 
of supporting a two-man 14-day scient if ic  mission on the lunar surface, 
and operating within a circular  area of a t  l eas t  8Okm radius of the land- 
ing point. The M O W 3  is delivered t o  the lunar surface as an unmanned 
payload of a modified LEI4 Descent' Stage (LEM Truck) of the  Apollo 
Logistics Support System (ALSS). Subsequently, the WLAB crew i s  trans- 
ported to the lunar surface by the standard ~pollo/LEH, and transfers 
t o  the MOW. A t  the conclusion of the scient if ic  mission, the crew 
returns t o  Earth v ia  the ~~ollo/LEM system. 

. Prepare a resource analysis which identifies the manpower, dollars, 
time and f a c i l i t i e s  neceseduy fo r  the design, deve lopn t ,  construction, 
tes t ing  and delivery of f ive operational M O M  vehicles and supporting 
equipment. 

. Utilize existing and planned Apollo hardware to the extent possible. 

. Prepare a new conceptual design of an Apollo Extension G y s t e m  (AES) pay- 
load f o r  lunar surface exgloration. The AES payload, delivered t o  the 
lunar surface by an unmanned modified LI44, consists of a 3224-Shelter, 
sc ient i f ic  equipment, and surface and/or flying mobility aids. The 
f o c ~  of the study ef for t  is a lunar surface vehicle concept (surface 
mobility aid), the Lunar Scientific Surrrey Module (LSSM). The LSSM 
s w o r t s  short duration manned reconnaissance sor t ies  within dn 8 hm 
radius of the LIB¶-Shelter. 

. In i t i a t e  the definition and design of a Block I Mobility Test Article 
(MTA). The MTA i s  an Earth-based mobility test bed of the selected lunar 
vehicle concept. The purpose of the  NM is to  perform lunar-sirmilation 
steady-state mobility tests on m h ,  including sof t  s o i l  and obstacle 
negotiation tests .  The MTA design consists of the MOLAB mobility ele- 
ments, battery powered, w i t h  a minimum of control, display and conununi- 
cation equipment i n  order to approach the design mass goal of 116 of the 
M O M  IUFLSB* 



To accomplish these objectives, the following tasks were directed in Section 6 
of the Statement of Work, as modified by M O W  Notes: 

Review of existing conceptual designs. 
Perform new conceptual design (Mom) . 
Perform conceptual subsystems design (MoLAB) . 
Perform integration of subsystems into a total WLAB design. 
Perform supporting development (MOM). 
Perform operations analysis (MOW) . 
Prepare specification (MOW) . 
Prepare program plans (MOW). 
Conduct initial design of a Block I Mobility Test Article (MTA) in 
accordance with M O W  Note 030. 
Perform conceptual design of Lunar ~helter/Laboratory and Small  Lunar 
Surface Vehicle (~odified by M O W  Note 031). 

The M O W  study encompassed three major phases as indicated in Figure 1.1-1: 

. Selection of mobility concept  a asks 6.1 and 6.2). 

. Development of subsystem design concepts and integration of the subsystems 
into the vehicle, including supporting subsystem development and per- 
formance of mission operation a w s i s  en asks 6.3, 6.4, 6.5 and 6.6). . Preparation of system specification, and preparation of plans for per- 
forming f'unctional tasks and identification of resources required to 
perform these tasks  asks 6.7 and 6.8) . 

Tasks 6.9 and 6.10 were performed as separate studies using data generated 
in the basic study, where a2plicable. 

M O L A B  S T U D Y  P H A S E S  

Wli 4 3  ff SUBSYSTEMS -. 6.4 

............. -*..:.'-'=.'.':=: 
'<4tsWRCES PUN':/.'/;. ............... .; :.'::::. ....................... .................... ................... 6.6 I""""""' 

I* INTERIM REPORT M INTERIM R E W T  FINAL REPORT 
SEPT. 2, I964 MN. 10-2?, I 9 U  A R I L  B-13, W 

FlGURE I .  1-1 
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1.2 THE MIIAB CONCEPT 

The PllOLAB concept selected, shown i n  Figure 1.2-1, i s  a six-wheeled semiarticu- 
la ted vehicle capable of traversing the lunar  surface under the d i r e c t  control  
of on-board crew members or  by remote control  frm the Mission Control Center 
(PICC) a t  the Manned Spacecraft Center. It has the capabil i ty of supporting two 
astronauts fo r  a two-week mission period with allowance f o r  survival under emer- 
gency conditions f o r  an addit ional week. 

The MOLAB preliminary design tha t  evolved during the study makes substant ia l  use 
of developed Apollo components, especially i n  the environmental control, l i f e  
support, and a s t r t on ic  subsystems. I n  addition, a design goal was the applica- 
t ion  of s ta te-of- the-ar t  design technique and incorporation of developed design 
features. A s  a result of the above approach, a minimum of developmental e f f o r t  
i s  required t o  support the  MOLAB development program. 

MOLAB - BOEING MODEL 944-004 



The baseline MOLAB mission plan requires a Saturn V launch of the MOLAB payload 
a s  par t  of an Apollo-IEM Truck spacecraft through Earth parking orb i t  i n to  a 
lunar t ransfer  traJectory.  From t h i s  point, the Apollo Service Module provides 
propulsion f o r  inject ion in to  a lunar parking orb i t .  The MOLAB-IEM Truck is  
separated from the Apollo CSM i n  lunar orb i t  and descends i n  an automated un- 
manned mode t o  a sof t  landing a t  the selected lunar landing s i t e .  The Command 
Module C r e w ,  while i n  lunar orb i t ,  monitors the MOLAB landing, performs 
reconnaissance and then, following a normal Apollo mission prof i le ,  returns t o  
Earth. 

After landing, MOLAB systems are activated and the vehicle i s  unloaded f roan  the 
LEN Truck by remote cawnand. Unloading may be accomplirshed i n  e i t he r  s forward 
or aft direction re la t ive  t o  the MOLAB vehicle depending on the nature of the 
s i t e  as  established through evaluation of TV imagery transmitted back t o  the 
KC. During the unloading and parking operation, M O W  subsystem operation is  
monitored through telemetry and evaluated a t  the MCC t o  verify system readiness. 
After unloading, the vehicle is  parked and i t s  subsystems are  deactivated in to  
a dormant storage mode f o r  periods up t o  six months. 

Prior t o  the launch of the M O W  crew in a standard ~pollo/LEM lunar landing 
spacecraft configuration, the  M O W  is activated frm i ts  storage condition and 
a l l  subsystems are  exercised and evaluated f o r  operational readiness. Following 
arrival of the S M ,  which lands naninally within two kilometers of the  M O W ,  
the M O W  i s  directed t o  rendezvous with the IZM by remote control  from the MCC. 
After rendezvous, the crew enters  the MOW, perfurms engineering checkout of the  
vehicle and i ts subsystems and prepares t o  start the s c i en t i f i c  and exploration 
phases of the mission. 

The baseline mission plan c a l l s  f o r  nine Earth days of lunar daylight operation 
followed by five Earth days of lunar night operation. Sc ien t i f ic  a c t i v i t y  
involves emplacement of instrusrents at the MaLAB landing site and both day and 
night traverses with stops f o r  observation, s c i en t i f i c  measurements and gather- 
ing of specimens. Alternate mission including extremes of all lunar day ogera- 
t ion or  a l l  lunar night operations a l so  be undertaken, 

A t  the completion of the two-week period, the PilCXLAB re turns  t o  the IEM, and the 
crew departs in LEN, following a normal Apollo mission prof i le ,  

2.0 s m  c o r n  smmmon AND IIgsICa 

!5e approach taken in the se l sc t icn  of a MaLAB concept for preliminary derign 
deve lomnt  r e f l ec t s  the Importance attached t o  tha mobility aspects of t o t a l  
system performance. This approach i r  diagranmd in lbgttre 2.1-1. 

Ihe review of existing concepts wae addreorred chief ly  t o  the capa r i aon  and 
evaluation of mobflity or locanotian concepts. Although track c m f ~ a t i c x m ,  
walking devices, screw machine and multi-wheeled devlcee are all acknowledged 
as  locanotian concepts, the r e l e c t i m  ma quickly narrowed dawn t o  wheel type8 



M O L A B  C O N C E P T  S E L E C T I O N  

nwlm OF 
MOBILITY CONCEPTS 

72-ELEMENI 
CONCEPT MATRIX 

SUDING 4 MOBILITY CONFIGURATIONS 
3 CABIN CONFlGURlrJlONS 

KIIiSYSTEM 
WALKING 

6 STEERING CONFIGURATIONS 

15 CANDIDATE 
CONCEPTS 

-1 CONCEPnJAL 1 

/ '-. 
3 CANDIDATE 
CONCEPTS 

EVALUATION 

SELECTED MISSION SUCCESS 
CONCEPT 

POTENTIAL 
SAFETY 

FIGURE 2.1-1 

F ~ F - 4  07 considertttion of probable lunar surface characteristics and an assess- 
merit: ly f  p 7 e r  requiremerrts and the hos t i l i ty  of the lunar environment t o  compli- 
m q t p ?  l inkwes and sliding mechanisms. 

:!hepi t y p e s  w e r e  then evaluated, md based on the i r  significant draw-bar-pull-to 
we? xht (W/W ) advantage i n  granular so i l s ,  f lexible wheels were selected i n  pre- 
ference t o  r ig id  types. Since the DP/W ra t io  i s  only s l ight ly improved i n  soft  
,;rsnular so i l s  by adding more wheels, only 4- and &wheeled concepts were con- 
f imred snd analyzed. 

To consider t o t a l  EIOLAB configuration approaches, a 72-element mutrlx was de- 
fined tha t  combined three general types of cabin configuration (horizontal 
cylinder, ver t ica l  cylinder, and rec tmqphr) ,  s i x  vehiele steering arrangements 
(single and double Ackenaann, articulated and wagon) with each of four mobility 
configuration candidates (4-wheeled r ig id  and articulated, 6-wheeled semi- 
articulated and B-~hceled fully articulated vehicles.) P r e l b l m r y  scree- of 
the matrix fo r  internal contradictions, sys t~m complexity, and relat ive mass 
resulted i n  15  feasible MOLAB concepts. 

An i t e r s t ive  process of conceptual design and waluation was the f ina l  step i n  
crsncept selectinn. A uniform set, of preliminary subsystem ground rules was 
formulated t o  help ensure tha t  differences i n  evaluation parameters between the 
various configurations were representative of the concepts themselves, rather 
than the particular designs prepared i n  t h i s  study, In the f i r s t  i terat ion,  the 
1 5  candidates were reduced t o  three on the basis of mass and system integration 
complexity evaluations. The choice of a selected concept resulted from a second 
i terat ion,  w i t h  more detailed design definition of the three f i n a l  candidates 
and refined evaluations of mission success and crew safety potential. 

This second i te ra t ion  included a fa i lure  mode analysis considering wheel drive 
fai lure,  which indicated an advantage of the 6 x 6 mobility concepts. The ad- 
vantages of the 6 x 6 articulated mobility concepts were further supported by 
assessing the obstacle crossing performance and locomotion efficiency i n  soft ,  
undulating terrain. 

The selected concept was a 6-wheeled semiarticulated vehicle with a horizontal 
cylindrical csbin. 



2.2 DEVELOPMENT OF SYSTEM DESIGN 

The approach taken i n  System Design was one of successive i t e r a t i on  through the 
sequence of requir-nts definit ion,  design formulations and perfonnsnce assess- 
ment, as i l l u s t r a t ed  in Figure 2.2-1. 

D E V E L O P M E N T  OF S Y S T E M  D E S  IGN 

& ANALY S l S 

CREW YFEW 1: FAILURE MODE ANALYSIS I 

SYSTEM 

SPECIFICATION 

OPERATIONAL SEQUENCE 
&PROCEDURES 
DEVELOPMEHI OPERATlONAL 

FIGURE 2.2-1 

Ihe mission operations analysis t ask  was directed a t  the  first and last of these 
considerations. Beginning w i t h  the formulation of a baseline M U  mission jProon 
the system and mission r e s t r a in t s  and guidelines, i n i t i a l  system and subsystem 
design and performance requirements were established through system functional 
analysis. As the  design def ini t ion progressed, the system perfonnance assess- 
ment e f f o r t  prodded guidance f o r  design optimization. In addition, baseline 
MOLAB perfarmance data influenced the updating of mission analysis work and the 
study of mission variations. 

Continuing baseline mission refinement included the analysis of aperational pro- 
cedures necessary t o  define an operational plan. This work was influenced both 
by the analyais and synthesis of mission objectives and requirements, and by the 
MOM baseline vehicle perfonnance and design character is t ics .  

The 1JnTA.R concept developed i s  a 6-wheeled semiarticulated configuration with a 
4-wheeled Ackerrnann-steered forward uni t  (cabin) which houses the  crew, and a 
?-wheeled aft  i m i t  which supports major equipment items. The two uni t s  a r e  con- 
nectioned by a f lex ib le  frame which provides pi tch and r o l l  freedom, Af't unit 
steering ts accomplished through a hinged joint  a t  the  a f t  end of the  f l ex ib l e  
frame. All s ix  wheels a r e  individually powered and braked. 

The cabin consis ts  of an Inner pressure shell and an outer shell. Passive 
thermal control  is  provided by surface coatings and by insulation between the 
two shel ls .  b t e o r o i d  protection i s  provlded by the ccmbination of the Inner 
and outer she l l s  and the insulation between them. 'Ihe cabin i s  divided in to  a 
crew compartment and an airlock for  crew ingress and egrees. It houses the 
majority of operational subsystem e q u i p n t .  Ihe cabin a l so  provides facilities 
fo r  basic crew functions including food preparation, personal hygiene, sleeping 



and resting, and waste disposa3. 

?he af't unit carries fuel ce l l s ,  cryogenic tanks, core drill e q u i p n t ,  drive 
control electronics and a Lunar Flying Vehicle (LFV). hteoroid  protection is  
provided by individual. shields as required. 

llhis configuration, Boelng Model 944-004, i s  illustrated in  Figure 2.3-1 deploy- 
ed for the operational mode. 

MOLAB - BOEING MODEL 944 - 004 

t DRILL 

REAR 

-I 

I- - 174.0' (4.42 M) 

REAR VI W 

HIGH G A I N  ANTENNA 

R.H. SIDE VIEW 

FIGURE 2.3-1 

The performance sunnnary is shawn i n  Table 2.3-1 and the mass lnnrmsry I n  Tables 
2.3-2 and 2.3-38 

PERFORMANCE SUMMARY 

RANGE (NOMINAL MISSION) 3% K M  (INCL RESERVES) 

DRAWBARBAR PUUIWEIGHT RATIO (K+- 0.5. n - 0.5 C - 32O 1 0.55 

MAXIMUM VEW IPI - WEL COMPACTED SOILS I6 KMIHR. 

- MARIA 9.8 KWHR 

- AT M I N I M U M  TURN RADIUS 10. 8 KWHR 

M I N I M U M  TURNING RADIUS 7.2MlZ3.5FT.) 

STATIC S T A B l L l N  -SIDE SLOPE 420 

- LONGITUDINAL SLOPE 57O 

(i) LOCOMOTION ENERGY - MARIA 0.34 KHL-HR I K M  

- UPLANDS a 39 KW-HRIKM 

@OBSTACLE C A P A B l L l N  - STEP UP I W  C M  1765 IN) 

- CREVICE WIDTH I W  CM (76.5 IN) 

@ AVERAGE STRADDLE HEIGHT- W IDTH 61 C M  X 241 C M  (24 IN X 95 IN) 

@ AT WORST AXLE LOADING 

TABLE 2.3-1 



PAYLOAD MASS SUMMARY 

(KG) (LBMI 

1 CABIN SYSTEM P47 ~20861 

Z MOBILITY ' 8 2 5  

4 ASTRIONICS 

5, SCIENTIFIC EQUIPMENT 

h UNLOADING&TIE-DOWN 

7. LUNAR FLYING VEHICLE (DRY) 
L SUPPORT EQUIPMENT 

I MOUB EXPENDABLES 

A W FOR ITERATED GROSS WEIGHTO n 11701 -- 
TOTAL PAYLOAD MASS (WET) @ 3525 (77661 

TARGn 2WI1 (6MO) 

a TO ADJUST GROSS WEIGHT SENSITIVE 
SUBSYSTEMS TO ACTUAL VEHICLE MASS. 

@ M O U B  WET, LFV DRY 

TABLE 2.3-2 

OPERATIONAL MASS SUMMARY 

TOTAL PAYLOAD MASS 
(LESS LFV FUEU 

W FUEL 

TOTAL MOLABILFV MASS 

SCIENTIFIC E~UIPMENI EXCLUDEDQ 

DEPLOYMENT & TIE-DOWN SYSTEM EXCLUDED 

TOTAL UNMANNED VEHICLE AT DEPLOYMENT 

SUITED CREW WITH BACKPACKS 

SPARE PRESSURE SUITS @ 
FOOD @ 
HYDROGEN BOIL-OFF a 

TOTAL MOLAB MASS AT START OF LUNAR TRAVERSE 

EQUIPMENT LEfT AT LEMITRUCK LANDING SITE 
CARRIED ABOARD MANNED E M  
AFTER 6 MONTHS STORAGE 

TABLE 2.3-3 

~2 -83001 -1 
Page 8 



3.0 MOLAB DESIGN AlQD m G R A T I O N  

Follawing selection of the MOLAB concept and a selection of baseline subsystem 
concepts, a functional analysis was conducted in order to define system and sub- 
system interfaces and design requirements. This early analysis focused atten- 
tion on the fundamental mission ob3ectives and requirements of the M3LA.B mission, 
and provided the basis for an orderly establishment of specific subsystem crite- 
ria. Additional factors considered in subsystem design evolution included system 
reliability, crew safety, weight, technological risk, cost, simplicity and human 
factors. Major consideration was given to the application of hardware currently 
available or under development, especially that hardware being developed for the 
A p o l l o  and Gemini Programs. 

3.1 DESIGN APPROACH 

3.1.1 System Functional Requirements 

A principal constraint on system design is the specification of the Saturn V 
launch vehicle and a modified ~~ollo/LE~ spacecraft as the lunar surface payload 
delivery system. The spscecraft adapter section of the launch vehicle establishes 
the volumetric packaging constraints. Figure 3.1-1 shows the M3LAB within that 
envelope. 

M O L A B  

LOW G A I N  ANTENN 

REAR CAMERA 

PITCH LIMITER' ' \ I_ SCIENTIFIC K K A M  

MOLAB - BOElNG MOML W-004 FRAME (DRILL) STOWeD 

FIGURE 3.1-1 

The modified LETJI descent stage imposes the constraint of permissable mass. fi- 
though the mass target of 2948 kg was not attainable without penalizing the 
mission, system masses were held within range of the capability of the payload 
delivery system. 

Key mission performance constraints include provision for up to six months unat- 
tended storage subsequent to delivery and prior to the manned mission; pravleion 
for both manned and unmanned unloading and operation during lunar day and lunar 
night conditions; and the provision for a two-man, 14-day mission characterized 
by traverses of several hundred kilometers with frequent extravehicular astronaut 
activity. 



