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APOLLO LOGISTIC SUPPORT SYSTEM 

INTRODUCTION 

The Apollo Logistic Support System (ALSS) h a s  been conceived to 

augment P r o j e c t  Apollo in support of scientific exploration of tile 

iMoon. This System would do s o  by providing increased  stay-time, 

.additional surface mobility and equipment. Since the lunar  
. . .  

sur face  cannot b e  economically covered in i t s  entirety by su r face  

exploration, such a System m u s t  b e  carefully planned if maximum 

possible r e t u r n  of data is to be obtained. It will be shown that 

ALSS takes full advantage of P r o j e c t  Apollo development. A 

hypothetical miss ion  operations plan i s  developed to i l lus t ra te  

. how ALSS can be used ior  a lunar  scientific mission.  

. OBJECTIVES 

Exploration of the Moon affords a unique opportunity to, advance 
. . 

knowledge of 'the universe beyond t e r r  e s t r i a ~ .  bounds. Further '  

knowledge of lunar  h is tory  is expected to provide answers  con- 
. . 

, cerning the or igin of both the Moon and the E a r t h . .  Ranger and 

Surveyor type miss ions  hopefully will provide m o r e  knowledge of 

the Moon than i s  available now. A.pollo and Ppst-Apollo miss ions  

will provide additional knowledge and will ver i fy ea r l i e r  data.  

The bas ic  exp'eriments and observations to be per formed should 

be carefully chosen so  a s  to provide the 'most useful data r e tu rned  

f r o m  surface  mission. 
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. . , . .., , - . , .. . . 1 5  a ,.. .: I. 

' . I  

. ... Scientific missions will require many observations in  order  to 

provide valid data. This requires increased stay -time beyond 

B . .. , ,"  ,, that of the present Apollo. The basic functions.of eating, sloeping, ' 

. I 

. . r e s t  and housekeeping a r e  time consuming, a s  a r e  orderly data 
8 . ." 1. ," 

I exchange and conference with Earth. Time is needed to allow the 

I . .. 9 ,. 1, i, 

/ . !  . 8 ,  

scientific instrumentation to stabilize; it is needed also to detect 

. .. cyclical forces a t  work; for example, thermal changes between 
. . , < . .  

lunar day and lunar night. Should there be an anomaly on the 
' I * . . I , . . ,  

. . , ,  , .. surface, time is needed to' determine which is the exception and 
, . 

' " ' ' ' ,,, .,I ' 3 

8 .  . which is the normal condition. ' Present  space -suit designs 

probably will afford only very limited mobility on the lunar surface; 

traveling short  distances will require appreciable time, even in 

the l e s se r  gravity of the Moon. 

This means that'increased crew mobility is needed. A local . 

1 . -  environment for life support cannot be provided by a space -suit for 

very long periods without incurring extr eme weight penalties. 

These penalties, of course, exceed the physical capabilities of 

man. A wealth of data can be obtained a't a fixed site,  but it is 

believed that by providing increased mobility, very much more  

I _ . . . (and more meaningful) data can be obtained. This assumes that 

mobility is one excellent way to benefit from man's unique 

I abilities in remote a r ea  exploration. 

Increased stay-time and mobility require more  equipment than 

Project  Apollo presently provides. While more  scientific . 
I 

instrumentation would be required, the major increased equipment 

% , requirements a r e  for sustaining operations beyond Apollo 

capabilities. One means by which these requirements can be met  
. . 

i . .  

C 

3 .  



(and, a t  the same time, make fu l l  use of Apollo elements) i s  by 
. I  . . . .  . . . .  . . 

. . 
. . . . . . .  '- - a Lunar  Mobile ~aboratoz-y (MOLAB) which ian'sustain : , ,  '.. . . .  . . . .  . . . . : : .  .: 

a two-man crew for extended periods and which can provide enough . , 
I .  scientific apparatus to obtain basic and reliable selenologic and 

, ,. . 
selenophysical data about the Moon. 

. , . . . . ;  
8 .  . . . .  : 

. . . . 
:, .'; . . 

. . . . . . . . .  ' ..., 8 : .' SYSTEM DEFINITION , . . 
. . . . .  . . 

. . 
. . . . . . , . . . 

. . . . . . .  . . . . . . . . . . . .  . . . . . . , . . 

!, . . . . j .  ' ' . ' 
1 ' : .  . . . 

. . . . . . ; . . ~ a u n c h  Vehicle and spacecraft , , . . . . 
: :  :. . . 