Specific design and performance constraints established by NASA include the  pro- 
vision for  carrying a Lunar Flylng Vehicle as an auxiliary mobility device; the 
use of Hz-O2 fuel  ce l l s  fo r  primary power generation; and the  provision f o r  a 
340 kg inventory of sc ien t i f ic  equipment, including a 30-meter drill. 

Implicit throughout the design g ~ i d e l i n e s  was the goal t o  provide compatibility 
with the Apollo communications and command and control f a c i l i t i e s ,  and t o  make 
maximum use of Apollo developments wherever possible. 

,4nalysis of the M3LAB mission has led t o  the defini t ion of requirements f o r  each 
phase of the mission. The significant phases are: storage, activation and check- 
out, remote d r i v i w  and manned operation. Vithin these phases, the following 
paragraphs describe significant, functional sub-phase considerations. 

Table 3.1-1 sunnnerizes the c r i t i c a l  performance requirements f o r  survival i n  the 
lunar environment during the lunar storage period. Specific functions a re  identi-  
f ied that are  pertinent t o  the subsystem definit ion and the specific requirements 
identified. Control of equipment temperature, protection against damage by mete- 
oroids, maintenance of minimal internal  atmospheric pressure and long term cryo- 
genic storage are  key functions required during the 6-month storage period t o  
prevent degradation of the MOLAB and i t s  a b i l i t y  t o  perform the planned mission. 

C R  I T I C A L  P E R F O R M A N C E  R E Q U I R E M E N T S  
S U R V I V E  L U N A R  E N V I R O N M E N T  

STORAGE 

BAS I S  FOR REQUIREMENT 

RMUl~EM~NTS 

FUNCTION 
PROVlDC TEMP 
'ONIRoL 

PROV lDE 
MfTFOROID 
PROTECT ION 

PROVIDE I CRYOGENIC TANKS 6 MONTHS STORAGE I I MOLAB MISSION PLAN 
LONG TERM UNDER LUNAR SURFACE 
CRYOGENIC CONDITIONS 

PROVIDE 
C A B I N  
PRESSURE 

STORAGE I 

MECHANI fAT ION 
HEAT FROM RPU 
ACTIVE ECS 
C O O U N G  SYSTEM 
PASSIVE THERMAL 
CONTROL 

METEOROID SHIEU) 
PLIJS PRESSLJRE SHELL 

TABLE 3.1-1 

RFQU IREMENT 
ELECTRONICS ( I ~ ~ ~ F ) - ~ ~ I O ~ F )  
FUEL CELL (-40%) - (*250°F) 

ECS SUBSYSTEM 

Table 3.1-2 summarizes the c r i t i c a l  performance requirements f o r  ver if icat ion of 
system readiness. Measurement of subsystem status,  conversion and proceseing of 
data, dmnlink communication, decoding and routing of conanande are  key f'unctions 
i n  the ver i f ica t ion  sequence. 

BATTERY ~ 4 0 "  t)-(+!ZOO F) 

99% PROBABILITY OF 
SIIRVIVAL WITH 
80% CONFIDENCE 

ANNEX H OF SOW AS 
MODIFIED BY M O M 0  
NOTES 9 AND II. 

0.2 PSIA EFFECT OF L O N G  TERM HARD 
VACUUM O N  MATERIALS 

AVOID CORONA DISCHARGE 



C R I T I C A L  P E R F O R M A N C E  R E Q U I R E M E N T S  

V E R  I F Y  S Y S T E M  R E A D I N E S S  

TABLE 3.1-2 

FUNCTION 

MEASURE 

CONVERT & 
PROCESS 
DATA 

DOWNLINK 
COMMUNI - 
CATION 

DECODE 
& ROUT€ 
COMMANDS 

Remote driving of the M3LAB i s  accomplished through control of the mobility sub- 
systems from the Mlssion Control Center. Cr i t ica l  functions imolved i n  remote 
controlled closure of the WLAB on the LEM include: sensing of obstacles; deter- 
mination of azimuth; darnlink cormrmnication; and decoding, routing, and execution 
of velocity and heading commands. The resulting c r i t i c a l  performsncc require- 
ments are shown i n  Table 3.1-3. 

C R  I T l C A L  P E R F O R M A N C E  R E Q U I R E M E N T S  
R E M O T E  D R I V I N G  - C L O S U R E  ON L E M  

MECHAN17AT ION 

TRANSDUCEkS A N D  
SIGNAL 
CONDITIONEK~ 

K M T E  SUBSYSTEM 

S-BAND WITH 

~ ~ ~ ~ ~ ~ , " " L  

COMMAND A N D  
CONTROL SllBSYSTEM 

TABLE 3.1-3 

REQUIREMENT 
OUTPLJTS - 0-40 MV, 0-5V 
UlClTAL - PAKALLFL 8 SERIAL 

51.2 KB/SEC DATA RATE 
(24 KB,/SEC RQMT 
IDENTIFIED) 

500 KC 

3 LEVFLS OF 
VER!FI~ATION 

Cri t ica l  functions identified f o r  the provision of habitable environment are: 
conditioning of cabin atmosphere, pruvision of pressure su i t  atmosphere, passive' 
temperature control of cabin, and meteoroid protection. Table 3.1-4 l i s t e  the 
c r i t i c a l  performance requirements established from the f'unctlonal analysis. 

B A 5 l  S FOR REQUIREMENTS 

COMPATIBILITY WlTH 
TELEMETRY SUBSYSTEM 

VOLUME OF DATA 
REO~IIRED PLUS GROWTH 
(BASED O N  MANNED 

s OPERATION) 

TV-TM MULTIPLEX 

MINIMIZE HAZARDS 
FROM COMMAND ERROR 

FUNCTION 

ZENSE 
OBSTACLES 

DETERMINE 
POSIT ION 
AND AZIMUTH 

DOV\'NLINK 
COMMUNI - 
CATION 
VELOC IT'f 
& HEADING 

AND 
ROUTE CMMDS 

EXECUTE 
C O M A N D S  

MECHANIZATION 

TV 

DSlF TRACKING 

DEAD RECKONING 

VHF RDF 
SEARCH TV-STAR 

DIRECTIONAL ANT 
w l r H  s-BAND 

C6C SUBSYSTEM 

CLOSED LOOP 
DRIVE CONTROLLER 
SUBSYSTEM 

REQUIREMEN 
DETECT AT \OM 
0.25 M. BUMPS 
I.OM tlOLES 

INITIAL POSITION 
~ X X B O O M .  
ACCURACY 1.056 

2.0 K M  RANGE 
11.0 DEGREES 

MO KC 

CONFIRM BY 
PERFECT SUB-BIT 
MATCH 

MINIMIZE DELAY 
CORRECTING 
PERTURBATIONS 

B A S I S  FOR REQUIREMEW 
SAFE STOPS AT 5.0 KM/HR. 

AVAILABLE WITH RANGE CODE 

ACCURACY REQD FOR 
MANNED TRAVERSE 

ADEQUATE FOR FINAL CLOSURE 
ADEQUATE FOR 10 K M  TRAVERSE 

N RESOLUTION 
N - T M  MULTIPLEX 

RISK REDUCTION 

6.0 SEC. I O T A 1  2 WAY 
RESPONSE TIME 



CR I T I C A L  P E R F O R M A N C E  R E Q U I R E M E N T S  
P R O V I D E  H A B I T A B L E  E N V I R O N M E N T  

TABLE 3.1-4 

The function of the MOLAB mobility system i s  t o  provide a mobile platform capa- 
ble of negotiating the postulated soils,  slopes, and obstalces i n  the lunar en- 
vironment with naxirmrm safety and without undue discomfort t o  the crew o r  damage 
t o  the equipment. The evaluation of mobility performance i n  soft  so i l s  was based 
on analytical and experimental methods developed by Dr. M. G. Bekker of GM DRL 
fo r  the purpose of evaluating vehicle/terrain systems i n  off -the-road locomotion. 
Mobility analyses were based on the requirements defined by surface characteris- 
t i c s  described i n  Annex A, Engineering Lunar Model Surface (ELMS), and Annex G, 
Obstacle Criteria, of the Statement of Work. 

FUNCTION 

PROVIDE 
CONDlT IONED 
C A B I N  
ATMOSPHERE 
PROV lDE 
PRESSURE SUIT  
ATMOSPHERE 
PROV 1 DE 
PASS WE 
TEMPERATURE 
CONTROL 

PROVIDE 
METEOROID 

PROTECTION 

3.1.2 Subsystem Design Development 

MECHANIZATION 

ECS SUBSYSTEM 

SUIT LOOP 

ECS SUBSYSTEM 

PROTECTIVE 
COATINGS 
INSULATION 

METEOROID 
SHIELD PWS 
PRESSURE SHELL 

REQUIREMENT 

75 ? 10" F TEMP 

5.0 PSI WRE Q 
'02 P'P mm 

REL. HUMID 50% ' 20% 

SAME AS CABIN 

75.2 F TEMP 

SURVIVE ENVT 
SPECIFIED I N  
ANNEX H OF SOW 
AND MOLAB NOTES 
9 AND II 

The general approach f o r  integrating the subsystem design into the w e r a l l  system 
design i s  depicted i n  Figure 3.1-2. A s  discussed i n  previous paragraphs, sub- 
system restraints  and guidelines were delineated and analyzed through a complete 
system functional analysis i n  conjuction with the developent of the general con- 
figuration of the vehicle. Tasks were identified and defined as  the basic trade 
studies necessary t o  define detailed subsystem requirements. Msximum application 
was made of study reports i n  a l l i ed  areas made available by IVASA. Also, an in- 
formal data exchange was established w i t h  MSFC special is ts  t o  permit MSF'C par- 
ticipation i n  trade study reviews. A s  the trade studies evolved, conceptual sub- 
system requirements and designs were developed. 

BASIS  FOR REQUIREMENT 

CREW METABOLIC REOTS 
AND COMFORT 

MINIMIZE LEAK RATE AND 
CABIN 6. TANKAGE WEIGHT 

PROVIDE FOR PRESSURE 
SUIT OPERATION WITHOUT 
PORTABLE L. 5.5. 

MINIMIZE ECS COOLING 
SUBSYSTEM WEIGHT 

BASED ON STORAGE 
PERIOD REQUIREMENTS 



S U B S Y S T E M  DESIGN 

I . -. GROUND . - - - -- RULES - - 4 
G N  8 REQUIREMENTS 

REPORTS 
I N  ALLIED 

CONCEPTUAL 
SIJBSYSTEM 

DESIGN 

DESIGN 

DOCUMENTS 

I STUDIES TRADE AND 
I I ANALYSIS 

DOCUMENTS 

FIGURE 3.1-2 

3.2 CABTN SYSTEMS 

3.2.1 MOLAB Structure 

The WLAB structure as discussed in this section includes the primary and second- 
ary structure of the forward unit cabin and associated equipment supports and the 
aft unit structure above the chassis frame. 

The primary function of the cabin structural system is to: contain the necessary 
atmosphere for the crew, provide insulation against both heat and cold, support 
internal and external equipment, transmit loads from the mobility system into the 
cabin structure, provide continuity of structure during transit to and for land- 
ing on the lunar surface, prwide means for egress and ingress, and provide vi- 
sion for the crew. The primry function of the aft unit structure is to provide 
support for the equipment and attachment to the mobility system. The structure 
is designed to satisfy the specific requirements of thermal and meteoroid pro- 
tection, pressure, vibration, and loads resulting fwnn launch, midcourse correc- 
tion, lunar landing, and lunar surface traverse accelerations. 

3.2.1.1 Studies 

The development of the structural configuration resulted from design layout and 
analytical studies. The analytical studiee were primarily concerned with: deri- 
vation of detail structural criteria; stress and thermal analyses on the cabin 
pressurized shell, insulation and exterior skin, and typical attachments for equip- 
ment and the mobility subsystem; dynamic analyses to detelrmine response spectral 
densities; radiation analyses for local shielding requirements; and evaluation 
and selection of structural materials. 

:?eight trade layouts and analyses were made on such specific items as windows, 
hatches, bulkhead location, and attachments to interfacing subsystems, particu- 
larly the mobility and tie-dm subsystems. 



3.2.1.2 Structure Description 

The cabin portion of the forward unit, Figure 3.2-1, is a two-compartment hori- 
zontal cylinder with e l l i p t i c a l  dome ends. It is the pressure vessel within 
which the astronauts operate i n  a s h i r t  sleeve emironment. The cabin wall 
structure consists of a primary pressure shel l  outeide of which are layers of 
glasswool and superinsulation and an outer non-structural shell. Passive thermal 
control is  provided by an outer surface coating with a low absorptance to emit- 
tance ra t io  and the superinsulation. Meteoroid protection i s  afforded by the outer, 
thin "bunper", the glasswool f i l l e d  space and the inner pressure shell. 

CAB I N  STRUCTURE 
DOCKING ADAPTER 

INNER PRESSURE SHEU 

AFT TIEDOWN & 
AFT MOMUTY CWSSIS 
*TTACHMENT FRAME 

FORWARD T im 

FIGURE 3.2-1 

The MOLAB cabin contains approximately 8.2 cubic meters (290 cubic f ee t )  total 
internal volume and is arranged with a f l a t  bulkhead sepasating the crew c a p a r t -  
ment and airlock. The airlock located a t  the aft end of the horizontal cylinder 
consists of approximately 2.26 cubic meters (80 cubic feet) .  Ihe main entry 
hatch is  located i n  the af't end dome and an emergency hatch is  located In  the 
forward end dark?. 

The cylindrical shell ,  end daanes, c i r c ~ e r e n t i a l  rings for  dam and airlock 
bulkhead attachment, hatch and window reinforcement, and local  hard polnt attach- 
a n t s  constitute a 2219 aluminum pressure section. The airlock bulkhead is of 
honeycab construction and is located to distribute part of the docking adapter 
loads t o  the shell structure. The hatch i n  the airlock bulkhead i s  silicone and 
rubber impregnated dacron cloth, w i t h  an environmental-barrier type zipper molded 
t o  shape. 

The aft unit  structure, Figure 3.2-2, is  a lightweight f l a t  bed chassis.f'rsme 
with a center t russ  t o  which is attached the radiator support beams. Tubular 
elements provide lateral support t o  the vert ical  truss and the hydrogen tank. 

~2 -83001 -1 
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AFT UNIT STRUCTURE 

FIGURE 3.2-2 

The structural subsystem w i l l  not require additional basic research. Routine de- 
sign and t e s t  development w i l l  generally be required; specifically, however, 
emphasis on hatch and seal, lubrication and mechanisms, and thermal coatings w i l l  
be necessary. Instigation of development on these specific items prior  t o  the 
hardware acquisition phase would improve the coniidence of producing structure 
w i th  integrity a t  minim cost and mass, 

3.2.2 Cabin Arrangement and Crew Accomnodations 

The MOLAB cabin, which includes the crew accommodation pmvisions, l i f e  support 
system, and subsystem components, is arranged t o  provide fo r  nwsimum ut i l iza t ion  
of the available space and volume?. To accomplish an optimum cdbin ammgement, 
the major guidelines considered were minimum space requirements f o r  crew seats  
and restraints ;  redundant usage of space, work areas, and equipment; and close 
proximity of related or interdependent subsystem components, 

The primary objective i n  the design and arrangement of the cabin irrterior was f o r  
shirt-sleeve operation with the pressure suited requirements as an emergency mode 
only. 

Restraint and support is  required a t  both seats t o  support the crewman during the  
lunar traverse mneuvers and provide adequate protection against the acceleration 
vectors. 

3.2.2.1 Studies 

Cabin in ter ior  configuration and arrangement studies, which included various 
sizes and shapes of airlocks, location of m J o r  components, and sizes, shapes, . 
and location of hatches, were accompllahed. Using a full scale wooden mockup, 
ingress, egress and compartment in ter ior  srre~ngement evaluations were conducted 
w i t h  subject i n  shirt-sleeve and i n  pressurized spacesuits. 



Design studies of various seating a r r a n g e ~ n t s  and seat / res t ra int  configurations 
were performed before the seat  and harness concept was determined t o  be accept- 
able. Conventional fixed seats  do not permit an e f f i c i en t  use of the l imited 
cabin volume because of the space they require. 

3.2.2.2 Description 

The airlock w i l l  accommodate two cramen i n  pressure suits and portable life 
si~ppi,rt systems and provides, i n  an emergency mode, suff ic ient  free space t o  
Fi l low both crewmen t o  don t h e i r  pressure su i t s .  The crew comprtment incorpor- 
a tes  side-by-side seating with the  driving s ta t ion  and command console on the  
l e f t  side and observer's s ta t ion  on the r ight .  

The two crew members are supported and restrained at t h e i r  primary duty s ta t fons 
by d u a l  r e s t r a in t  s t raps  ins ta l led  a t  each crew posit ion between f loor  and c e i l -  
ing i n  a manner t o  provide back support a t  an angle of approximately 0.17 radians 
(10 degrees). Lap be l t s  and shoulder harnesses a re  attached f o r  body r e s t r a in t .  
A fabr ic  material or net t ing i s  sewn between each s e t  of harnesses and w i l l  con- 
form t o  the back contour. The incorporation of a r i g i d  seat with the harness 
system proddes  a sea t  which can be used w i t h  or  without the body r e s t r a i n t  s t raps .  
When using the sea t  without body res t ra in t ,  the crewman is  able t o  lean forward 
and t o  the side or  stand easi ly .  Seat adjustment t o  accoomnodate from a 5th t o  a, 
95th percenti le man is provided a t  the MOLAB driver's position only. 

The harness system concept was selected i n  preference t o  a conventional s ea t  t o  
reduce weight and for  more e f f i c i e n t  u t i l i za t ion  of space. With the use of 
quick disconnect type f i t t i ngs ,  the MOLAB driver ' s  harness system may be removed 
and the seat  pan rotated t o  i t s  stowed position. This space is then made ava i l -  
able fo r  standing, donning or  doffing su i t s ,  access t o  surrounding equipnent, or 
for stowing equipment. 

The r igh t  side of the cabin, Figure 3.2-3, includes the observer's s ta t ion  with 
a worktable located i n  f ron t  of the crewman's seat .  The observer's s ea t  is  p r i -  
marily a cabinet In which the urine storage tank, personal equipmnt, tape re -  
corder, and fi lm storage are  located. Provision8 fo r  the ins ta l la t ion  of the  
periscopic sextant are  i n  the cei l ing between the crewmen. The sextant w i l l  
nonnally be stowed elsewhere when not i n  use. Other cabinets and subsystem equip- 
ment such a s  communications, power dis t r ibut ion uni t ,  and sc i en t i f i c  equipnent 
storage are located on the side w a l l  t o  allow maximMl usable floor areas. A f o l d -  
dawn seat  which is a l so  used as a t o i l e t  f a c i l i t y  is ins ta l led  on the s ide w a l l .  
The sleeping accanrmodations are two stowable hammocks which are Insta l led,  ex- 
tending through the center bulkhead hatchway. 

The l e f t  side of the cabin, Figure 3.2-4, includes the dr iver ' s  s ta t ion  with d i s -  
play and control panels arranged d i rec t ly  forward of the seated position. The 
manual driving controller i s  positioned on the left-hand console a t  normal arm- 
r e s t  height and location. The environmental control  system, which Includes, f o r  
emergency use, several manually operated controls, is located behind the left  
console t o  keep the lengths of control  runs t o  a minimum. Pie storage srea be- 
hind the dr iver ' s  s ta t ion  a l so  includes the reserve water tank, a cabinet f o r  
stowing the folded spare pressure suit a f t e r  each drying, the two portable lire 
support systems, and the coordinate heading platform. A folding sea t  is  provided 
i n  the airlock fo r  use when donning a pressure suit. 