. . 

,.... ... : .,.(. . .: . :: :,. . . .  
. . . . . .  

. . . '  
? ! ' .  '. 

) .  s . .  . The Apollo' Logistic Support sys tern (ALSS) i s  defined as being the ', 

launch vehicles, spacecraft, flight crew, Earth-based support 

systems, and the functional payload which i s  delivered and 

. . .  

. . . LEM 
. . 

Fig 1 Conversion of LEM Into LEM-Truck 

operated on the lunar surface. Two .space vehicles a r e  required 

for each ALSS mission. . One is  for delivering the functional pay- 

load; the other delivers the astronaut crew. The major difference 

'f. 
- .  
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stage guidance and control systems normally placed in the LEM 

. . 
I . I  % . ,  ascent stage. This would be required, since the LEM-Truck must  

. I . .  

land automatically after  braking into lunar orbit and separation 
I , . .# . 

from the Apollo ~ o m m a n d / ~ e r v i c e  Module, The other change 
, , , % ' t , .  I' ( " . ' 

would be provision of an unloading mechanism for the payload. I . . ' I  

I . . :  ,,; . , This, too, would have to be automatic, since it i s  assumed that a 
. . . . . ' :. . .'.. :, , . . . ,. . I:,. ,.. . . . . .  , 

. . 
. . 

. . . . . . .  . .  . . landed crew would be physical ly incap~ble  of unloddingi payload. .:. " 
: ! '  : ;.,. .:.;.:. ...;. ,. .., . 

.: , , .. 
.:. ... ;. ,. r. ., ; t  .. d ,  I,..t!.. .' 

. . . . .  _ . . . . .  . . .  . . . 
I t  is presently expected that a LEM-Truck could deliver 3,200 kg 

. . . . .  . . . _  . . . . .  

-: . ., . - (7 ,.a00 lbs)  to the lunar surface.. : . . 

.. , :.. , . ,.* I . ,  ,- 
. , . I  ,, 1 Accompanying the cargo spacecraft would be two o r  three crew 

I - members in 'the Command Module. They would hot descend to the 

lunar surface but would remain in a lunar parking orbit until after 

the LEM-Truck has landed. A typical profile for this operation is 

shown in  Fig. 3. The crew could verify the landing site pr ior  to 

and after  landing of the LEM-Truck. In addition, they could also 

conduct limited scientific observations while in  parking orbit; this 

mission could be .a training mission for a t  l e a s t  one crew member. 

The manned spacecraft would follow a similar profile, except 

that the Command Module remains in lunar orbit until the landed , 

crew' member s rendezvous after  an extended mis sion. 

Mission Control 

It  i s  assumed that mission control for ALSS will be provided by an 

. Integrated Mission Control Center (IMCC') by means of the Deep 

Space Instrumentation Facility (DSIF) and Apollo tracking network. 

This control would also include remote payload unloading, 
' 

monitoring and periodic check-out (in-flight and after  landing), and 

Earth-controlled operation of the payload on the lunar surface. 

. . 

G 
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. . - h i m  to c r o s s  a r e a s  that cannot be negotiated by ei ther  z mzn 
I .  I .  . .  

I , , . .  ' afoot o r  by a surface vehicle. Even where  surrounding t e r r a i n  
I . '  

. . ' I _ is readi ly negotiable, local conditions may be such that i t  is not 
8 .  , , e  - % 

. .  advisable to r i s k  being on foot o r  to  use the surface vehicle. Since ' 

. . 
L ,, . .  
, ' . . . . . . . .  . surface t rave l  on'foot i s  expected to b e  a ma jo r  task fo r  a n  

s . > b : . > & I  
as t ronaut  i n  a space-suit ,  f r o m  both energy and t ime  demands,  . .' 

. I , . .  

a Hopper would inc rease  the capability of the as t ronaut  for  satis - 
. , .  , .. ..., \ ,.,... ' l l . s ?  . . . . . . . . . . . . . ;  . . . . . . .  T ' .  . . . 

.;; .? :: .: .:. !'. ... .. . . -  
. . 

, I  : . . .. . +:-i::,,: . .... . fying miss ion  requirements .  Crew. surviabili ty would b e  grea t ly  
. . . . . . . . . . . . . . . .  . . .  . . . .  ,: .. _.. 

:;I. . . . . . . . . . . .  . . . .  . . 
. .,.. . . . . . . .  ..?. , . : , ~ . ~ : , : . - ~ , ! , 3 :  :,.; ;, '. ' .  :knhan;ed, since the Hopper could s e r v e  as a n e m e r g e n c y  escape . . . . " .  