CAB I N  INTERIOR ARRANGEMENT 

FIGURE 3.2-3 



3.2.3 Vision Capabilities 

External vlsion provisions include a driver 's window, an observer's port and 
vision ports on the left-hand side, right-hand side and rear of the cabin. A 
viewing port is  also provided in the airlock bulkhead. 

3.2.3.1 Studies 

Studies conducted investigated window sizes and locations, and considered ap- 
proaches such as  f ibe r  optic viewing ports and multiple lens optic systems. From 
the standpoint of weight, complexity, mteoroid protection, t h e m 1  effects,  l igh t  
transmission and f i e ld  of view, the configuration described i n  3.2.3.2 below was 
chosen. 

3.2.3.2 Description 

The driver's window is 0.41 meter (16 inches) in  diameter and i s  recessed in a 
conical s t ructural  section i n  the forward dome. Front the normal eye position, 
a 0.68 radian (40 degree) conical f i e l d  of view is available. Ihe observer ' s 
window is a 10 cm (4.0 Inch) dianreter viewing port located forward of the 
observer and provides a view from the seated position. moving the eye 
closer up, down or t o  the side, the t o t a l  viewing angle for  ei ther  window is 
increased. Side and rear  vision is obtained by the use of similar viewing 
ports located on each side of the crew campartment and in  the aft dome above 
the main hatch. 

The window8 and viewing ports are designed as multipgne assemblies w i t h  a fused 
s i l i c a  glass outer panel fo r  meteoroid shielding and the- insulation, and 
laminated inner panes of fully-tempered alumino-silicate glass. me inner Ismi- 
nated panes are pressure sealed such tha t  a positive seal  is maintained if 
ei ther  of the laminates i s  broken. Far the viewing port assemblies, tha t  segment 
of the tubular housing extending outside the cabin pressure shel l  wi l l  be of 
non-metallic material t o  reduce conduction of heat. 

During the storage period and when external vlsion is not required, the viewing 
ports and windows w i l l  be covered with external manually removable plug-type 
covers. 

3.2.4 Displays and Controls 

Essential d i s p l w  and controls are segregated according t o  f'unction, and 
presented t o  the driver t o  allow complete M O M  operation by one astronaut. 
Priori ty of display and control location i s  determined by apace availabili ty,  
f'unctiond reach, vision and multiple crew use. The -el lighting concept 
u t i l i zes  flood lights w i t h  lndividusl l ights  for  push button switch function 
and malfunction indications. The television m o n i t o r ,  ccmnmmications panels, 
and camera control8 are located between the driver and observer t o  provide 
access t o  both crew members. 

3.2.4.1 Studies 

Evaluation was made to  determine the degree of override control required on the 
d i s p b  and control panels based on subsystem fa i lure  modes and effec ts  
analyses. The panel configuration i s  conservative in display and switching 
function provisions as redundancy is provided by telemetry and Earth control 
on all subsystems. 



3.2.4.2 Description 

Display and control priorities have established a grouping conce t under the gen- 
eral headings of navigation and guidance, locarnotion (or driving , cannrmnica- 
tions, environmental cantrol, and electrical power. 

P 
Navigation and guidance displays and controls have been located above, below and 
to the left of the driver's window to provide an easy means of relating such 
data wlth the external terrain. These include the guidance alignment and navi- 
gation control panels on the lower forward console, the combined directional 
gyro/RDF displays on the upper forward console and the velocity and elapsed time 
indicators on the forwaxd instrument panel. 

The primary environmental control and electrical power displays and controls have 
been located in an operational format to maintain interface relationship of sub- 
systems and provide ready access for override control under out-of-tolerance 
operating conditions. 

Driving controls have been located fonrard of the manual drive controller for 
ease of access to control functions and for display of turn indication near the 
driver ' s window. 
The manual drive controller, located at the MOLAB driver's left hand, incorporates 
power, brakes, and turn control functions as well as switching operations for 
reverse and skid steering. Actuation of the skid steering switch provides 
emergency steering by applying brakes to all wheels on one side of the vehicle 
and power applied to all wheels on the opposite side. 

Multiple selection displays have been incorporated in the interest of weight 
saving and panel space econamy. Lighted push-buttons for timed aperational se- 
quencing have been used and due to their recessed nature eliminate inadvertent 
operation. 

3.2.5 Environmental Control Subsystem 

The environmental control subsystem provides atmosphere control and thermal. con- 
trol for the cabin and thermal control for elements of the aft unit. 

Cabin ECS 

A 100 percent pure oxygen atmosphere is controlled to a ncaninal pressure of 
3.45 N/& abs (5.0 psis) mulng the manned mode of operation except that during 
airlock de ressurization the crew compartment pressure does not exceed 5.03 
Il/cm2 abs 77.3 psis). A nominal pressure of 0.138 ll/cn2 abs (0.2 psis) is main- 
tained in the cabin during the storage mode. It is anticipated that long term 
storage ( 6  months) at a low pressure of 0.138 I?/cm2 abs (0.2 psia) will: 

. Prevent long term material degradation which might result fram such exposure 
to a hard vacuum. . Give greater latitude in material selection. . Ease the problem of qualification testing for storage. . Permit greater utilization of Apollo components. 

D2-83001-1. 
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2 Carbon dfoxj d~ n a r t i a l  pressure i s  maintained below 0.107 ~ / c m  abs (8.0 mm Hp: 
~.bsolute)  while the re la t ive  hwnidity i n  the  cabin i s  controlled t o  50: 20%. 
Trace cnntaminants e re  maintained at safe levels. These safe levels  a r e  tenta- 
t tve ly  s e t  fo r  esrh contaminant a t  one-fif%h of indus t r ia l  threshold l imi t  
vnlues. 

The cabin t h e m 1  control  element maintains the  cabin atmosphere temperature 
between ?9?% md 303% ( 5 2 9 ~  and 545%) durinf the  manned mode of operation. 
Equipment tcnrperature i s  maintained between 278 K and 333O~ (500°~ and 6 0 0 ~ ~ )  
during both the stnmge and manned modes. 

A f t  Unit Thermal Control 

During f u e l  c e l l  operation: 

. A f l u i d  coolant i s  provided t o  maintain required f u e l  c e l l  temperatures below 
3t16~1t ( 6 6 0 " ~ )  . 

, Fuel c e l l  reactants temperature are controlled within 25'j0K and 366% 
(4t30'J~ and 66O0I3). . A heat exchanger i s  provided with temperature capabi l i ty  f o r  condensing and 
collecting water from the f u e l  ce l l .  The drive controller-inverter tempera- 
tu re  is  maintained between 278'~ and 333% ( ' j O O O ~  and 60003) during operation. 

Teaperatures within the f u e l  cell-drive control ler  compartment is  maintained 
within 249% t o  366*~  (MOOR t o  660'~) during the  storage moae. 

Due t o  extreme temperatures of the  lunm environment, emphasis was placed on 
de tennin~t ion  of the  heat t ransfer  through the  cabin walls. A thermal analysis 
conducted on the  cabin configuration, using R specially programed computer, de- 
termined the heat f lux  through a l l  known cabin penetrations and s t ructure  and 
conrponent slrpports. The t o t a l  heat flux as well as the cumulative transferred 
heqt for the  vehicle p a r ~ l l e l  t o  the  e c l i ~ t i c  plane and facing eas t  is shown on 
Figure 3.2-5. Except f o r  solar  mdia t ion  transmitted through the  forward win- 
dow, the r e su l t s  a re  not s ignif icant ly  different f o r  other vehicle orientations.  

The analysis assumed the vehicle i s  located with a 0.192 radian (11') h i l l  on 
e i t h e r  side of the vehicle. Further analysis m u l d  be required to determine the  
heat f l ux  i f  other lunar t e r r a i n  conditions a r e  assmed. The in te rna l  cabin 
w a l l  temperatures ranged from 288% (518'~) a t  lunar night t o  300 '~ ( 5 4 0 ~ ~ )  
during the lunar noon period with normal hea t i  and cooling except the  inner 
window surface temperature which was 2760~ (49 7 R) during the  lunar night. The 
steady s t a t e  in te rna l  temperature dmpped t o  104% (18T0R) without heating during 
the  lunar night, and rose t o  317% (571°~) without cooling during the  lunar dey. 
The analysis revealed t h a t  only 15 watts cooling was required during the lunar 
day and 114 watts heating during the lunar night to  maintain a 297% (+75'~) 
cabin temperature during the manned operation mode. 

I n  addition t o  the cabin heat leak, the  nonaal mode of operation i s  characterized 
by v a r i o u  degrees of ac t iv i ty  of the  crew and various r a t e s  of power usage which 
combine with the  external thermal conditions t o  create a wide var ia t ion  i n  heat  
loads f o r  the  ECS to manage. A fur ther  capabi l i ty  which greatly exceeds other  
space vehicle requirements is  the conservation of oxygen during a great number of 



entries and egresses from the vehicle. As indicated by the ac t iv i ty  profile, 36 
depressurizations of the airlock are required. 

In contrast with the C ~ m i n i  and Apollo systems, the daminant mode of ac t iv i ty  of 
the crew w i l l  be i n  a shirt-sleeve environment rather than i n  pressurized suits. 
Only during extravehicular ac t iv i t i e s  and emergencies w i l l  the Apollo sui te  be 
used. Therefore, an eff icient  ECS f o r  both shirt-sleeve and suited operation is 
required. 

Because of the relationship of the MDLAB Program t o  the Apollo and LEM Programs, 
a m a x i m  use of Apollo and LEM components i s  desired. New components, or  modi- 
f ied Apollo components, are employed only where snalysis showed significant 
weight savings could be achiwed. Over 50 percent of the ECS components are 
existing Apollo units. 

C A B  I N  W A L L  H E A T  F L U X  
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FIGURE 3.2-5 

3.2,5.2 System Description 

A combination of passive and active thermal. control provisions are used t o  main- 
t a in  M3LAB cabin and aFt unit elements within required temperature limits. 

Passive provisions include such items as  insulation, low conductance s tructural  
connections and spectrally selective thermal coatings. These passive prcmisions 
are effectively used t o  reduce the heat transfer r a t e  t o  (or from) temperature 
c r i t i c a l  elements from (or t o  ) the lunar environment. 

The active f lu id  transport c i rcui t  rejects  heat through the horizontal radiators 
plus water boilers when required. Heat i s  added i n  the cabin by the heat t r a m -  
port ci rcui t  by picking up heat radiated Axrm the radioisotope puwer unit by 
means of a radiant heat receiver. A small e lec t r ic  heater prwides heat t o  the 
fue l  cell-drive controller compartment when required. 

Cabin ECS 

The system fo r  providing control of the internal environment of the K)LAB cabin 
is  as  follows: 



. The ouit L m  ~rov ides  the atmosphere ~rocess ing  t o  permit the crew t o  be ---+-Ad presrur ze w ether the cabin is pressurized o r  depressurized. C02, humi- 
dity, and trace contamination control are provided fo r  the cabin as well as  
f n r  spacesuit operation inside the vehicle. Lithium hydroxide has been 
eelected f o r  C02 control because of i ts  simplicity and proven re l iabi l i ty .  

. Cabin Temperature Control i s  provided by a heat exchanger plus an Apollo fan, 
with a redundant heat exchanger-fan provided in  the airlock. The heat ex- 
changers, arranged in  p m d l e l  with the s u i t  heat exchanger, w i l l  also con- 
t r o l  humidity, and w i l l  u t i l i ze  lunar gravity f o r  moisture separation. 

. Cabin Pressure Control u t i l izes  a su i t  demand pressure regulator, a cabin 
demand pressure regulator, and a flood valve. In addition, a remote-control 
shut-off valve md low pressure control valve are inserted i n  the oxygen 
supply line for  the storage mode pressure regulation. Cabin and airlock 
nrsssure re l ie f  valves are provided. 

. Airlock Depressurization is  provided by a small high-speed vane pump which 
pumps HO$ of the airlock oxygen into the crew compartment. Currently avail- 
able pumps operate a t  speeds up t o  20,000 rpm, indicating a striall, l ight- 
weight unit for t h i s  application. 

. The Cabin Fluid Heat Transport Loop ut i l izes  a mixture (approximately eutectic) 
of ethylene glycol and water t o  transfer the s u i t  loop, cabin, and electronic 
heat loads t o  the radiator,  o r  water boi ler  heat sink. An arrangement of 
valves and bypasses also permits simultaneous cabin heating and d e h d d l f  ica- 
t ion for  the lunar night condition. The effects of f lu id  freezing o r  wer -  
heating on the EZS i s  avoided by the use of a radiator area selector valve. 
When cabin heating is required, part of the heat transport f lu id  flow i s  by- 
passed through the isotope heater and on into the cabin heat exchanger. The 
remaining flow passes into the su i t  loop heat exchanger (for  dehumidification) 
and through the electronic system cold plates. Both streams then merge and 
pass through the radiator, o r  a part of it, as determined by the area selector 
valve. 

Af t  Unit Thermal Control 

The aft unit cooling system i s  a separate glycol-water loop Kith a radiator and 
water boiler for  supplementary heat sink. An Apollo dual p q  package and Apollo 
water boiler control elements provide the basis fo r  system design. New compo- 
nents are the fue l  c e l l  water condenser and water boiler, both of which take 
advantage of lunar gravity f o r  phase separation and f lu id  transfer. A small 10- 
watt heater prevents excess i~ely  low fuel  c e l l  and drive controller-inverter 
temperature dur iw lunar night storage periods. 

The temperature controls are s i m i l a r  t o  those of the cabin glycol loop except for  
higher settings consistent v l t h  the fuel  c e l l  requirements. 

3 .?. 6 Life Support 

The l i f e  support elements of crew systems must provide f o r  the needs of the  crew 
in terms of: food, water, waste management, clothing including the extravehicular 
spacesuits, medical and personal hygiene items, and trace contaminant control. . 



3.2.6.1 Analysis 

Representative crew task metabolic rates  based on Earth gravity conditions were 
adjusted t o  the values shwn on Table 3.2-1. The adjustments were made according 
t o  the estimated influence of lunar gravity conditions, spacesuits and the capa- 
b i l i t i e s  of the portable l i f e  support system. 

M E T A B O L I C  R A T E S  

'SLEEP 
OFF DUTY 
SHIRT SLEEVE DUTY (NON DRIVING) 
5UlTED DUTY (NON DR I V l N G l  
DR l V l N G  (SHIRT SIIEVE) 
O R l V l N G  (SUITED) 
DRIV ING (SUITED, PRESSUR IZEDl 
EXTRAVEHICULAR 

TABLE 3.2-1 

The wtsbol-ic rates  of the crew while performing various tasks establish the 
quantity of fond, water and ovgen required as  well as  the capacity of associated 
equipment such as the C02 removal and humidity control equipment, Such interfaces 
&re i l lus t ra ted  on Figure 3.2-6. 

M E T A B O L I C  R A T E  l N T E R F A C E S  

1 F O O D  I 

1 . 1 9  K q l M A N - D A Y ,  AVG.  

16.  I M  J O U L E S I M A N - D A Y ,  
- A V G .  (3850 K  C A L I  

C R E W  W A T E R  R E Q ' M T S  

FIGURE 3.26 

W A S T E  & 
S T O R A G E  

M E T A B O L I C  
R A T E S  

3 .54  K q I M A N - D A Y ,  A V G .  

=: 7 
M I S S I O N  T A S K S -  

& S C H E D U L E S  

CREW O X Y G E N  R E Q ' D  
W A T E R  

1 .07  K q I M A N - D A Y ,  AVG.  M A N A G E M E N T  

A T M O S P H E R E  M O I S T U R E  

1 . 0 2  K q I M A N - D A Y ,  AVG. 
E N V I R O N M ? N T A L  

C O N T R O L  
A V G  C 0 2  P R O D U C T I O N  



3.2.6.2 Description 

Water Management - The MOM water concept uses the water produced by the ftlel 
ce l l  and an on-board i n i t i a l  supply as  potable water. The steam produced by 
the fuel  c e l l  is  condensed in the aft. unit  and transferred t o  the cabin main 
storage tank. The potable water is used for  crew drinking, food reconstitution 
and cooling. Water conservation is  practiced by using the humidity control con- 
densate water for  cooling and recharging the portable l i f e  support system. Wine 
i s  collected for emergency cooling for  the first week of the manned mission a f t e r  
which it i s  used with humidity water for  vehicle cooling thru the water boiler. 

Waste Management - !Be Apollo waste managant  concept has been selected. Futres- 
cible material is  sealed in plas t ic  bags with disinfectant and the bags kneaded 
by hand before storage. 

Trace Contaminant Control - Control of trace contaminants i n  the MOLAB atmosphere 
w i l l  be accomplished in two ways. Mrst ,  the quantity of contaminants w i l l  be 
minimized by c a r e m  selection- of materi&s. &cond,- the contaminants i n  the 
atmosphere w i l l  be removed or destroyed un t i l  the i r  concentration is below man's 
tolerance level. The normal charcoal f i l t e r s  in the atmosphere conditioning sys- 
tem w i l l  remove many contaminants; others w i l l  be removed by oxidation in a cata- 
l y t i c  burner. Special chemical f i l t e r s  upstream from the catalyt ic  burner w i l l  
remove those contaminants whose products of oxidation are toxic. In designing 
the contaminant control equigaent, the effects  of atmospheric leakage w i l l  be 
considered. As atmosphere is l o s t  from the vehicle, so also are l o s t  the con- 
taminants and the remaining contaminants wi l l  be diluted by make-up oxygen. 

Food, Clothing, Medical, Personal Hygiene - These items are government furnished 
for the MOLAB. They do affect  the M O M  mission and design and must be consider- 

- 

ed. A s  an example, the type of food dictates the amounts of hot and cold water 
neei-d for  food reconstitution. The spacesuit or extravehicular clothing very 
significantly affects  the lunar surface ac t iv i t i e s  of the MOAB crew. By re-  
s t r ic t ing  physical motions, by limiting t o t a l  allowable energy expenditure, by 
reducing manual dexterity and by limiting the time available for  surface act ivi-  
t i e s ,  the spacesuit assembly determines many of the boundary conditions of extra- 
vehicular mission act ivi t ies .  

3.3 MOBILITY AND CRYOGEmIC STORAGE 

3.3.1 Mobility Systems 

The M O W  mobility system provides a mobile platform capable of negotiating the 
postulated soi l s ,  slopes and obstacles i n  the lunar environment with maxlmum 
safety and without undue disccanfort t o  the crew or damage t o  the equipment. It 
consists of a four-wheeled forward unit  and a two-wheeled aft uni t  coupled to-  
gether by means of a flexible frame allowing pitch and r o l l  motion of the aft 
unit relat ive t o  the forward unit. Steering i s  accomplished by a ccmbination of 
Ackermann steering of the front wheels and, simultaneously, articulated steering 
of the a f t  unit. 

The specific restraints  used in the preliminary design included: mobility capa- 
b i l i t y  over as wide a range of lunar surface conditions as  possible (surface 
characteristics of the Engineering Lunar Model Surface were used), and the cam- - 
b i l i t y  of traveling a t  leas t  6 km per hour i n  sof% soi l s  ( = 0.5, N = 0.5) and 
up t o  16 km per hour on level compact so i l s  (v = 6, IP - 



Consistent wi th  dimensional res t ra in ts  (ALSS payload envelope ) , environment, 
human tolerance, and mission requirements, specific design criteria were estab- 
lished for the mobility cmponents. mese c r i t e r i a  were related t o  dimensions, 
loads, accelerations, operational l i f e ,  spring rate,  jounce, rebound, damping 
rate ,  drive arrangement, braking, declutching, speed-torque, steering limits, 
pitch limits and r o l l  limits. 

3.3.1.1 Studies 

Analytical studies performed included: 

. Tractive performance . Power requirements . Drive s y s t e m  . Motion resistance . Locanotion energy (Motor and controller) . Drawbar pull  . Pitch s t ab i l i ty  . Mficiency . Gradeability . Component s t ress  analyses . ?hermal . Drive torque . Inverter r e l i a b i l i t y  

Most of the mobility performance cmputations were performed with the aid of a 
d i g i t a l  computer. In addition, data for the preliminary design of the suspension 
and damping components were obtained by a dynamic analysis programmed on an ana- 
log computer. A second objective was t o  determine allowable speeds a s  a function 
of terrain roughness and the determination of energy absorbed by the suspension 
dampers a t  various vehicle speeds. 

A l/3 scale model t e s t  program was conducted t o  aid i n  the evaluation of MOLAB 
obstacle mobility. The main objectives of these experiments were t o  establish 
llzaximum performance capabili t ies over prescribed obstacles, optimize the f lexible 
frnm rlesign, and determine the effect  of wheel load distribution, 

The mobility system, shown i n  Mgure 3.3-1, incorporates flexible w i r e  frame 
wheels, individual wheel drive mechanisms, steering mechanisms, and the chassis 
frame. 

Tne wheels are 1.52 meters (60 inches) I n  diameter and consist of a wheel disc t o  
which i s  welded a flexible wire outer frame. The wire cloth covering closes the 
wheel t o  s o i l  part icles  and provides a continuous bearing surface. The wear re-  
s i s tant  tread serves t o  protect the wheel covering fram abrasion and provides a 
gripping tread fa r  traction. 

The individual wheel-drive assemblies include a single stage spur gear reduction, 
harmonic drive, disc-type servlce brake, band-type parking or emergency brake, 
declutching mechanism, e lec t r ic  motor and radiator. A single stage spur gear re-  
duction connects the e lec t r i c  motor shaft t o  the wave generator of a harmonic 
drive which connects t o  and drives the wheel. The service brake is located at 
the input end of the harmonic drive. A parking or emergency brake, Independent 
of the wheel drive, i s  a spring-actuated band brake acting on the wheel hub. The 
declutching of the wheel is accmplished by disengaging the harmonic drive flex- 
spline teeth from the circular spline. 

The elec t r ic  motors m e  of the three-phase squirrel  cage induction type 
(pa.s s ively cooled). Two l iquid cooled controller- inverters each service the 
three wl~eels on one side. The elec t r ic  drive system i s  capable of producing a 
maxhum wheel torque of 560 meter-Newtons (759 pound-feet) a t  a wheel speed of . 
approximately 2 RPM, A closed loop control system w i l l  govern wheel speeds f o r  
manual, auto-drive, and m t e  modes of operation. 
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FIGURE 3.3-1 

Ackermann steering i s  accomplished by a motor and harmonic drive reduction un i t  
located on the king pin centerline of the two forward wheels. The ar t iculated 
steering mechanism f o r  the eft unit  consists of a motor-gear reducer driving the 
segment gear, attached t o  the f lexible frame, through a b a l l  screw-nut assembly. 

The chassis frame consists of a forward-unit frame providing support f o r  the cabin 
and fomard-unit suspension, an af t-uni t  frame providing support of aft-unit 
equipment and suspension, and a f lexible frame and pitch l imiter  located between 
the forward and aft units. 

Each of the  four forward-unit suspensions consists of a lower suspension arm, t o  
which one end of the longitudinal torsion bar i s  anchored, sn upper suspension 
arm which i s  fixed t o  a rotary damper, and a wheel drive mounting bracket t o  
which the outboard ends of the upper and lower ams are attached. The inboard 
end of the lower suspension arm i s  attached t o  the forward-unit frame. 



Eech of the two af t -uni t  suspensions include a t r a i l ing  arm, traverse torsion bar 
spring element and rotary damper. The t r a i l ing  arm, which carr ies  a l l  of the  
suspension loads, i s  r igidly attached t o  the drive motor mounting bracket and 
mounted i n  bearings on the af t -uni t  bed. 

The flexible frame consists of twelve thin-walled titanium tubes fixed a t  the 
cabin unit  by guides and spacer bars and a t  the a f t  end by the pitch l imi ter  
bracket. The pitch l imiter  controls the relat ive movement between the forward 
and a f t  units by a l inear  motion device which l imits  pitch motion t o  2 1 5  degrees. 

3.3.2 Cryogenic Storage 

me MOLAB vehicle has cryogens stored in three spherical, low heat leak tanks; 
one oxygen and one hydrogen tank fo r  fue l  c e l l  reactants and a septxrate tank 
for  l i f e  support and cabin pressurization oxygen. The hydrogen tank is  vented 
during storage while the oxygen tanks are non-vented. All exyogens are stored 
at subcri t ical  pressure. 

The requirements shown i n  Table 3.3-1 are thoee to support the baseline mission. 

CRYOGEN REQU IREMENTS 

MASS LOSS DURING 180 
DAY STORAGE (VENT LOSY 

-- 1 ' ~ ~ ~ '  L E ~ K ~ ~ ~  33.9 

M'sCELLANEOUs 0.3 a I )AIRLOCK OPERATION & USAGF TO1 FRANCFI 6 8 I 1 1  CABIN DECOMPRESSIO;~JI 
UNAVAILABLE 

MISCELLANEOUS (LEAK BE 
AND USAGE TOLERANCE) '6 

TABLE 3.3-1 

Ihe objective of paasive starage for the cryogens was established ear ly  in the 
study on the premise that passive devices (no movlng parts)  m e  Inherently 
lnore rel iable  than active devices (moving parts).  Ihe determination of the 
feas ib i l i ty  and prac t ica l i ty  of such passive storage mrs the primsry analyt ical  
effort. The u t i l iza t ion  of heat pumps and semipassive approaches were br ief ly  
investigated. However, once the satiefactcny u t i l iza t ion  of the pessiw storage 
concept waa reasonably established, no f'urther work was done on other approaches. 



Analysis of tank designs typical of those required fo r  MOLAB plus review of 
development t e s t  results on other programs established the following: 

. It i s  feasible t o  store l iquid hydrogen and liquid oxygen up t o  s ix months on 
the lunar surface i n  the quantities required f o r  MDLAB. . Passive l o w  heat leak tanks required fo r  the storage of these cryogens can be 
developed within the MJLAB time scale. 

On Figure 3.3-2 i s  shown a comparison of the f l a t  specimen thermal conductivity 
values of three insulations available today. Also shown i s  the value used fo r  
MOLAB tank analysis, which i s  considered conservative. Hawever, additional de- 
velopment effort  i s  required t o  develop bet ter  fabrication techniques t o  achieve 
the low heat leak i n  a repeatable manner on actual tanks. 

C O M P A R I S O N  O F  M U L T I L A Y E R  I N S U L A T I O N  
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FIGURE 3.3-2 

3.3.2.2 Description 

The conceptual tank design i s  i l lus t ra ted  on Figure 3.3-3. An inner pressure 
shell  i s  concentrically supported i n  a hard, outer vacuum shel l  by slender metal- 
l i c  tension rods. The rod sizes and angles were selected t o  withstand the loads 
imposed during mLAB lunar landing. The rod armiugement depicted was primarily 
selected t o  f a c i l i t a t e  assembly of the outer shell .  Thermal insulation is  lo-  
cated i n  the vacuum space between the inner and outer shells. A meteoroid shield 
is  provided external t o  the outer vacuum shell .  

A single probe assenibly conibines instrumentation, wiring and service l ines  and 
f i t t ings  into one unit and one installation. Valvlng f o r  servicing and opera- 
t ion is  presently plsnned t o  be incorporated into this assembly. 
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The significant parameters af'fecting tank design are shown on Table 3.3-2. 

CRYOGEN TANK PARAMETERS 

TABLE 3.3-2 3 lW, 110. 241 ?%A 

3 10.7, 11.6, 5.7 x ld I N  

-The oxygen tanks are i n i t i a l l y  f i l l e d  with sa tu rahd  liquid. During the storage 
period, the heat leak builds up the tank pressure t o  a predetermined leaximum 
value without venting gas t o  space. 

As the temperature of the fuel c e l l  oxygen increases i n  the tank, the overall  
mass density of the f lu id  remains constant since no oxygen i s  used during the 



storage period unless the fue l  ce l l s  are started. A t  the end of the  six-month 
storage period, the tank has reached i t s  design ullage and pressure. With the 
starting of the fue l  cel ls ,  an e lec t r ic  heater i s  used t o  bring the system up t o  
pressure i f  it i s  not achieved during the storage period and t o  maintain system 
pressure a s  cold gas i s  drawn off f o r  fuel  c e l l  operation, 

The ECS tank operates similarly t o  the fue l  c e l l  tank except tha t  the mass densi- 
ty  i s  reduced sl ight ly during the storage period as oxygen i s  drawn off f o r  cabin 
pressurization. A t  the  end of the storage period, the oxygen i s  raised t o  super- 
c r i t i c a l  pressure by an e lec t r ic  heater. The cabin atmosphere requirements are 
supplied and the portable l i f e  support system oxygen bot t les  rel iably charged 
from t h i s  supercrit ical oxygen source. 

The hydrogen tank i s  f i l l e d  i n i t i a l l y  with saturated l iquid hydrogen which builds 
up pressure over the storage period t o  a predetermlned design value. A t  t h i s  
pressure, hydrogen i s  vented t o  space t o  maintain a maximum system pressure. 

3.4 ELECTRICAL FOWW 

I n i t i a l  concept studies were made by NASA t o  establish a basic parer system con- 
cept f o r  M3LAB. The selected parer sources w e r e : ~ ~ / 0 ~  fuel  c e l l s  t o  provide the 
relatively high power and high energy requirements of the manned phase; a radio- 
isotope thermoelectric generator (RTG) t o  supply the relat ively low power and 
high energy requirements of the storage phase; and a secondary battery to  supply 
the relat ively high power and l o w  energy requirements f o r  i n i t i a l  activation and 
checkout. Based on these i n i t i a l  concept studies and p r e l b l m r y  discussions 
wlth NASA, the WLAB pwer  subsystem has been logically divided in to  three func- 
t ional  blocks: the  primary power sources, the auxiliary and secondary power 
sources, and power system management. 

Preliminary design studies included a detailed definition of e l ec t r i c  power and 
energy requirements f o r  the various mission phases, a conrparison of various can- 
didate concepts f o r  the  elements of the p e r  system, and a selection of a speci- 
f i c  configuration a s  a baseline p e r  system t o  describe system integration, 
system interfaces, and specific operational requirements. 

3.4.1 Analysis 

The requirements have been classif ied in to  three major categories: parer and 
energy quantity, power quality, and mJor  power blocks. The power requirements 
have been divided in to  convenient categories f o r  the  purpose of assis t ing the 
general layout and bus configuration of the power dis tr ibut ion system. Figure 
3.4-1 is a bar  chart which swmnsrizes the power and energy requirements according 
t o  various major blocks of puwer. This data has been obtained from detailed 
p e r  load profiles plotted as a f'unction of time f o r  the various days and phases 
of the MOLAB mission. 

The approach used i n  the evaluation of several potential MOLAB fue l  c e l l  systems 
consisted of two parts: d ig i t a l  coquber mass optimization of each candidate fue l  
c e l l  design wlthin the X0U.B system constraints, and comparison of optimized fue l  
c e l l  candidates on the basis of various quality-type pasameters. 

The computer optimization determines the minimum mass system f o r  each of the 
applicable fue l  c e l l  designs subject t o  specific MOLAB system constraints such 
as: load profile, radiator specific cooling capacity as a function of time, 
maximum radiator area constraint, and voltage regulator constraint. 



MAJOR POWER AND ENERGY BLOCKS 

IOF SERVICE* NONS~ITICAL 
I I 

I I I 1 

I UNLOAD AND CHECKOUT I I 
0 1 2 3 4 5 6 

POWER (KILOWATTS1 AND ENERGY (HUNDREDS Of KILOWAIT-HOURS) 
0 POWER (MAXIMUM DEMAND) W ENERGY 

STANDBY, MANNED AND CONTINGENCY PHASES. 
** M A X I M U M  REQUIRED FOR RETURN TO LEM I N  EVENT OF M I S S I O N  ABORT. 

FIGURE 3.4-1 

The optimized (minimum mass) system are then compared on the basis of r e l i ab i l i -  
ty, l i f e ,  mass, and dwelopmnt risk. An important resul t  of the comparison i s  
that  the Allis-Chalmers design requires less  mass than the other designs, particu- 
l a r l y  when radiator and voltage regulation constraints are applied. 

The development r i sk  w i l l  be the l eas t  fo r  systems evolved from existing hardware 
such as  the Allis-Chalmers and Prat t  and Whitney designs. Table 3.4-1 i s  a sum- 
mary of mass comparisons of the several candidate systems. 

A comparison was made of various R!FG concepts f o r  auxiliary paver and bat ter ies  
for  secondary parer. A plutonium-238 concept rated a t  125 watts output was 
selected as  a baseline f o r  auxiliary p e r .  !&o silver-zinc bat ter ies ,  each wi th  
a nominal rating of 1350 watt-hours, were selected f o r  secondary power. 

3.4.2 System Description 

A summary description of the selected power system i s  shown i n  Table 3.4-2. The 
power system consists of three source modules and a power system management 
module which provides the fo1lowh.g functions: 

. Mstribution of power between power sources . Central control logic. 
and buses. . Monitoring. . Bus-feeder switching and bus-tie switching. . Voltage regulation. . Load Witching. . Battery charging. . Power source start-up and shut-down control. . Power conditioning. 



FUEL CELL SYSTEM WEIGHT COMPARISONS 

FUEL CELL 

AC I 

RADIATOR AREA CONSTRAINT - 4 65 in2 (50 ft21 

AC2 

GE 2 

P W I  

ACI  = ALLIS-CHALMERS. MOLAB DESIGN 

A C 2 -  ALLIS-CHAMERS, HARDWARE UNDER TEST AT NASA HOUSTON 

GE2 - GENERAL ELECTRIC, MOLAB DESIGN (INTERMEDIATE TEMPERATURE) 

PWI  - PRATT & WHITNEY, MOLAB DESIGN 

PW2 P R A l l &  WHITMY,  CURRENT APOLLO HARDWARE 

UC - UNION CARBIDE, MOLAB DESIGN 

SYSTEM WEIGHT I N  KG (AND LBSI. 
AND VOLTAGE REGULATION CONSTRAINT (VOLTS) 

TABLE 3.4-1 

OPTIMUM SYSTEM  no^^^ 
585 11290) 
76 5 V - 91 7V 

715 (1576) 
2 6 5 V  - 31.3V 
590 (12991 
26.5 V - 33.5 V. 
625 (1379) 
26.5 V - 39.4V 

POWER SYSTEM SPEC IFlCATlON SUMMARY 

' 4 ~ .  

585 (1290) 

715 (15761 

590 (12991 

639 (1407) 

TABLE 3.4-2 

MODULE 

P R I M A R Y  P W E R  

AUXILIARY PWER 

StCONDARY P W E R  

P W E R  SYSTEM 
M A N A G M N T  

oe-83001-1 
Page 32 

3 V. 

585 (1290) 

715 (1576) 

592 (1%) 

650 (1433) 

* 2 V, 

591 (1302) 

720 11587) 

695 (15351 

690 (1525) 

-- 

P R I N C I P A L C O M Y O N N T S  

-- 

[I) STANDBY, MANNED, AND C W  INGENCY PHASES. 
S T O R A Q  P H A S E  
UNLOAD AND CHECKWT PHASE 

M~~~~ POWER TYPE 
E H R G Y  IKMHI 

TOTAL WEIGHT 
7 28 

. 11, MI LBSI 

TOTAL VOLUME 
2 12 

196 t t 3 ~  

H t  IGHT 
KG. 

VOLUML 
M' 

602 
11329 LBSl 

n 
(48.5 LBSI 

30 
(67 LBSl 

74 
(163 LBS l  

28156 VOLT D-C 
! 13% VOLTAGE 

REGULATION 

B V O L T D - c  
i 7 s  VOLTAGE 

REGULATION 

28VOLT D-C 

- D- C 
111 28\54 VOLT i ld% 
I21 28 VOLT 2 7% AUX 
0 1  28 VOLT + 7% 

CONVERTER 
A-C 

( K i i 5 1 ~ 1 ~  VOLT >PHASE 
r(OO CPS INVERTER 

0 4  FUEL CELL M O D U U S  
*FULL AND TANKS 
-THERMAL CONIROL 
*AUXIL IARY EQUIPMENT 

.pum RTG 
*VOLTAGF REGUMTOR 
-THERMAL CONTROL 

*AGZN B A T K R Y  
-BATlERY CHARGER 

* C A B I N  D l 5 7  BOX 
CONVERTER 
IFNERRRS 
CENTRAL CONTROLLER 
C I R C U I T  BREAKERS 
DISTRIBUTION BUSES 

*MI DIST. BOX 
I N E R T I R S  
C I R C U I T  BREAKERS 
DISTRIBUTION BUSES 

2 32 
, (82 FT~I  

A OR 
4 6 S R t 9 ' ( 4  FT21 
. I7 M 3  Ih 25 n3)_ 

.w 
(3.2 1t31 

I I 314 n31 

. I20 
(4 25 F l  3~ 

5 KH 
525 KWH 

0 . 1 1 ~  
2.6 KWH124 HR CYCLE 

1.4 KW 
1.4 KWH 

D-C CENIRAL 
CONVERER 

SUPPLY - I KM 
A-C CENTRAL 

INVERTER 
SUPPLY - 0.15 KK' 



A number of possible power system configurations have been analyzed and three- 
wire 28/56 volt  doc. system wlth a f 144 voltage regulation tolerance was 
selected as  the most applicable candidate on the basis of mass savings and 
growth potential. In addition, equipent  is included t o  provide: 750 watt 
central three-phase 400 cps a.c., 1,000 watt 28 volt + f i  regulated doc. power, 
and an auxiliary bus with battery/~TG doc. power eourcc. 

In order t o  avoid excess mass penalties, the develolpnent of a new fuel  c e l l  is  
required. A new design does not require an increase i n  the state-of-the art 
and can be confidently scheduled. 

3 05 AsTRIONIC SYSTEMS 

During MOLAB delivery t o  the Won, telemetry monitoring data i s  supplied t o  the 
L,EM Truck fo r  transmissinn. Mission analyses of lunar surface ac t iv i t i e s  show 
that  astrionic system f'unctions are required during four operational phases: 
deployment, storage, closure and manned exploration. 