. . . . \ :  . . . . . . . . . .  . . . . . . . .  . . . . .  . . . . . . .  . . . . .  . . . . .  . . . . . .  < . . . . . . . . . .  . . .: . . "  . . ~ .  - device to return. . the astronauts  to the LEM landing sit&.. AS a ' _ _  . ....-...... ..: ;1,::.:.r :;., . . . . . . . .  
. . .  .. . . . . . . .  . . 

, . . . . I  
. . . . .  . . ~. . . . :..I.,..,: ,... . . . . . . . . .  ., . . . . :  . .  .:. r k s ~ l t ,  m o r e  fleldbility tould  bkiall&wed in planning ' lunar .  . '' . ,' ' 

. . . . . . . . .  . . . . . . . .  : . . . . . . .  . . .  . . 
I .  . +, '. ,.'. ._ . . . . . . . .  _' . . . .  '..._.. ..... . . . . . .  . , . _ . ,  . . I . , . .  .. . . . surface missions.  . . : :  s . .  . : . . .  . . . . . ' . . .  :. : . . . .  . . . . . . . . .  , :,. .:..'. .:: . . ' I .  . .  . . .  . . . . . . . . .  . . .  . . . . . . . . . : . . . . . . . .  . . . 
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, . . . .  LUNAR MOBILE. LABORATORY' (MOLAB) 
;!.". ; '>. ;$ ...... < ,:: . . . . . . . . . . . .  . , / .. . . . . 

. . ..:*: . >  . ..;:;, . . .  . < :  <.: . . . . . . .  . .  . : ,  . .  ,;.. ' . <  : . .  .:............. .. . . -.. . _  ' _ . . . . .  " .  : :  . . . . . .  . , . . .  .:,_ .:. . .  .,>>:-.,;..,... .; ;,,. ,..:... . . . .  . . . .  
. . . . - .  . '.. ..-. . : .  ...!. ...... ,..:.,.. .:. General Description A . . . . . . . . . . . . . .  . . .  -. . . .  . :  . ....', .:.. .. .-.::. . . . . . . . .  . . . ' . '  . . . . : . . . '  

< : ,, ; .,,..: ""..... . . . .  .. . . . .  . . . . . . . .  :.., ... . .  , . . .  . . . . . . .  ,, ' . " .  . . . . . . . . . . . . . . : . .  . . . :  .... . . . . .  , . 3 : : , a . ,  -.. ...-., <.' . .  ..:, . . . . . .  . , :. ~ h e ] ~ a ~ l & d  for  an Apollo Logistic,  Support System.that a p p e a r s .  . . .  
" _  :., . . .  : , . < , . ,  .:.a .:.. ; .. . *  

^ . . . . . . .  . . . . . . . . .  . . . . - . . .  
: 1  . . . . .  . L .. . . . . . .  . . . . . .  . .  . . ..::, . . . . I - . . I . . ~ o ~ t  . . s i t i s f ac to ry ' i s  t h e  MOLAB. This pro jec t  is present ly i n  

. . .  . . . . .  ., . . .  : . . . . . .  ;,,<.: ,> . :::., .:.... . . . .  . . .  . . . 
..~..............:..........: . i '  t h e  pre l iminary  design study phase,  but 'lt is based  on studies . .  1: . :., . . .  .. . . . . . . ; .  :.. .. . .; '. . . .  . ._ . . . _ . . . . . . .  . 

:: . . . . . . . . . . .  . . .  ., . , . . ,._. ,.. :. - ' '.' . . 
. .  : _. .. .).,./ . . . .  :.. ... . . .  . ,_  ,.  . . ,. .< .- . . . . . . . . . .  -.. '..: conducted during the last year  and a half by NASA and industry.  

. . .  i _ . . . . _ . . . . . . .  . , . . . . . .  . . . . .  . . . . . .  :... ::::: 
" _ . , , . ., , . . I?. . .. 
.. :... . . .  . . . . . . . . . . . . . .  . .  . . . . . .  .. . . ..: :-. ...... ,. :. .' . . .  --Thes'e . . .  'studies indicate that the MOLAB should sat isfy .the following 

:, .> .... -': .:.... -.::.:<: .,.:. . . . . . . . .  . . . . . .  . . . .  ., .;. .:.( #'. . , . . ".' ' -. ...:: , . . . ,,.. . .  .:. .., . . .  , -... .. : requirements:  
..(_ : . . . . . .  . . . . . . .  