Detailed requirements of seven subsystems were derived *om comprehensive 
functional analyses for  each operational phase. A brief  sumnary of the subsystems 
and the i r  functional requirements are given in Table 3.5-1. 

In addition, requirements and guidelines imposed by the Statement of Work and the 
Apollo Propam led t o  further astr ionic system requirements. In satisfying these 
requirements, Apollo e q u i p n t  designs were adapted wherever possible. In those 
instances where developed equilpnent was not available, current technology was 
specified . 
3.5.1 System Bscript ion 

The seven subsystems of the astrionic system are shown I n  block diagram form In  
Pi- 3.5-1. 

A S T R  ION l C  SYSTEM 
*HIGH GAlN 
*LOW GAlN 

& I 

TEWISION 1 NAVIGATION 
D R I V E  S E  TRANSMISSION @ALIGN AND 4/r) PANEL 

@PLATFORM 

TIE-DOWN 

FIGURE 3.5-1 

ALL SUBSYSTEMS 4 

I CONTROL I 4 

DRIVE CONTROL 
*hUNUAL 
*AUTO-DRIVE 

~A-D~PIS~S~- *REMOTE , 
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Television Sub system 

The television subsystem contains f ive  major assemblies. 

The stereo driving cameras a re  spaced 24 inches apart and are  located above the 
radiator at  the forward end of the MOLAB cabin. To permit continuous driving 
during remote operation, the camera assernbly is s tabi l ized i n  pi tch and ro l l .  

The search camera is  used primarily as a navigational aid. It is  mounted on a 
mast and can be rotated "80° i n  azimuth and f 60° i n  pitch. A two-lens t u r r e t  
permits selection of wide angle and n w w  f i e lds  of view. 

The rear-view camera i s  mounted on the aft uni t  of the  vehicle. It is used by an 
Earth monitor as an a id  during unloading from the LEM Truck. Pictures may also 
be displayed t o  the MOIAB crew on the cabin kinescope during manned operations. 

A l l  cameras aze of similar e l ec t r i ca l  design and have self-contained passive 
thermal control. The major difference is  that the stereo driving cameras have 
a single low scan r a t e  whereas the search and rear-view cameras are provided 
with dual scan ra tes  ( 5  and 60 f i e lds  per second). The lower scan r a t e s  w i l l  be 
used when video information is transmitted t o  m t h  (i.e., within the 500 kc 
transmission bandwidth); the higher scan r a t e  will provide the MOLAB astronauts 
with a fl icker-free kinescope display. 

The astronaut TV display assembly is located inside the cabin and is used fo r  
monitoring the search and rear-view cameras. This assenibly wi l l  also be used t o  
display Earth-orig-ted television. 

The central  video sequencer assembly supplies synchronization and scanning sig- 
nals fo r  each of the camera assemblies. 

Navigation Subsystem 

The navigation subsystem consists of four major assemblies. 

The coordinate heading platform i s  a three-degrees-of-freedom gimbal assembly 
which i s  used t o  measure vehicle heading a d  att i tude. A heading gyro, a ver t i -  
c a l  sensing accelerometer assenibly, and t h e i r  amplifiers, a re  mounted on the 
inner platform. The platform is  erected and s tabi l ized with respect t o  lunar 
gravity by the inner and outer ginibals which are  positioned by torquers. Resol- 
vers t o  measure vehicle heading and a t t i t ude  a r e  located on the gimbals. 

The guidance alignment panel contains power switching, alignment control, mal- 
function detection, and portions of the coordinate display electronics f o r  the  
stable ~ la t form.  The panel displays vehicle a t t i tude  information f r o m  the 
coordinate heading platform and accepts remote o r  operator-derived erection sig- 
nals fo r  the coordinate heading platform. This panel i s  similar i n  design t o  
the Apollo iner t ia3  measurement uni t  control panel, and uses common controls, 
displays and electronics wherever possible. 

The navigation control and readout panel accepts vehicle pi tch and heading infor- 
mation from the coordinate heading platform and vehicle speed and distance pulses 
from the drive wheel odometer. These inputs are  operated upon by the panel 
electronics and d i s ~ l a y e d  t o  show distance traveled, re la t ive  al t i tude,  position, 
and heading. Data displayed can be remotely o r  manually updated. During driv- 



ing periods, the display data will be automatically and continuously updated 
utilizing the odometer output, and the coordinate heading platform pitch and head- 
iag m e *  

The periscopic sextant is used for position and azimuth update, Employing stand- 
ard nautical navigation techniques, a position fix with a one sigma error of 276 
meters with zero gravity anomaly can be obtained. Known Ea3LAB position and 
measurement of bearing angle to a star produces an azimuth update with a one sig- 
ma error of 2 arc minutes. The design of the sextant is similar to an aircraft 
type periscopic sextant, 

Communication Subystem 

The communication subsystem provides the reception, transmission and signal pro- 
cessing capability necessary to permit two-way carmrmnications between MOLAB and 
m, CM, LEM and EVA. It also derives M O M  to LEN bearing based on the recep- 
tion of LEM VHE' signals by an Adcock antenna array. The ccaimunications subsystem 
consists of the following units: 

Unit Primarj Function Remarks 

S-Band Voice, TP, command and range code recep L;EM equipment. 
T%nsponder tion from Earth. Voice, TV, TM and 

transponded range code transmission to 
Earth 

Transceiver A Simplex voice with CM. Voice, stop and T S M  equipment. 
go cormnsnds from LEM. 

Transceiver B Telemetry transmission to CM, voiae I;EM equipment. 
transmission to IXM, voice and biomedi- 
cal reception from EVA. 

Transmitter C Voice transmission to EVA. LJ3M equipnent. 

Bearing Receiver Derive bearing to LEM. State-of-the-art 
equigment . 

Law Gain S-Band ~eceive/transmit low data rate signals State-of-the-art 
Antenna without antenna positioning. equipment. 

High Gain S-Band ~eceive/transmit high data rate signals Antenna is state-of- 
Antenna and and TV, Antenna is positioned continu- the-art. Servo is 
Position Servo ously by Earth-tracking servo system. U M  design. 

VHF Antenna ~eceive/transmit CM, LlFM and EVA data. State-of -the-art 
equipment. 

DF Antenna Determines bearing to IZM by use of a State-of-the-art 
VHF Adcock antenna. equipment. 

Premodulation Performs signal selection, subcarrier LEM equipment. 
Processor modulation and demodulation. 

Audio Centers One for each astronaut. Amplifies and LEM equipment. 
selects voice signals, 



Command a d  Control S~ihsystem 

The design of t h i s  subsystem i s  base4 on the Gemini command and control system. 

The command and control subsystem accepts command signals from the cornmication 
subsystem and performs address, par i ty  and verif icat ion checks before routing the 
command t o  the addressee. The ontput signals of the command and control subsystem 
are supplied i n  a form best suited t o  the user subsystem and include analoe;, digi-  
t a l  and discrete commands. 

The discrete commands are  distributed using a 32-wire, three-coincident-pulse 
matrix. This technique has the advantage of greatly simplifying the wire harness 
design and subsystem interfaces, yet can easi ly  accommodate growth of the present 
command l i s t .  The irrterfsce between the manual control (on-board) and remote con- 
t r o l  i s  accomplished by a command converter located within each subsystem. 

Telemetry Subsystem 

The t e l emt ry  subsystem col lec ts  and encodes a l l  MOW subsystem measurements. 
The equipment employed i s  the LEM design with mlmr modifications. Output is se- 
lectable a t  e i the r  1.6 o r  51.2 kbps at a format conpatible with the other ALSS 
telemetry systems. !L!he telemetry subsystem also generates timing signals f o r  all 
other subsystems. Long term timing accuracy is two par t s  per  million. 

The telemetry subsystem, i n  conjuction with the command and control subsystem, 
prwides the means fo r  accomplishing remote checkout. 

Data Storage Subsystem 

Two storage devices yield suff ic ient  f l e x i b i l i t y  f o r  MOLAB data storage. The ana- 
log tape recorder with seven para l le l  input channels provides a general purpose 
data store f o r  sc ien t i f ic  experiments during the manned phase. Output of the 
recorder i s  e i ther  processed by the telemetry subsystem o r  d i rec t ly  transmitted 
by the signal transmission system. 

A dig i ta l  core storage is  primarily used during the dormant phases of' MXAB. It 
prwides the time delayed control of sc ien t i f ic  equipment and f o r  storage of data 
of those equipments. Readout i s  accomplished upon Earth conrmand. 

Drive Control Subsvstem 

The drive control electronics includes the interface between the manual/remote 
driving cowrands and the mobility system, Two maJor functions, heading and 
velocity control, a r e  performed. 

During remote control driving, closed loop heading and velocity controls are  u t i -  
l ized and updated by commands received from Earth. A p e r  l i m i t  can a l so  be 
specified and included i n  the control loop t o  l i m i t  the maximum p e r  used f o r  
locomotion. 

In the autodrive mode, closed loop heading and velocity controls a re  u t i l ized  t o  
permit "hands off" driving. To change velocity o r  heading, the subsystem is  
switched t o  manual, the new velocity or  heading is  acquired and the subsystem i s  
switched back t o  autodrive. 

In  the manual mode, heading and velocity signals from a manual controller are  
directly applied t o  the steering am3 velocity servos. 



The clutches and brakes are either remotely or manually operated by on-off com- 
mands. Brake force magnitude is proportional to time duration of the remote 
brake "on" command. 

The prelirniw designs of the MOW astrionic system has shown that the MOLAB 
mission-imposed requirements can be satisfied to a large degree with Apollo 
equipment. The study has also shown that the M O M  astrionic system design 
imposes very minor interntion requirements on the presently planned Apollo 
system as shown in Figure 3.5-2 

INTERFACE 

CM - NO CHANGES REQULRED 

LEM - TWO MINOR MODIFICATIONS R ~ Q I I I R E D :  

(1) TRANSMIT TONE COMMANDS 'TO MOLAB 

(2) RECEIVE REMOTE COMMAND TO ACTIVATE BEACON 

LEM/T - TWO INTEHFACE REQIIIREMENTS. 

(1) IN-FLIGHT T/M DATA TRANSMITTED VIA LEM/T S-BAND COMMUNICATION8 

(2) LEM/T PROVIDES INITIAL COMMANI) TO ACTIVATE MOLAB S-BAND 
COMMUNICATION 

EVA - NO CHANGES REQUIRED 

MSFN - THREE ADDITIONS HEQUIREII: 

(1) COMMAND GENERATOR (MODIFIED GEMINIJ 

(2) FM EXCITER FOR UP-LINK TV 

(3) MOUIB OPERATING CONSOLES 

FIGURE 3.5-2 

Development is required of operational displays to be used for Earth control of 
unmanned mission phases. The displays consist primarily of stereo television and 
selected telemetry with the capability provided for an operator to generate driv- 
ing commands. 

Further studies are recommended in the areas of: 

. Integration of scientific equipment into the ElOLAB design. . Detailed definition of the astrionic system/ground checkout equipment inter- 
face. . Preliminary design of the M3LAB remote control ground support equipnent. . Integration of the MILAB remote/manned control interface. . Television simulation testing to determine human tolerance limitations and 
capabilities for remote driving. 

Because of present design uncertainties resulting from the subjective quantities 
involved in remote driving, it is recommended that an astrionic test vehicle and 
control station be constructed and system evaluation tests conducted. The vehi- 
cle would be a logical extension of the Mobility Test Article Program. The 
astrionlc test vehicle would serve to validate the remote drf-ing and television 
subsystem simulation, as well as the deeign of all other astrionic subsystems. 



3.6.1 Tie-Down 

The tie-down system w i l l  provide the s tructural  support between the MOLAI3 and 
the ALSS descent stage (LEN Truck) and w i l 3  react all M O W  boost, midcourse 
correction and landing loads to  the LEb1 Truck. Release of all t i e s  f r o m  the 
EIOLAB w i l l  be accomplished remotely upon receipt of Earth commands. Successful 
release of all tie-downs are required prior  t o  in i t i a t ion  of the unloading 
operation, 

3.6.1.1 Studies 

The design studies for  the tie-down configuration primarily involved various 
arrangements of the tie-down elements in conjunction with the cabin s t ruc tura l  
arrangement. In  order to minimize the induction of secondary loads resul t ing 
from LEM Truck deflections, only non-redundant arrangements were considered. 

3.6.1.2 Description 

The tie-down system consists of 12 com~ression-tension s t ru t s  with b a l l  joint 
connectors at each end. The remote release system incorporates ordnance devices 
which severs the b a l l  connection on iilOLAB allowing the struts t o  drop t o  the  
LE34 Trmck platform. 

3.6.2 Deployment 

!Be I4OLAB is required t o  be capable of being deployed from the IEM Truck deck 
from more than one azimuth. Deployment w i l l  be accomplished by an Earth command. 
The capability fo r  manual deployment of the ?40LAB to the lunar surface is also 
required. Off-loading w i l l  be accomplished on surface conditions that may be as 
severe as specified i n  the Engineering Lmax  Model Surface (EIMS). 

3.6.2.1 Studies 

Several approaches considered fo r  MOlX3 deployment included a turnta3le with 
foldable and extendable type tracks and rwps t o  allow deployment on any azimuth, 
and a study of full ramps t o  the 1una;r surface. The resul t s  of these studies 
indicated a significant mass penalty fo r  the turntable with a f u l l  ramp, These 
approaches were compared t o  the  f ina l ly  selected two-azimuth partial-ramp des- 
cribed i n  Paragraph 3.6.2.2. 

3.6.2.2 Description 

The M O W  i s  deployed f r o m  the LEN Tmtck to  the  lunar surface i n  e i ther  a forward 
or af't direction, When assured the tie-down system is  released, deployment is 
accomplished by the use of two step-type ramps and restraining cables for  e i the r  
forward o r  aft deployment. The cable assemblies include a two-stage honeycomb 
crush-structure energy-absorber. The cable asseniblies ase fixed t o  the LF51 Truck 
deck and include ordnance-release devices at the connection t o  BIOLAB. Manual 
deployment is accomplished by manually driving M O M  off the LFEl Truck using the 
controls wlthin the M O W .  



4.0 GROUND SUPPORT EgPIPMENT AND TEST PROGRAMS 

4.1 MOLAB DROUND SUPPORT EQUIPMEPJP 

MOW GSE was studied t o  a depth t o  permit program costing and provides, in 
general, a foundation for  sound entry t o  preliminary design. !Phe requirements 
of MDLAB GSE can be sat isf ied by knowledge within the present state-of-the-art. 
No technological research and only l i m i t e d  developnents are anticipated. 

GSE requirements for  the MOLAB originate primarily frm: NASA direction; inte- 
gration, test and logis t ics  planning; and operations and functional analysis. 
Although all requirement sources are important, it was emphasized during the 
study tha t  systems integration of WLAB using existing f a c i l i t i e s  and equipnent 
was most vital. 

The CSE document developed as  a resul t  of study of requirements generally covers 
a l l  out-plant ground equipnent operation including training and considers the 
use of such e q u i p n t  in-plant when no change of configuration is necessary. 

GSE preliminary design e f fo r t  should be continued t o  ensure tha t  a canpatible 
design exis ts  throughout the booster, MOW vehicle and ground systems, and that 
MOZAB unique ground equipent  requirements are established on a basis compatible 
with existing equipnent in  the ICC, MCC and MSFPJ. 

Effort should a lso  be directed toward identification of additional ground equip- 
ment as  design definition i s  clar if ied during follow-on study phases. 

4.1.1 GSE Study Objectives 

Two primary GSE study objectives were m e t  I n  the work performed. They are a s  
follows : 

. Requirements Reporting - Describing the technical GSE requirements or a plan 
fo r  the i r  development. . Resources Planning Support - Providing information t o  U o w  cost, manpower, 
subcontracting and plant f a c i l i t i e s  estimates t o  be prepared. 

4.1.2 GSE Plan 

?be CSE plan outlined in the paragraphs below summarizes the GSE centerllne 
developed during the study. 

4.1.2.1 Seattle Area Manufacturing and Test 

Certain G f B  items of transportation and mchanical handling and instal lat ion are 
also u t i l ized  during the manufacturing cycle in Seattle. In addition, a ser ies  
of test benches is wovlded for  and shared by the Production Area, Systems Inte- 
g r a t i m  Laboratory and Qual i f i ca t ion / Ikve l~n t  Isboratories. These benches 
provlde fau l t  isolation and limited component acceptance/performance testing. 

MOW cryogenic storage, primary power and thermsl control subsystems are ser- 
viced and tested a t  Boeing (Tub l ip  fac i l i ty )  using the A f t  Uhit Test Van. This 
van serves the functions of test control simulation, stimulation and data handling. 
Post-test servicing i s  also provided by van eqylpaent. 



A t  Wing  ( ~ e n t  f ac i l i ty ) ,  the MOLAB vehicle is checked out system-by-system In  
an earth ambient condition. A mobility system fixture is  provisioned t o  allow 
testing of driving, steering and braking operations. A modified version of the 
Apollo Acceptance Checkout Equlpnent (ACE) is ut i l ized  and ACE associated GSE 
and cmy-on equipoent employed. 

A t  completion of earth ambient testing, the MOLAB i s  placed i n  the Kent Space 
Chamber fo r  acceptance teats.  The ACE system i s  required during these t e s t s  
and also certain elements of the range o r  MCC equipment (e.g. the Remote Driving 
Station; the navigational display) may be desirable. 

Upon ccarpletion of Kent testing, the MOLAB i s  packaged in i ts  transporter and 
shipped via the B 3 V G  a i rc ra f t  t o  the Kennedy Space Center (KSC). 

4.1.2.2 hunch Site Equipment 

The MOLAB i s  processed through essent ial ly the same tests and services at KSC 
as  it has undergone a t  Seattle, Tulalip and Kent ( w i t h  the probable exception 
of space chamber test ing) .  In addition, a s  test ing and servicing progresses 
from vehicle receipt t o  launch, it is necessary tha t  vir tual ly the f'ull comple- 
ment of GSE be available a t  KSC. Exceptions, I n  general, consist of certain 
Mission Control Center (MCC ) equipnents, 

Preparation of the M O W  a t  KSC requires routing of the vehicle to  several areas. 
In such ac t iv i t ies ,  handling and transport GSE is employed again. In general 
terms the routing of the MOLAB is  as  follows: 

. In the Manned Spacecraft Operations Building (MSOB) ac t iv i t i e s  for  setup, 
calibration, equipnent checks, subsystems tests and a cmplete integrated 
checkout occur. Among GSE ut i l ized are: ACE System, ECS *st wit; carry- 
on units; simulators; equipnent service units; driving and steering test unit; 
a simulated MSFN ground station; and a Navigation and Guidance %st Station. 

. In the Cryogenic Wet Building, the A f t  Unit Test Van is  u t i l ized  in recheck- 
ing the Rzel c e l l  cryogenic system and the ECS power equipnent. 

. The M O W  i s  emplaced on the LEtd Truck in  the Pyrotechnic Instal lat ion Build- . Handling fixtures, s l ing se ts  and miscellaneous special ins ta l la t ion  
tools w i l l  chiefly comprise the GSE i n  t h i s  operation. 

, Follo?chg the b10IAB/LB4 Truck marriage, the combined units w i l l  be placed in 
the R-F tower for  open-loop tes ts ,  Such tests are to demonstrate comatibi- 
l i t y  of the vehicle transmitter/receiver with MSFN and CM equipment. No 
special GSE requirements exist  i n  t h i s  area, 

, If it i s  deemed necessary, the NoLAB/LE~.I Truck w i l l  be  wed i n  the ?SOB 
a l t i tude  chamber t o  t e s t  systems under f l igh t  pressure. GSE previously placed 
i n  the MSOB should sa t i s fy  known requirements i n  the t e s t s  (if any) t o  be 
performed here, 

, Zba MOLAB/IJB¶ puck w i l l  be mated w i t h  the spacecrait-to-LEM huck adapter, 
i n  the MSOB, then instal led i n  the  booster in the Vertical Ass@nibly Building 
(VAB). No additionsl GSE items are anticipated in there operaticms. 

~2 -83001-1 
Page 41 



. In the VAB, certain umbilicals are  connected and equipment start-ups and 
interface t e s t s  made. Spacecraft compatibility, ECS functions and launch-to- 
landing sequences a re  verified.  The vehicle i s  placed on the launch pad and 
environmental enclosures emplaced f o r  f i n a l  service functions. GSE used 
throughout these operations consist of such items as the ACE system, handling 
devices, umbilical l ines ,  and carry-on equipment. 

. Wing countdown, GSE needs are  primarily served by cryogen control units,  the 
mbi l i ca l s  and the hunch Control Center (KC) ACE. 

. Final prelaunch checking i s  through telecommunications, command and con- 
t r o l  and telemetry systems. Post launch comnc ia t ions  are  planned t o  be 
through I E M  Truck capabi l i t ies  u n t i l  lunar a r r iva l .  

The assumption has been made t h a t  adequate data interconnection ex i s t s  between 
KSC and Houston for  Gemini and Apollo to satisfy MOLAB requirements. 

Mverse GSE is planned fo r  MOIAB maintenance a t  KSC. Included are test benches, 
f luid and e l ec t r i ca l  systems maintenance e q u i p n t ,  and special  component hand- 
ling and instal la t ion devices. 

4.1.2.3 Mission Control Center Equipment 

Integration of the MOLAB GSF: i n to  K C  capabili t iee fo r  Apollo is of major impor- 
tance. MOLAB must xu8k.e optimum use of available Apollo e q u i m n t .  

MOLAB needs a cmputer controlled checkout and control system. The present MCC 
ACE may sa t i s fy  M O M  operations needs. 

A r ea l  time command system is required for  remote driving and steering f'unctions 
a t  MCC. The Gemini command system w i l l  be modified fo r  use with MOW, with the 
limitation tha t  remote control can be exercised only when the M O M  i s  in view of 
the North America MSFM s tat ion.  

Certain unique M O W  GSE i s  required at  the MCC, including the following stations.  
Remote Rrivlng (allows earth-based operation t o  control the M O W  on the Moon); 
Traverse Plotting (cont1nuaIJ.y records the vehicle's position on lunw maps); 
Heading and Position (receive sighting data, performs heading and position ca l -  
culations) ; Historical hta Recall (provides r e c a l l  of data based on past MOLAB 
lati tude, longitude and mlssion time); Video Processing (serves video ftmctions 
of control, Image quality, scan conversion, etc.  ); MOLAB Operations Mrector 
Console (central  operations monitor and control point). 

Uplink TV w i l l  need equipment t o  supplement existing video transmission capabili- 
t i es .  New requirements include a l i v e  studio and the  capabili ty t o  s tore  and 
recal l  documentary data (maps ; drawings ; instructions, e t  c . ) . 
It i s  possible tha t  further analysis w i l l  reveal additional requirements a t  MSFH 
remote sites. Such requirements would be naet by GSE and OFE i n  van-mounted sets .  

The M O W  Test Program has as its objective the developent, qualificatian and 
acceptance of a system which, within the necessary program constraints, has the 
msxlmum p o b a b i l i t y  of successfully perforlPling its mission. 



To w e t  this objective, a comprehensive test progrem will be conducted, Involving 
a l l  hardware assembly levels and all @sees of testing; f r o m  early devedopn t  
and qualification test ing through lunar checkouts of the MQLAB by the astronauts 
in conjunction with the i r  exploratory mission, 

Ihe MOLAB t e s t  program philosophy and requirements r e f l ec t  aad amplify the in- 
tent of NASA's Apollo Test Requirements, M-D MA 1400. 

The t e s t s  planned in accordance with t h i s  philosophy are typical of those fo r  
most manned spacecraft; development tests t o  gather engineering data, qual if i -  
cation t e s t s  t o  prove the adequacy of design, and acceptance tests t o  verify 
correct manufacture and maintenance of integrity.  asphasis has been placed on 
the quslificatl6n of the M O W  system through thorough ground tests i n  l i e u  of 
f l ight  developent tests due t o  the nature of the system design and mission. 

While a l l  testing has been considered i n  the planning effort ,  s t ress  i s  given 
t o  the identification of potential  problem areas and/or mare cauplex test activf- 
t i e s  with the associated approach and methods for accauplishment. Models, test 
ar t icles  and prototypes have been progrannned t o  sa t i s fy  developnent and quali- 
fication requirements a t  the system or pa r t i a l  system level,  

Development Tests 

The K)LAB development program includes several areas requiring development t e s t -  
ing: mobility, thermal balance, cryogenic storage, fuel  cel ls ,  meteoroid protec- 
tion, remote driving, etc.; huwever, relat ively straightforward methods and 
technology exist  f o r  conducting these tes ts .  

The more complex t e s t  ac t iv i t ies  consist of: mobility system t e s t s  using a 1/6 
scale dynamic model and a ful l -scale  steady-state mode1;thermal balance t e s t s  
using a full scale t e s t  a r t i c l e ;  and astrionics integration t e s t s  using early 
developmental subsystems, bench checkout unit s, and ACE. 

Qualification Tests 

The qualification program is distinguished by i ts  comprehensiveness. While 
taking advantage of applicable qualification gained from the Apollo Program, 
recognition has been made of unique WLAB system, environmental, and operational 
requirements. Several of the more complex t e s t  ac t iv i t ies  are associated with 
the complete mLAB and consist of:  test ing a mobility system designed f o r  lunar 
gravity under Earth gravity; verif'ying the ewironmerrtal control capabili t ies;  
and demonstrating tha t  the mLAB is compatible with bther elements of the t o t a l  
ALSS, such as  the astronauts, remote driving station, spacecraft, etc. Two 
fully configured EaOLAB prototypes are ut i l ized i n  these qualification tes ts .  

Acceptance Tests 

The acceptance t e s t  program includes a ser ies  of sequential and related func- 
tional acceptance t e s t s  conducted a t  a11 levels of hardware assembly such t h a t  
degradation of performance w i l l  be readily detected a t  any point i n  the pro- 
cessing flow. Both ambient and environmental space chaniber t e s t s  on each cam- 
pleted MILAB have been programed providing a performance data baseline against 
which subsequent pre-mating, prelaunch and lunar checkout data may be compared. 

Figure 4.2-1 sumaarizes the t e s t  program phases and shows the major models, t e s t  
a r t ic les  and prototypes. 



T E S T  PROGRAM PHASING SUMMARY 

FlGURE 4.2-1 

The operations esnalysis e f fo r t  served several purposes during the course of the 
study, including: 

. Provision of a mission model t o  support the design and analysis efforts .  . Evaluation of MOrsAB concept performance f lexib i l i ty .  . Dewlopent of operational sequence logic. . Operational plan development. . Evaluation of fa i lure  modes and effects.  . Assessment of r e l i a b i l i t y  and crew safety. 

I he  following sections summa,rize selected areas of the effort .  

5 1 OPERATIONAL SEQJENCE ARALYSIS 

Analysis w a s  conducted t o  Investigate mission operational requirements and t o  
verify the a b i l i t y  of the baseline M O M  concept t o  support the i r  accanplish- 
ment. An objective of the effort  was  t o  develop the mission operational sequence 
logic f o r  the baseline M O W 3  as  a system, rather than for  particular subsystems. 
The e f fo r t  was directed towards those sequences cannnm t o  the general MOLAB 
mission concept, rather than a specif'ic mission plan. 

The mission operational logic developnent provided a tool  for  the integration of 
system and subsystem functional requirements in to  a sequential flow of mission 
events. This exposes operational interfaces between system elements and estab- 
l i shes  a firm basis for  mission operational planning. 



5.2 BASELINF: SCIElJTlFIC MISSION CBEFINZTION AND ANALYSIS 

A baseline MOW mission w a s  synthesized, based on the guidelines of Annex B t o  
ALSS Statement of Work, and considerations of system constraints and astronaut 
l imitations.  

The mission includes the following basic features: 

. 14-day stsy time. ( 9  days sunlight, 5 days ear th l igh t )  . A 274 km sc i en t i f i c  traverse,  composed of a 200 km portion traversed during 
the lunar day, and a 74 km portion traversed during the ear th l igh t  phase. . The traverse includes 13 sites (s ta t ions)  of s c i en t i f i c  interest a t  which 
specif ic  s c i e n t i f i c  routines are accomplished. 

Figure 5.2-1 depicts the traverse, shwing the s c i en t i f i c  s t a t i on  locations and 
a distance summary. 

BASELINE MISSION T R A V E R S E  

FIGURE 5.2-1 
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A sequence of mission operations was synthesized f o r  the specified 14-day 
mission, using operations and task analysis and time-line analysis techniques. 
This prodded d e t a i l  mission operations data t o  support design and analysis e f -  
fo r t s .  In addition, the  a b i l i t y  of the  system to acco~nodate the postulated 
workload was verified.  The mission time line is sunrmarized i n  Table 5.2-1. 

The synthesis of the  baseline mission provided a basis  for select ing the items 
of s c i e n t i f i c  equipaent that a re  required t o  s a t i a fy  mission requirements. 
This equipnent was  evaluated in terms of usage mode and operational requirements 
t o  ident i fy  requirements imposed on the  MOLAB. 
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C R E W  TIME SUMMARY 

TABLE 5.2-1 

1 

5.3 MISSION VALUE ASSESSMENT 

For the purpose of mission value assessment, scientific activity is divided into 
four categories: 

AClIVI'I'Y CA1'ECiOllY 

CHEW PEItSONAL 

SLllEP 
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DRIVING 

VEH1CI.E CONTROL 

OUSEHVATION a NAVIGATION 

SCHEIIUIS:D VOICE COMM. 

OPEPATIONAI. 

MAIN?'. & HOUSEKEEPING 

MISCELIANEOUE 

SCIEN'I'IF'IC 

EXTRAVEHICULAR 

EXPERIMENT BUPPOHT (INSIDE) 

DRILLING BUPPORT 

CONTINGENCY 
TOWLB 

. Physical experimentation. . Geological reconnaissance. . Detailed geological studies, . Bioengineering and bic~nedical studies. 
Each category contributes significantly to the sum of rcientif ic data extracted 
during the manned portion of the mission. The value of the data accumulated in 
each category is related to numerous factore; however, a single mador paammeter 
has been selected upon which to base the data value assessment in each category, 
The unweighted dsta value for each category is unity for the baseline mission. 
Other l m l s  of accomplishment are related to this standard through applicdble 
romulas. 

Assessment parameters are as follows: 

8 
O F  MUSION TIME 

27.0 

6. a 

8.8 

6.4 

1. 1 

4.5 

I .  6 

17.4 

11. 5 

1.4 

6.0 

100.0 

CHKW DU'I'Y 
MAN A 

Ll1.0 

22.11 

34 .0  

18.1 

7.0 

14.6 

15.6 

58. B 

37.7 

5.1 

al. a 

936.0 

Category Assessment Parmmeter 

Phyalcal experhentation Point value rating of experimentation 
performed 

Ai.1.OCA'I'ION 
MAN I3 

UO. 5 

a3 .o  

15.0 

a4.9 

7.0 

16. 6 

26.6 

67.61 

3U. 8 

4.4 

14.0 

336.0 

Geological recannaissance Distance traversed 

Detailed geological. studie s Wber of sites studied 

Bioengineering and biomedical studies Mission a tay  time 

~2-83001-1 
Page 46 



Since the act ivi ty categories represent particulaj: areas of internet which are 
not necessarily of equal scient if ic  value, importance of weighting factors  are 
applied t o  ac t iv i ty  data values. The scient if ic  value of a particular mission 
i s  In the sum of the various act ivi ty date. value asseesmsnts, each having been 
adjusted by the proper weighting factor. 

Mgure 5.3-1 shws the accrual of mission sc ient i f ic  value for  the 14 day base- 
l ine  mission. Also indicated are the values of four alternate missions which 
were synthesized as  baseline mission curtailments. This mission family consists 
of: 

Alternate 1 - 7 days af local operation a t  the L E M  Truck landing s i t e ;  5 local 
s i t e s  visited; 30 m core hole dril led. 

Alternate 2 - 9 days of s t a ~  time; completion of the 200 km day loop traverse; 
no deep core drilling. 

Alternate 3 - 10 days of stay t i m e ;  cap le t ion  of the 200 km da~r loop traveree; 
30 m core hole dril led. 

Alternate 4 - 5 days of s tay time; campletion of the 74 km night loop traverse; 
no deep core drilling. 

MISS I O N  V A L U E  SUMMARY 
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FIGURE 5.3-1 

'5.4 AL'l'EZiUTE MISSION CONSIDERATIONS 

The investigation of MOLAB m i  ssionsdevlsting from the baseline provided a means 
for  e v a l a t i n g  the f l ex ib i l i ty  of the baseline MOLAB design. The requirements 
for  al ternate missions evolve from the following: 

. Revised mission goals. . Reassessed ter ra in  or vehicle performance. . System degradation or malfunction effects. 

The analysis of alternate mission sequences for  a specific MOLAB design must 
consider the t o t a l  mission time-energy balance. This balance involves the re-  
sources of astronaut man-hours, t o t a l  available energy for  locaanotion and science 



e q u i p n t  operatian, l i f e  support nxygen, and cooling water. 

fn order t o  evaluate the r e l a t i m  effects  of revlsed miesion planning and system 
malAolctions, the assessment technique outlined in Section 5.3 is  applied. 
Through the assessment of resultant mission sc ient i f ic  value, adverse trends can 
be identified. 

Table 5.5-1 summarizes the re l i ab i l i ty  predictions made versus the goals estab- 
lished. The r e l i a b i l i t y  values for  the MOLAB and its major systems represent 
the probabilities of success considering only h a r d m e  fa i lures  of the MOLAB 
systems. B l i a b i l i t i e  s for  the sc ient i f ic  equipnent , t i e  -down and unloading 
equipment, and ground support equipment are shown as  goals, not results of pre- 
diction or assessment. 

MISS I O N  S U C C E S S  S U M M A R Y  

SYSTEM GOALS MlNlWM SUCCESS MSEUNE 
MISSION MISSION 

MOLAB 0.90 0.918 0.6507 

CAUN 0.964 0.945 0.9493 

POWER 0.979 0. WW 0.9778 

SCIENTIFIC MUlPMENT 0.999 0. W9 0.999 

TIE DOWN AND UNLOADING 0.9% 0. We 0.998 

TABLE 5.5-1 

The re l i ab i l i ty  predictions for  the minimum success mission (Figure 5.3-2, alter- 
nate #I), were completed first using the same r e l i a b i l i t y  block diagram model 
that was used for the initial goal apportionment. More detail was  available by 
the time the baseline mission assessment was begun tha t  allowed construction of 
a model tha t  accounted for  e q u i p n t  Aznctions and fa i lure  ef fec ts  by mission 
phases. This more detailed m o d e l  u t i l ized the resul t s  of the subsystem fa i lure  
mode and ef fec t  analyses In developing the baseline mission r e l i a b i l i t y  pre- 
diction. 

The results fYom the baseline mission r e l i a b i l i t y  prediction and the fa i lure  
mode and effect analyses were used for  the system safety analyses. These analy- 
ses began with the r e l i a b i l i t y  prediction for  the manned phase of the baseline 
mission and examined the alternate mans available f o r  the astronauts t o  return 
t o  LEM from an aborted mission. !the preferred mode of abort m a  in the M O W  
aa long as it was habitable and manageable. 1l ErY)LAB had t o  be abandoned within 
3.2 kilo~lseters of LEM, it was assumed the astronauts would choose t o  wa lk  back. 
Beyond tha t  distance, the LFV would be used. These analyses indicated the abort 
rate to be about 75 expected per thouand missims. M thee, about 72 would 
result  in a successAxl return t o  IZN for an overall miosion safety prediction of 
0.997. 



6.0 RESOURCE ANALYSIS 

A portion of the MOLAB study was devoted t o  a resource analysis, which defines 
i n  terms of dollars and manpawer needed, the e f fo r t  t o  develop, design, con- 
struct, test and deliver five operational M O M  payloads and associated GSE t o  
appropriate government agencies. In addition, the f a c i l i t i e s  and titmi? tha t  
would be required t o  support t h i s  e f fo r t  were identified. This section summar- 
izes th i s  resource analysis and describes the approach taken, Team Bkmber re-  
sponsibilities, and resul ts  obtained. 

6.2 GEmERAL APPROACH 

The approach in performing the resource analysis is  outlined in  figure 6.2-1. 

RESOURCE ANALYSIS APPROACH 
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FIGURE 6.2-1 

The objective was t o  provide an overall perspective of the approach fo r  perform- 
ing  the required functions to :  (1) develop, design, produce, t e s t  and deliver the 
M O W  system defined by the Work Breakdown Structure, system and subsystem speci- 
fications and the system description; (2) establish the resources required t o  
perform the functions. 

The tasks involved were as  follows: 

. Iktvelop and obtain NASA approval of a Work Breakdown Structure defining pro- 
gram hasdwase and software requirements t o  Level 5 

Prepare functional ac t iv i ty  plans which define the ground rules  and proced- 
ures for  performing the functional tasks and a c t i d t i e s  required 

Clazif'y the work t o  be done by developing the system and subsystem specifica- 
tions and descriptions fo r  each hardware program element 

Develop program element plans t o  identify the decisions, tasks, ac t iv i t ies ,  
and ac t iv i ty  sequences selected for doing the work and identifying the re-  
sources required 



. Integrate the element plans t o  provide acquisition capability for  the program 
elements and for the M O W  system. 

. Time phase the M O W 3  acquisition capability w i t h  other restraining a c t i v i t i e s  
leading t o  hardware go-ahead, and develop delivery dates fo r  operational hard- 
ware, and dates for  launching MOLAB payloads 

. Allocate the t o t a l  resource requirements t o  support the schedule and establish 
f i sca l  requirements, and summize these in appropriate plans. 

The resource analysis was conducted on the premise the work required for  the ac- 
quisition of MOLAB wil l  be assigned t o  the Boelng team as noted below: 

. Boelng, as the prime contractor, wi l l  be responsible for  the overall  manage- 
ment and direction of the team ef fo r t  and be the focal point for  coordina- 
t ion with HASA and other ALSS Associate Contractors. In addition, Boelng 
wi l l  be reerponsible for  the integration, test ing and delivery of the MOW 
vehicle and its associated ground support equipnent as w e l l  a s  for the design 
d e v e l o p n t ,  manufacturing and test ing of all other M O W  subsystems and 
related ground support equipnent not supplled by the balance of the team. 
Team member responsibili t ies are stated below according t o  the MOLAB Work 
Structure 'Breakdown. 