. . ':,.;;,:~~.;,~:,..;-,;:,:;..:. . *  '. . . 

:.I# . ... .< . . . . . .  . .: .:.:.. . . . . .  -<:. . - .'.: : .. 1'. - . Should provid'e she1 te r  and mobility for  two . c r  ew members .  . . . .  . .,. , . ' , '  .. -;, :., . . . . . . . . . . . .  . . .  . . .  . . 
:'. .:... . . . . . . . . . . . . .  - . .  , .;. ::.. ;'.'."..: -. ' . 

2.: should c a r r y  an  a r r a y  of scientific instrumentation. ............................... . . .  ..... . . . . .  . . . . .  : - . .  . . . .  . . . .  , , . .  :.. I .  

. . . . . . . . . . . . .  ( .  _ . . . . .  / ;.. . . : : 3 .  . . S h o ~ l d  opera te  during lunar  day o r  lllnar night (or both) f o r  . . . . . . . . . . . . . . . . .  . . .  :.. . . . . . . . . . .  .. _ . ' _ .  i . . ~ ; . _  - . . . . : . .  . . . . "  . . .  . . .  
( .iL : . _:, ; .  . . . . . .  . . . . . . .  . L  _ . . . .  . .  . . : . .  . ; . . . . . . . . . . . . . . . .  5 .  ... .,.. ,_.,, .. . . . . . .  

. : .  a nominal two week period without r ~ s u p p l y  of expendables. . , 

. _ : . .  I . . '  ' 
..:. 

. ,, ,. ; . , :' . -,,.' . ' . .... ......... ' ?  . . .  :. . . :  . : : .  . . . .  ... . . . . . . . . . . .  . . . . . . . . . . .  . _ j  . . . . . .  . . . . .  
. 4 .  ' , 'Should b e  capable of remaining in a dormant  o r  stand-by mode . !  . . . 
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1 

5 .  Should be capable of negotiating moderately rough ter ra in  
I 

I .  

over a range of several  hundred kilometers. 
1 

I .  > . 6. Would be t r a n ~ ~ o r t a ' b l e  by the LEM-Truck. This includes 

tie-down and unloading mechanisms. 

7. Should be capable of automatic check-out and operation I 

f rom Earth. 
I 

I 

. . 
I I .It should be noted that the MOLAB a s  described here  is not a 

, . .  . . recommended design o r  a preferred concept, but is simply p re -  

:. sented as a typical example. A typical weight breakdown of the major 

subsystems and the expendables for  a representative MOLAB is 

' shown in  Table 1'. 

, . Cabin , 

cabin provides laboratory space and shelter for the crew during , ' 

. the entire ALSS surface mission. .As shown in Fig'. 6; 'the basic 

cabin s tru.cture is a section of a ,right circular cylinder. The top 

and bottom a r e  convex bulkheads; all exterior surface would be . 
covered with' superinsulation for thermal protection. Part icular  

ca re  must be given to this structure, for i t  must provide protection 

f rom vacuum, temperature extremes, and particle bombardment . . 

(radiation and micrometeorites). The cabin includes a n  airlock 

capable of accommodating two-men in space -suits. P resen t  

indications a r e  that the airlock must be pumped in  order  to conserve 

ga's, although this will probably be a time consuming operation. 

The airlock could also serve a s  a 'Istorm cellar1' during solar  

f lares.  The cabin should allow access to al l  equipments; it must ,  

. . by i t s  very nature, contain provision ... for sleeping, eating, 

personal hygiene, communications and control. 

I z 





: .  
I , .  A combination docking adaptor/observation tower i s  located on top 

. . . . .  
I ,  I # I .  

of the cabin. To the r ea r  of theecabin a r e  spherical LH2 and LO 
2 

. . tanks and the cryogenic fuel cells. The entire aft section would 

be covered by radiators for rejecting excess heat. Antennas and . . . . . . . .  
. .' . .  , 

an instrument and tool compartment a r e  located on the starboard 

, ,. ,:.,. side. , At the top front i s  a periscope and a range finder. . . .  I ' I .  