. General Motors w i l l  be responsible, a s  a major subcontractor, t o  The Boeing 
Company, t o  design, develop, manufacture, and t e s t  the following subsystems 
and- related ground. support equipment a s  well a s  providing support t o  The 
Boeing Company fo r  the overall MOLAB system integration and tes t ing  tasks.  

Drive Mechanism 
Wheel Assembly 
Suspension Assembly 

Steering Mechanism 
Drive Parer Distribution 
Navigation and Guidance 

Radio Corporation of America w i l l  be responsible, a s  a major subcontractor, 
t o  The Boeing Company, t o  design, develop, manufacture, and t e s t  the command 
and control subsystem and, with the exception of telemetry and antennas, 
a11 of the communication subsystem. Associated ground support equipment 
f o r  these systems and components is  also provided a s  well a s  support t o  
The Boeing Company f o r  the overall M O U B  system integration and tes t ing  
tasks. 

. ?he Garrett Corporation w i l l  be responsible, a s  a major subcantractor, t o  
The Boeing Company, t o  design, develop, manufacture and test components of 
the en-onmental control subsystem and associated ground support equipent  
as  w e l l  as  providing support t o  The Boeing Ccpppany for  the overall M O W  
ECS system integration and test- tasks. 

The general approach planned by each team member f o r  performing the management 
task at the project level, the project organization tha t  i s  planned, and the ap- 
proach tha t  w i l l  be used to perform specific management tasks are noted i n  
Sections 2, 3, and 4 of the MOM Managanent Plan - Oeneral, D2-83301-1. 



6.4 RESOURCZ ANALYSIS RESULTS 

The resource analysis resul t s  are  summarized below i n  terms of schedules, costs, 
and f a c i l i t y  requirements. 

6.4.1 Schedules 

Ihe schedule resul t s  summarized in  Figure 6.4-1 provides a period of 20 months 
between completion of t h i s  study in A p r i l  of 1965 t o  the start of hardware ac- 
quisition i n  January 1967, which w i l l  be used for  conducting a program evalua- 
tion, updating a work statement and negotiating a contract. 

A L S S  M A S T E R  P R O G R A M  S C H E D U L E  

FIGURE 6.4-1 

6.4.2 Costs 

The cost resul t s  are  shown i n  Table 6.4-1 and figure 6.4-2 and provlde the cost 
data for  each hardware and software program element, the accumulative cost curve, 
and the f i s c a l  requirements. These charts depict only contractor costs and do 
not provlde for  commitment l i a b i l i t y  or profit .  The costs a l so  ref lec ts  delivery 
f.0.b. Seattle of all items furnished, and include no allowances for  post deliv- 
ery contractor support. The procurement work package cost breakdown i s  shown i n  
Table 6.4-2 and indicates the t o t a l  cost of the work t o  be performed by the other 
Team Members as w e l l  as the procurement costs associated w i t h  the Boeing ef for t .  

6.4.3 Fac i l i t i e s  Requirements 

No program dollars are required for industry f a c i l i t i e s  needed t o  produce and de- 
l ive r  the program end items. 

Goverm~ent f a c i l i t i e s  funds requirements in the amount of $1,080,000 have been 
identified t o  provide for industry needs on government operated f a c i l i t i e s  during 
post d e l i ~ r y  support operations. 



M O L A B  C O S T  B R E A K D O W N  
M O U B  COST BREAKDOWN OF 
PROGRAM ELEMENTS Rv 
WORK PACKAGES 

f n ~ s r  FUKTIONS ARE N O T  
DIRECTLY ORIENTED WITH 
HARDWARE INTEGRATION 
BUT ARE SHOWN HERE TO 
SIMPLIFY THE h4ATRIX 

PROGRAM HIRDWARE 
ELEMENTS LCVEL 4 

1.10.3 (HDWE INTEGR) 
MoUBVEHICIE 16412 1249261 2674  1 6 2  5 4 0  1.29891 342181  - 1.75601 8 9 3 8 1  

TABLE 6.4-1 

( F I S C A L  C O S T  S U M M A R Y  
mk T O T A L  P R O G R A M  

FIGURE 6.4-2 



PROCUREMENT WORK PACKAGE 

COST I C A K D O W N  

01 XJKONTUCTOIS 

1.12 
FACILITl fS 

- - - - - - -  - 
I 

TOTALS 5304 29077 60473  98569  33437 29516 31004 287380  
i 

TABLE 6.4-2 

~6.5 RESOURCE ANALYSIS LIMITATIONS 

The uti l ization of the M O M  payload w i l l  require the implementation of several 
work items for which a resource analysis has not been perfarmed in  th is  study. 
These work i t e m s  are identified on Figure 6.5 -1 

WORK ITEMS NOT INCLUDED I N  THE BOEING MOLAB COST PACKAGE 

I. SUPPORT FOR PREMATING CHECKOUT, PRELAUNCH AND MISSION OPERATIONS OF M O M 1  AND 
ASSOCIATED G.S.E. 

2. THE FOLLOWING TASKS ASSOCIATED WlTH GOVERNMENT FURNISHED EQUIPHENT: 
A. COMPATIBILITY TESTING OF SCIENTIFIC EQUIPMENT WlTH M O M 1  AND ITS ASSOCIATED G.3.t. 
8. MAINTENANCE, REPAIR OR MODIFICATION OF G.F.E. 

SUPPORT FOR PRE DELIVERY MOLAB TESTING AT GOVERNMENT FACILITIES (QUALIFICATION TESTING) OTiiEl 
THAN TEST ENGINEERS. 

5. LUNAR BASED G.S.E. 

6. SUPPORT ASSOCIATED WlTH THE FOLLOWING TASKS AS DEFINED I N  THE MANAGEMENT P U N  DZ-83I)I-I, 
FlGlltC 3.1-1 . . - - . . - - . . . . 
A. ALSS $?ACE VEHICLE INTEGRATION 
B. ALSS SPACE C W T  INTEGRATION 
C. ALSS SYSTEM INTEGRATION 
D. ALSS MISSION OPERATIONS 
E. ALSS IAUNCH SITE ROVlSlONS 

7. WORK ASSOCIATED WITH: 
A. MAINTENANCE ff M O U B  PAYLOAD AND ASSOCIATED G.S.E. SUBSEQUENT TO DEUVERY . 
B. ON SITE INCOIPCXATION OF CHANGES RESULTING FROM POST DELIVERY TESTING 
C. PROVIDING FOR RETRCf IT CWNGE KITS SUBSEQUENT TO DELIVERY 

8. LEM TRUCK AND APOLLO SIMUUTORS AS MAY BE REQUIRED FOR ACCEPTANCE AND QUAUFICATION TESTS 
FOR MOLAl AND ASSOCIATED GROUND EQUIPMENT. 

FIGURE 6.5-1 



7.0 MOBILITY TEST A R T I m  (BLOCK I) 

The Block I Mobility Test Article (MTA) is  used to t e s t  the lunar surf'ace ve- 
hicle concept selected for  the M O W  and the LSSM. The design ut i l izes  the 
6 x 6 semi-articulated mooility suosystem witn hue iaiuiiaucn required structure 
to support: the operator; operator's seat; a roll bar; instrument display; con- 
trols; and power, attitude sensing, and communication equipent,  

The scope of work performed under th i s  contract was the ini t iat ion of a design end 
preparation of procurement specification for  a full scale Block I MIIA. 

!Be preliminasy design is based on the mobility configuration concept developed 
for  the MOLAB and used as an example for the LSSM; howwer, the MOLllB basic ve- 
hicle dimensions were used and an attempt was made t o  confine its estimated mass 
t o  1/6 of MOM mass. 

The purpose of the Block I MIX i s  t o  perform lunar simuLation steady-state IUO- 

b i l i t y  t es t s  on Earth, including soft s o i l  and obstacle negotiation tests .  

Provisions would be included in  the desigp of the Block I MIX so that it can be 
mdif ied for  anticipated subsequent dynanzic t e s t s   lock I1 I~P~A). 

Figure 7.2-1 shows the general confi@.xration. In order to simulate lunar gravity 
on Earth by obtaining equivalent steady-state response, it was a design goal t o  
hsve the MPA mass equal t o  1/6 of the MOLAB mass. In order for  the mobility ele- 
ments t o  be full size and have the required strength, it is necessary that  these 
elements on the MIlA be amroximately the same mass as on the MOL4B. Since they 
represent approximately 1/6 of the MOLAB mass and the M!CA must include the ad- 
ditional elanents noted in  7.1 above, the 1/6 MOLAB mass could not be met. The 
estimated MTA mass approaches 1/4 of the M O W  ma~s. The desired steady state 
t e s t  results  are, however, not significantly affected by t h i s  mass difference. 

M T A ,  G E N E R A L  C O N F I G U R A T I O N  

FIGURE 7.2-1 



The structure is typical. airframe type construction. The vehicle is  supported 
by a torsion bar suspension system. Ihe torsion bars are designed for  adjust- 
ment t o  f ac i l i t a t e  leveling the vehicle and for  easy replacement Kith bare having 
a different spring rate  as would be required for  tho Block I1 MPA. The front  
wheels u t i l ize  Ackrmann type steering and the aft unit  w e s  articulated steering 
which is coordinated with front wheel steering. Steering w i l l  be accmplished 
through hydraulic actuation. The wheel dampers are adjustable t o  accoslnnodate 
various MTA gross weights. The wheels are of the M O M  wire mesh design, ex- 
cept that  for  Block I, t o  accannnodate the increased weight, the inner A-ame 
within the wheel i s  replaced with an inner tube which can be inflated t o  dupli- 
cate the MOW t i r e  deflection. Each wheel is  driven by an e lec t r i c  motor 
through a gear reduction and a harmonic drivle unit. A 28/56 volt  battery is 
installed on the a f t  unit. 

Ihe MlA has e lec t r ica l ly  controlled hydraulic service brakes and spring actuated 
band type pmking brakes. The =king brakes can be de-activated electr ical ly.  

The M U  instrumentation provides for  61 data channels. The system is designed 
t o  telemeter, t o  a ground station, all the data necessary for  measuring vehicle 
performance. Among the many functions included are vehicle speed and distance, 
local  accelerations, att i tudes, voltages, currents, temperatures, and wheel 
torques. 

The MTA t e a t  prt.ogram will evaluate the mobility chsnrcterirt ics of tbc six- 
wheeled semiarticulated concept of lunsr surface vehicle#. It w i l l  pennit 
evaluation of the flexible-frame, p i t ch - lh l t e r ,  suspenrion and w-1 character- 
i s t i c s  as t h y  re la te  t o  mobility and wi l l  augasnt exirrting scale model t e a t  
data. It rharild be noted that both the MOLAB and the LSSM vehicle8 u m  th i8  
same vehicle cmcept and d i f fer  principaLLy only in ralrtior dlmenrioas. !bere- 
fore, MPA test resul t s  are applicable t o  both vehicles. 

!Che t e a t  program will also cord an opportunity t o  evaluata m/machine relatioa- 
ships, gartlcularly i n  w a r d  to  visian and controller m r 8 w  cantrol character- 
i r t i c s .  

The approximately 10 percent portion of the ALSS Payloads Preliminary Design 
Study devoted t o  the Lunar Shelter Iaboratory/i%aU Lunar Surface Vehicle con- 
cept was directed a t  the elements of an Apollo Ektenaion System (AES) lunar 
surface exploration payload, a s  directed by MOLAB Note 031. 

The primary objective of the study was the analysis of mission operations and 
system performance t o  determine the pa;reimeters of an optizmrm surface mobility 
aid (Local Scient if ic  Survey Module) t h a t  would be included in the AES payload. 
A conceptual deslgn was prepared for  an example LSSH t o  further guide f'uture 
preliminary design studies of this type of exploraticm vehicle. 



8.1 EU3BNTS OF THE AES PAYIDAD 

Preliminary physical and performance definitions were established fo r  the three 
principal constituents ( i n  addition to  IBf-Shelter of the AES Payload; surface 
mobility aids ( I S M ) ,  flying mobility aids (LE'V) , and sc ient i f ic  equlplnent . 

A principal constraint i n  PES payload element definition is the stowage volume 
available within the modified LE24 envelope, This constraint, as defined by Ap- 
pendix 1 of Note 031, was studied with the aid of a 1/20 scale mockup t o  es- 
tablish limiting dimensions and overall proportions for LSSM's i n  two size 
ranges. lhese are approximately 60$ t o  8 6  of MOM size, respectively. The 
smaller vehicle i s  basically unsuited for  2-man operation due t o  center-of-mass, 
height and resulting degraded s t a b i l i t y  characteristics. It could, however, 
carry a second astronaut in l i e u  of cargo for  special situations. The l s rger  
vehicle can accammodate a 2-man crew as  a normal operating mode. Both six- and 
four-wheeled examples of these basic 1-man and 2-man vehicles were considered. 

Mobility system mass estimates were based on the LSSM proportions established 
fra volume constraints, and on M O M  mobility system design studies. 

Parer system mass estimates were guided by preliminmy formulations of mission 
profiles and preliminary estimates of LSSM locauotion, astrionics and sc ient i f ic  
e q u i p n t  power loads. The calculations indicate a mission energy requirement 
of 24 kw-hr, with peak power load of approximately 3 kw i n  the case of sc ient i f ic  
d r i l l  operations. Mass estimates were made for Hz-O2 Fuel c e l l  (with supercrit i-  
ca l  reactant storage), rechargeable Ag-Zn battery, and a family of RPU-battery 
parer generation systems. A power system mass of the order of 100 kg. is  indica- 
ted. 

Three astrionics subsystem mechanizations were formulated t o  meet three levels  
of possible performance ranging frm minimal t o  elaborate. Although f i n a l  LSSM 
design may be expected t o  provide a hybrid of these three levels, t h i s  approach 
permitted the parametric definition of a spectrum of possible astrionics sub- 
system mechanizations. For purposes of LSSM preliminary definitions, mass and 
power allotments on the order of 60 kg and 100 watts appear reasonable. 

LSSM definition i n  terms of approximate vehicle mass i s  completed by relat ing 
desired maximum payload mass t o  vehicle unladen mass, Figure 8.1-1. Preliminary 
mass estimates of 300 kg and 500 kg are derived fo r  the 1-man and 2-man LSSM1s 
respectively, corresponding t o  payload allowances of 280 and 44.0 kg. 

F'reliminary performance analysis of the 1-man and 2-man LSSM vehicles revlealed 
only amall locomotion energy and mobility differences between vehicle s izes and 
configurations. Ihe obstacle capability studies indicate advantages of six- 
wheeled configurations in step climbing and crevice crossing. For a given 
mobility system configuration, the difference in capability of the two vehicle 
sizes is  re la t ive ly  small. 



L S S M  M A S S  I N C R E M E N T S  

I-MAN * 2-MAN 

0 
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GROSS VEHICLT MASS, 100 KG 

F I G U R E  8.1-1 

8.1.2 Lunas Flying Vehicle ( U Y )  

Performance estimates were made for  point-to-point round t r i p  missions via Illi71 
a t  optimrnn velocity t o  define the relationships between propellant mass require - 
ments, payload mass (including crew), and mission radius capabilities. These 
data are approximate only, since they ref lec t  such simplifying assumptions as  
fixed dry mass regardless of propellant and payload mass, and fixed thrust-to- 
weight r a t i o  regardless of vehicle mass. 

8.1.3 Scient if ic  Equipnent 

aK equipnent for the mS sc ient i f ic  psyload was selected and placed Into cate- 
gories according t o  Appendix 2 of MOLAB Note 031. !BE trslue ratings fo r  scien- 
t i f i c  equipnent established by Bendix i n  the i r  Scientific Mission Support Studies 
were normalized on the basis of the t o t a l  equipnent candidate list. Plotting 
these value Increments vs the associated mass increments, with pr ior i ty  order as 
established by the Bendix ratings, resul t s  in the valw rat ing chart shown in 
Figure 8.1-2. 

S C I E N T I F I C  E Q U I P M E N T  V A L U E  
BASED ON BEND l X  SMSS - BSR 1074 

NORMALIZED TO 507 KG = HX) 

CUMULATIVE E Q U I P M M  MASS - WO K 

F I G U R E  8.1-2 



8.2 AES MISSION ANALYSIS 

Geological reconnaissance is considered of highest pr iori ty for  early lunar 
surface missions, and about two-thirds of the sor t ies  should be of t h i s  type. 
Two-man operation enhances mission efficiency by allowing the geologist t o  con- 
centrate on h is  primary discipline during and between stops while the driver 
performs the secondary tasks of driving, surveying, sampling, and photography. 

Approximately 50 percent of the sor t ie  duration w i l l  be ut i l ized In travel,  and 
the extent of reconnaissance traverses w i l l  be dependent upon the vehicle speed. 
A cruislng speed of 8 h / h r  i s  required t o  cmplete a 24 km traverse t o  the 
outer limit of the available area during a six-hour sort ie .  

Geophysical experimentation is  considered of second pr ior i ty  and about one-third 
of the planned sor t ies  should be of this type. One -man operation is adequate 
since observation of the terrain for  other than driving purposes w i l l  not be 
necessary. Stations may be selected and located during geological reconnaissance. 
Sorties t o  pre-selected and located stations w i t h o u t  the necessity for  observa- 
t ianal  duties during travel  w i l l  yield maximum time for actual experimentation. 

Because of PISS limitations on astronaut ac t iv i ty  time outside of the LPI-Shelter, 
cs relatively large block of mission time is  available for sc ien t i f i c  ac t iv i t i e s  
conhcted within the LEM-Shelter. A correspondingly large amount of sc ien t i f i c  
e q y i p n t  can be effectively employed in  these ac t iv i t ies .  

The mobility and sc ient i f ic  eleaents of the A&S payload were evaluated i n  t e r m  
of the i r  contributions to the three mission categories of geological reconnais- 
sance, geophysical experlmentatien, and =-Shelter experimentation. 

8.3.1 Geological Reconnaissance 

The relat ive capabilities of 1-man and 2-man LSSM vehicles for  geological recon- 
naissance within the framework of the AES lunar surface exploration concept were 
evaluated on the basis of the i r  ratings In four mission success f a c t ~ r s .  The 
LEV is excluded from t h i s  evaluation since i ts performance characteristics are 
basically unsuited t o  geological reconnaissance operations. 

O f  the four rat ing factors, crew carrying a b i l i t y  i s  rated highest in  importance 
(4@) on the basis of operations considerations tha t  emphasize the importance 
of providing for  a specially trained scient is t ,  with maximum freedan t o  concen- 
t r a t e  on h i s  observations. Vehicle speed and mobility characteristics axe rated 
next i n  importance (25$ each). Cargo carrying capacity is rated lowest (lo$) 
since the mission requires a minimum of sc ient i f ic  payload. 

On these bases, the 2-man LSSM exhibits a 5% mission success advantage over the 
1-man vehicle. 

8.3.2 Geophysical Experimentation 

Both  1-man and 2-man LSSM vehicles and the LFV were evaluated against the mission 
success factors of geophysical experimentation missicms. In t h i s  case, the time 
available fo r  remote s i t e  experimentation is considered of chief importance ( 5 0 $ ) .  
The LFV rat ing in t h i s  category is based on additional analyses that indicated 



anly one sortie could be conducted without excessive penslty to the total mass 
allowance for scientific equipent. Mobility and cargo capacity are judged 
next in importance (20qd each). Crew capacity is ranked lowest (lo$) since 1-man 
operation is considered adequate for remote experimentation operations. 

The 3096 advantage of the 2-man LSSM over the other candidate mobility aids is 
less pronounced than in the case of geological reconnaissance and would be even 
less so with more pessimistic vehicle speed assumptions. 

8.3.3 LBf-shelter Experimentation 

The rating for LEM-Shelter experlamntation is obtained by considering the scientific 
equipnent lsass allowance and the accumulative equipment msss scoring curve shown 
in Figure 8.1-2. No additional value is allowed for equipanent inventories in 
excess of 507 kg., since reqnirenents for only that amaunt have been identified 
at this time. 

A representative set of AES lunar surface exploration payload configurations 
(!Fable 8.4-1) was formulated by establishing six feasible ccrnblnations of the 
three candidate mobility aid pa3rload elements (1-man and 2-man LSSM's and the 
LFV) to accarmodate three types of surface missions (geological reconnaissance, 
geophysical experimentation, and rescue). Estimated mass allarances for system 
integration were then added to the vehicle canbination masses, and the difference 
of this total from ll36 kg defined the final element of scientific equipnent mass. 

A E S  P A Y L O A D  C O N F I G U R A T I O N  

TABLE 8.4-1 

GEOPHYSICAL 
EXPER IMENTATION 

me LFV =so of 400 kg in Configuration 1 provides sufficient propellant for a 
single 8 km distant geophysical r e c d s s a n c e  sortie, plue reserves for a rescue 
mission. The LFV mass of 260 kg In Configuration 3 provides for a single rescue 
mission only 

SCIENTIFIC 
~ U I P M E N T  
MASS, KG 

SYSTEM 
INTEGRATION 

ALLOWANCE, KG 

361 

75 

536 

HM 

251 

125 

786 

50 

461 

75 

21 1 

125 



8.4.1 Crew Safety 

Preliminary safety analyses were conducted based on typical 14-day missions and 
paylaad configurations incorporating various combinations of the vehicles dis- 
cussed previously. 

In  general, a l l  of the LSSM vehicles appear t o  be quite safe i n  t h i s  analysis. 
The analysis, however, shows tha t  the LlFV is  apparently l e s s  safe i n  i t s  use a s  
an operational vehicle. 

8.4.2 Mission Success 

'Phe six AES lunar surface exploration payload configurations were evaluated for  
mission success potential  by weighting and ccunbining the i r  capability ratings i n  
each of the three facets  of the sc ient i f ic  misaion. %e weighting factors used 
ref lect  mission analysis estimates tha t  emphasize the importance of geological 
reconnaissance activity,  especially for  early lunar exploration missions. 

Configuration 2, incorporating a single 2-man LSSM and 536 kg. of sc ient i f ic  
equipnent, scores d is t inc t ly  higher than the other five i n  mission success 
potential. 

Although it is recognized that more refined analyses of crew safety and mission 
success may resul t  in  different conclusions, t h i s  evaluation is considered suf- 
f ic ient ly  clear cut t o  warrant the selection of Configuration 2 a s  the basis for  
initial conceptual design studies. 

A s  s resu l t  of the preliminary operations and perfornrsnce analyses,  genersl rrystem 
requirements were established and used as the besie for  an example LSSM concep- 
tual design (XLSSM) : 

. The mobility subsystem will be based on a 6 x 6 semi-flexible frame configura- 
t ion slmilar t o  tha t  incorporated on M3LCLB. 

, The LSSM w i l l  provide capability for  carrying a two-man crew plus 170 kg of 
sc ient i f ic  equipmnt. 

. The target  unladen mass (Frilly *led but without crew or cargo) is  500 kg. 

. A 300 watt radioisotope themionic generator w i l l  be used i n  conjunction w i t h  
a 4 kw-hr battery. 

Table 8.5-1 and Figure 8-54, summarize the dimensional characteristics and 
general arrangement of the XISS#. 

Table 8.5-2 summarizes estimated mobility performance characteristics of the 
XLSSM. ~ a b k  8.5 -3 sutmmrizes the X L W  mass estimates, 



XLSSM GENERAL CHARACTERISTICS XLSSM GENERAL ARRANGEMENT 

DRILL 

a 
V H  ANTENNA 

,-Y_--- 

SCIENTIFIC CARGO 

TABLE 8.5-1 FIGURE 8.5-1 

XLSSM PERFORMANCE CHARACTERISTICS XLSSM MASS SUMMARY 

DESCRIPTION 

POWER SYSTEM 
ASTRlONlCS SYSTEM 120 
MOBILITY SYSTEM 6% 316 
CREW SYSTEM 65 29 

1139 5 2 8  
ASTRONAUTS 402 182 

TABLE 8.5-2 

PLSS 
SCIENTIFIC E W I  PMENT 

GROSS VEHICLE MASS 

TABLE 8.5-3 

It is important t o  keep in focus the particular judgments and assumptions t h a t  
influenced the course of t h i s  analysis. The emphasis placed on the su i t ab i l i ty  
and effectiveness of manned geological reconnaissance for  esr ly lunar explora- 
t ion missions, with the associated high-value mobility aid parameters of speed 
and 2-man crew capacity, was chiefly responsible for  the indicated advantage of 
the la rges t  s ize LSSMthat can be provided. 

790 
381 

2212 

The indecisive nature of the safety analysis, which was not interpreted as  in- 
dicating a material advantage for  s system Incorporating a redundant rescue 
vehicle, further supported the advantage of a single large vehicle over two 
smaller mhicles.  

132 
173 

1W5 



The XLSSM preliminary mass and performance estimates are considered reasonably 
va l id ,  since from a mobility system viewpoint the vehicle is  essentially an 8O$ 
scale MOW. However, the subsystem design concepts tha t  affect  the vehicle's 
operational usefuhess are i n  many cases d is t inc t  from those suitable for  M O W ,  
and further work w i l l  be necessary t o  define an optimum design, 

A more objective analysis of lunar sc ient i f ic  missions is  necessary t o  establish 
the requirements placed upon the exploration system by the sc ient i f ic  endeavor, 
This analysis should de ta i l  mission profiles t o  a c c ~ p l i s h  specific sc ient i f ic  
tasks and t o  ref lec t  r e a l i s t i c  estimates of man's capabili t ies under the extremes 
of s tress  tha t  w i l l  characterize lunar surface exploration. 

Additionally, more detailed LSSM preliminary design and program definition 
studies should be conducted. These could u t i l i ze  the current XISSM conceptual 
design as  a point of departure, and i n i t i a l l y  examine in laore depth the impact 
of alternate subsystem design concepts on vehicle performance and mission safety. 

A canplete and well-validated rchedulirpg and coating of the ent i re  MOLAB program 
has been made, including necesevy research and developpent work, assxaning the 
start of the ac@si t im phase in Jmuary, 1967. Listed below m e  those areas 
of research and advanced technology deve1opnent in which ea r l i e r  work would be 
most beneficial t o  tbe MOLAB and other lunar exploration programs. It is 
recammended tha t  these ituma be implamnted before 1967 to enhaace the ear ly  
delivery of s succeseful lunar explorstfan rrystea In s cost effective manner. 

1 1  Biotechnology and Human Research 

Space Suit Devlelopnt - Msn's sc ient i f ic  effectiveness on the Moon will be 
bounded t o  a large degree by mobility and dexterity afforded by the pressurized 
s p c e  suit .  Capability beyond tha t  of current space su i t s  or  the i r  foreseeable 
derivatims should be a d e v e l o p n t  obdective. Dewlopent should proceed on 
a non-specular ref lect ive space s u i t  coating campatible with thermal requirements. 

Astronaut Vision - A ccmprehensivle simulation should be made of the astronaut 
navigating and driving task under lunar lighting and reflectance conditions, with 
object recognition against nm-contrasting backgrounds. 

Lunar Gravlty Effects on Man - Research required lnvolv~es further definition of 
man's work capability, the physiological effects  of nem weightlessness, and man's 
reaction t o  multiple stresses (noise, heat, vibration, work load) while under re-  
duce d gravity. 

9.1.2 JCkctronics and Control 

Fkmote Driving - Detail design of the television subsystem requires tha t  a lab- 
oratory simulation program be conducted t o  define:etereo baseline; frg~e r s t e  and 
resolution versus speed and task; and vehicle motion ef fec ts  on operator effi- 
ciency. Analog airnulation of the MaLAI3 on-board control loop has verified the 



chosen design concept, but a t o t a l  system simulation with a remote human operator 
i s  required. An astrionics equipped MPA would be appropriate. 

VBF Propagation - Theoretical and experimental research should proceed t o  estab- 
l i s h  feas ib i l i ty  of a beyond line-of-sight VHF communications and radio direction 
finding c q a b i l i t y  on the Moon. 

9.1.3 Materials and Structures 

Cryogenic Tanks - Insulation devel.op?lerrt should focus on the pract ical  meens of 
achieving reproducible, neex-theoretical conductivities fo r  insula.tion applied 
t o  !@LAB-type tanks. Special emphasis must be placed on the design and develop- 
ment of an integrated cryogenic storage system meeting MILAB requirements. 

Lubrication and Bearings - Bearings and lubricants w i l l  probably present the most 
severe materials problems i n  the ent i re  vehicle. WLAB and other lunar vehicle 
usage i s  unique because of the relat ively high load and shock requirements i n  
combination with l o w  temperature, high vacuum, and dust environment. Current 
knowledge must be supplemented by comprehensive t e s t  program. 

The& Coatings - Added weight in  water boiling would be required i f  expected 
surface coat iws  were not achieved. Current experimental coatings approach the 
requirements, but development work i s  required t o  obtain production quality 
coating t o  survive the l o w  term lunar exposure. 

Hatch Senls - I.DLP.2 hss 9 strixgent cmpartment leakage design goal. A.P andys i s  
and t e s t  program i s  recommended t o  develop and demonstrate sealing adequacy. 

Radioisotope Power U n i t  - A development program should be started leading t o  the 
avai labi l i ty  of a low-mass 100-w~tt radioisotope thermoelectric generator f o r  
MDLAB.  his requirement stems from p e r  demands of the W M  d k n g  storage. 
A conclusion was reachen, during the fa i lure  mode and cost effectiveness analysis, 
that  added safety would be provided the crew ( in the case of complete fue l  ce l l /  
power cryogenic fa i luse)  i f  the RPU was sized a t  approximately 300-500 watts. 
Also, studies of the LSSM power requirements indicate tha t  250-300 watts i s  
optimum f o r  postulated missions. merefore, additional system analyses and de- 
sign feas ib i l i ty  work should be centered on a 300 to 500 watt thermionic genera- 
tor fo r  both MDLAB and the LSSM. 

Fuel Cell - A fue l  c e l l  developnent program is  required t o  meet the M)LAB perfor- 
mance md mass allocations. Mew f'uel cel l  designs indicate savings of 450 kg 
w e r  w e  of the Apollo design, Since the time t o  qualified hardware i s  estimated 
t o  be 40 months, t h i s  item i s  one of the significant pacing items f o r  the  WUSB 
P r o ~ r n .  

9.2.1 Meteoroids 

Primary sporadic meteoroids, meteoroid showers, and secondary lunar edecta caused 
by the primary part icles  constitute the hazard f o r  which mLAB must be designed. 
Current M3W9 design c r i t e r i a  are i n  l i n e  with available data; however, no 
rational account i s  taken of meteoroid showers o r  edecta. These l a t t e r  effects  



may impose severe restraints on the KILAB design. The lunar surface meteoroid 
hazard could best be studied by a stationary lunar-based penetration-type senuor 
wi th  od-d i rec t iona l  sensing areas. 

9.2.2 Surface Temperature 

Further attention should be placed on defining mininun lunar surface temperatures. 
Mnimum temperature can affect environment control, materials selection and com- 
ponent t e s t  ewironments. 

9.2.3 Surface Composition and Terrain 

An early, encouraging indication i s  the relative agreement of surface mugbness 
content between R q e r  7 derived data and the assumed surface for  KXAB design, 
Surface sampling by Surveyor may yield data that cauld permit further optimiza- 
tion of mobility design. 

9.2 . 4 Particulate Radiation 

Additional data i s  required on solsr  particle events, solar wind Ecnd electro- 
magnetic radiation t o  deternlne thei r  potential hazard t o  MILAB. Solar Cycle 20 
research plans appear adequate i n  obtaining t h i s  data. 

9.3. SUGGESTED A D D r r I O r n  EFFORT 

9.3.1 Beneficial Early Development 

Very l i t t l e  new basic research i s  required fo r  bDLAB. It i s  recommended that  the 
engineering development and study tasks which have been identified be implemented, 
A first step should be the detailed description and time phasing of the various 
recommendations. 

903.2 LEM Truck Capability 

The LEM Truck descent mass capability is very important i n  defining the WLAE 
vehicle and i ts  lunar surface operation. It is appropriate that  t h i s  capability 
be defined as well as possible now and that  future MDLAB work be constrained t o  
produce a mission/design consistent with th i s  capability. 

9.3.3 Ground Support Equipment 

Further study i s  required i n  the area of Ground Support Equipment. An esrly 
identification and integmtion of a l l  GSE Requirements t o  support the MILAB 
System Concept i s  necessary t o  make maxim uti l izat ion of existing Apollo gKnrnd 
equipnent a t  KSC, MSC, MSFN remote s i t e  stations, and identify any additional 
lower level equipnent not covered by th i s  study. 

9.3.4 M3LAB/~cientif ic Experiments Integration 

More' detailed examination i s  required of the packaging, operability and inter- 
face requirements of the KlUIB scientif ic  experiment packages. As an example, 
the d r i l l ,  as currently configured, does not lend t o  effective integration with 
the M3LAB vehicle. 



9.3.5 M O W  Adaptation t o  Mission Criteria Variations 

It is recommended that  the proposed MOLAB vehicle and its operation be re- 
viewed for conformance with missions i n  which some of the basic c r i t e r ia  are 
different. Suggested studies include: reduction of six months storage to  
three months, i n  which the Launch pad operations a m  psrt of the study; and a 
study of landing MOLAB outside of the currently considered l u m u  latitude- 
longitude limits, even on the back side of the Moon. 

MXAEl is  designed fm accommodate a wide spectrum of possible lunar surface con- 
ditions. A study should be made of the potential system advantages should the 
SurPeyor and Lunar Orbiter data show the surface conditions t o  be defined with- 
in narrower limits. 

9.3.6 PeDLAB Reuse 

Added thought should be given to  the extended uti l izat ion of a MOLAB vehicle 
bepnd i ts i n i t i a l  two-week mission. Study should be wade of the possibility 
of expendables replenishment and s t ibsepnt  addit iond surface missions. Work 
should also proceed along the lines of how MDLAB mw be left,  unmanned, t o  pro- 
vide the most benefit as a testing laboratory, meteoroid sensor, Landing beacon, 
etc . 
9.3.7 Cost Effectiveness Comparison of IZhi-~helter/~~SM aad MOLAB 

Work should be started on making rea l i s t i c  c o ~ i s o n s  of the several appli- 
cable lunar surface exploration systems. m e  f i r s t  task is the evolution of a 
rating technique fo r  ~ c o n x p l i s ~ t s  on the Moon. Total cost effectiveness 
w i l l  hPme t o  include booster costs, conmonali~ With other programs and other 
factors t o  keep the "Moon hardware" costs in perspective, 

Recommended study areas include mission and operations analysis t o  establish, 
more objectively, requirements placed on the exploration system by the scientif ic  
endeavors, Uso, detailed LSSM prclhinary design and program definition studies 
should be conducted. 

'Phe Mobility Test Article w i l l  be an extremely ueef ul vehicle fo r  study of 
manned lunar nobility. It is recommended that added work be done on defining 
"malltt dynamically scaled models (say 1/6 size) t o  produce verification of 
aua4tica3. vehicle design data. 

Boeing Coaapany and i ts  Team Medbers have evolved the conceptual deuign of a 
Mobile Lunar Laboratorg which w i l l  meet o r  exceed the requirenmnts identified 
by the EASA. The design proposed has versat i l i ty  i n  accomplishing i t 6  mission 
over a wide raslge of lunar environmental and terrain conditions. Ektensive use 
of Apollo components, equipment and fac i l i t i e s  i s  made i n  the MOLAB system. 
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9.4 EXRMAFE (continued) 

Although the vchiclie proposed does not meet the target mase of 6500 l;bm 
(2948 kg), it can be successfully landed on the luaar surface by a LPI truck 
with the currently indicated capability. Additioaal MOLAB mags redmtions 
wuld involve reduced mission capability or  a higher 2isk design. 

Very l i t t l e  new basic research is required for M O W .  It is recommended thkt 
the engineering development and study tasks which have been identified be im- 
plemented. A first step should be the detailed description and time phasing 
of the various recommendations. 

Confidence can be placed in the MOLD resources planning. Both costs and 
schedules inforrnstion have been validated by comparisons with other programs 
down to a relatively detailed level. 

The MOLAB Program is an effective extonsion of the current A p a l l o  Program. And, 
when considering the current irrpes*nt in the Agollo Program, and the high 
costs of delivery of payloads and men t o  the lunar surface compared to the 
estimated costs of the M O M  Prom, it may xeU. be the mbst cost effective 
means for  1- exploration. 



ACE 
AES 
ALSS 
C&C 
CM 
CSM 
DP/W 
DSIF 
ECS 
HX; 
FVA 
GFE 
GSE 

KB/SM: 
KSC 
LCC 
In4 
LEV 
L82 
m 
LSS 
Ism 
EgCC 
MOW 
EdSFC 
Msl??! 
MSOB 
tiIlCA 
n 
RDF 
REV 
m 
VAB 
m? 

10.0 Gm- 

Apollo Acceptance Checkout Eqw@m+nt 
Apollo Extension System 
Apollo Logistics Strpport System 
Comand and Control 
Caamnand Wdule 
Apollo Coxnand and Service Modules 
Draw-bas-pull t o  Weight Ratio 
Deep Space Instrumentation Facility 
Envimnmental CoKtrol System 
Engineering Lunar Surface Wdel 
ESrtravehicular A s t r o n a u t  
Government Furnished E q y i p m t  
Ground Support Equipiment 
Soil Wdulus of Deformation 
Kilobits per Second 
Kennedy Space Center 
Launch Control Center 
Lunar Eccursion ModuLe 
Lurrar Wing Vehicle 
Liquid 
Liquid Oxygen 
Life f3qppx-t System 
b c a l  Scientific Survey Module 
Mission Control Center  ouston on) 
Mobile Lunar Laboratory 
Marshdl Sperce Flight Center 
MaPned Space Flight Network 
Manned Spacecraft Operations Building 
Mbl l i ty  Teet Article 
Soil Deforniat ion Ekgonent (Dinemionlee rr ) 
Radio Direction Mading 
Radioisotope Fower Unit 
Radioisotope Tharmoelectric Gemrator 
Vertical Assennbly Building 
very mq=ncy 
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