. ' I *  , Locomotion i s  provided by four individually driven s emi-rigid 
. . ,, . I  ' '. 

wheels. 
. '  . ' , . - I . , ,  

* .  
. . .  . . . . . . . .  .:,. . ~nvi ronmenta l  Control System (ECS) 

Previously, i t  was shown in Table 1 that the greater  portion of 
. 

reactants ca r r ied  by MOLAB i s  for ECS.. The weight required for  

. . operation of the ECS i s  in  itself sufficient to consider this system 

as  critical. This, with the fact that failure of the ECS almo's t 
. .- . CCz'":'ly -yLs?- - -- "--.- -Cir3 -=~LIJ=.~ 0: *&e z-issio-, izs-"fies a s  z'%2-.~ 

syszec.. Sizce X ~ o l l o  c s e s  s, single gas system (pure oxygen), i t  i s  

logical to consider the same system for W L A B .  At this time, 

i t  appears that a nominal two weeks mission in a pure oxygen ... 
atmosphere wduld not be detrimkntal to the crew. This syst;m 

. also avoids certain regulation problems associated with a two-gas 

. . system and possible problems of decompression encountered when 

changing f rom one atmosphere to another. 

A typical ECS is shown in Fig. 12 a s  i t  would'operate under 

"closed face plate" conditions. The major elements a r e  the 

purifiers,  blowers, water evaporator, heat exchanger and supply 

reservoir .  This i s  a semi-closed system; that is, one in which 

contaminated gas is purified and reused. . Those losses f rom usage 

and leakage a r e  replaced from the reservoir:  A completely open 

system would be simpler, but the penalty f rom dumping contaminated 





I '  .. I . .  

# . .  . ,  Table 2 
I, * 

. I ,  I I POWER SYSTElM 

. .  ' . 
. . .., , TYPE ' FUNCTION 

,, :.:I 
. ,  ..' * I .  Pr imary  Power H2 O2 Fuel Cell ' ' Locomotion 

. I . /  . : - .. " , 1 .  1 1  .- . - Communication 
Experiments 

Back-Up 

1 . , 
The use of these power sources .is based upon'these considerations: 

. , , . a. The propellants for the fuel cell will be identical to that 
- ,  

planned for the Apollo modules and, furthermore, the fuel 

cell will be the source of potable water for  the crew.' 

. . . . b. The battery system will be able to operate the MOLAB for a 

, . . limited period (such a s  during an emergency) and will also 

be used a s  a "peak shaving1; system for the cryogenic system. 

. -  . c. The isotope supply will handle all  power requirements during 

I dormant storage periods. In  addition, this system may also , 

power scientific apparatus integral to the MOLAB. 

. . 

The cryogenic system offers the advantages that it is amenable to 

modular design and is .  capable of being adapted to a variety of . 

conditions; there a r e  few moving par t s  and the inherent reliability 

, .  'is high; reactant consumption is directly proportional to power 

. . 

/ 5 



. 

, demand; idl i ig situations require practically no reactants; and ;he 

system is noiseless and vibrationless, which minimizes the crew 
I J 

, * .  .' fatigue and interference with other systems. 
. . I  ,.I . (  

' .. I 

I .  

-The fuel cell i s  sensitive to current density, so it i s  desirable to 

have as nearly a constant load a s  possible. This necessitates 
rn . :; . 

, I , L  some means of avoiding wide fluctuations in power demand f rom 
>.. ,. - 

, ... ,, ,:, * the fuel cell. Survivability requirements necessitate a secondary 

. , I  . 
, power system. Adopting 'a rechargeable battery sysiem and using 

i t  to handle peak power demands satisfies both of the foregoing 
I . . . . . . .  : ...... 

requirements. In addition, for a given situation, use of a recharge- 

, ;' able system with a fuel cell system allows a smaller  fuel cell sys tem 

.'.. to be used than i f  no battery were used. . - 

, . 
t a Even though fuel cell efficiency increases with decreasing power 

. demands, the expected low current  drain during the storage 
- .  period (six months or  longer) can be more economicilly supplied . 

, . 
. by an isotope supply. It  will not be necessary to bring the fuel 

. . cell up to i t s  operating condition until large amounts of power a r e  

required, either for check-out or  activation of the MOLAB. , Further,  
. '  . ' .  
, if some malfunction or  other adverse event occurs to compromise 

, I .  

. . .  the power sources, the monitoring equipment aboard will not be 

. . , disabled and some knowledge of the event will be obtained. After 

the MOLAB i s  activated on the surface, this supply can possibly 

be used a s  a power source for  the scientific apparatus, a s  has  been 

. stated previously. 
, . 

'. Presen t  indications a r e  that the primary system must be capable 

of providing around 6000 watts. The secondary system depends 



7 a , . , , . :  . .  
1 ; ;  

' . ;, . . . . . . . . . . .  ( ( I  

. . 
I . .  probably required to provide approximately one hundred watts 

o w e r ,  zccor&Ing to present ir,dications. 

. L .  

. . 
Communications Subsystems 

. . a .  : , .  
. . . . .  

. . 

...... 
I . ,  - . 

4 8  ' . .:.., .. 

. .  , , I  . . . . . . . .  
1 .  

,,. . '2, .,. 

. . 

Fig 9 Basic Communications Links for ALSS (MOLAB) 

The communications system i s  to be completely compatible with 

. the LEM 2nd Command Module and will be comprised of inter - 
,. changeable units a s  much a s  possible, I t i s  envisioned that there 

will be provision for complete Earth monitbridg and control of 

the MOLAB. The basic communications links a r e  shown in  Fig. 9. 

Thes e links include voice, video, telemetry and control channels 

(each named channel will not necessarily be in each link) and a r e  

to be carefully considered for proper optimization and utilization 

of the equipment and channel s required. The communications 

subsystems inkt be capable of opeidtion bver a broad 'radio' ' . . . . 
. . .  . . 

. . . . . . 
. . . . . . . . .  . . . . . . . 

. . . . . . .  . . . . . .  . . 
. . 

. . . . . . . , . .  . . . .  '8 . , , ,  . . . . . . . . . ... . . . . .  . . . . . . . .  . . . . .  . . . .  . . 

' ., ! . - . . . . . .  . . .  . . .  . . .  . . . . . .  . . ,  . . .  . . .  . . . . . . 
. . . . 



, . accommodate the scientific equipment a s  well a s  operational . . . . . . . . . . . . .  
s .. . * 1 , 1 . .  

equipment of the MOLAB. Capability for data storage and read- 
. * , . , . *  

out i s  implicit in the requirements of the systems. Sufficient 
. . . .  .: :I:. 

. . .  video capability and resolution i s  needed to permit  Earth control . . 

. of the MOLAB prior  to the landed crew's a s  sumption of control. 
1 I .  . . . .  . . 

, . ., - 

, 8' , 1 .. 
.. I . . Navigztion 

There i s  a close interdependence between the communications 
, ' , .  . ' 

and navigation subsystems. This i s  because pr ior  to actual 
, . 

. landing of the astronauts, the communications subsystem i s  one 

means by which location of the L E M - T ~ U C ~ / M O L A B  i s  determined. 

. .Even though large  scale maps should be available for locating 

features and si tes more  accurately than i s  possible now, another 
. . 

means should be available. In addition, i t  is desirable to utilize 

I .  the MOLAB guidance .system for mapping during the geological , 

t raverse.  The drift  rates of inertial sys.tems and the relatively 

. 1  

small distances traveled make this methpd undesirable unless 

some means of accurately correcting &ro r s  i s  available. The 

1 %  accuracies desired, too, present some problems, particularly 

where change in elevation i s  needed. One scheme that has been 
. ,. 

suggested i s  through the use of ari optical range-finder system 

which, by the use of conventional stadiametric processes,  can 

' precisely establish the location of the MOLAB in relation to known 

features. Once this i s  done, a local reference i s  available for 

. . mapping and navigation. Another possibility is a celestial 

navigation system which requires a s tar -  tracker and an accurate 

s ta r  map for the' lunar perspective. 



. :  . . ,  The final design will probably b e  composite, using the b e s t  fea tures  

- . .  . .. 
I s . I  . . 

' 

of severa l  methods, since each suggested method h a s  s o  f a r  a t  

. ,  . I s  .I l ca s t  one drawback. F o r  example, the iner t ia l  method is too 

.,, ,. . j. inaccurate;  o r ,  the optical m e t h 0 d . i ~  l imited if out -of-sight 
* ,  ;\ * : : .  ; 8 

targets  a r e  needed. This would be the case  if the LElM and LEM-  

. . .  , , a , .  I . . :  

, I * .  , Truck a r e  not in  line-of-sight a f te r  both have landed. 

. , I  ' I -  . .. ::. 

Locomotion 
I. . . ) .I 

. , . . I . ,  Lack of knowledge of the p rec i se  nature of the lunar  sur face  p resen t s  

I certain problems in  defining quantitatively and ideal locomotion 

I system for a lunar  surface vehicle. Obviously, any locomotion 

I .  system must  be reliable,  mechanically stable,  easi ly  controllable, 

I . economical ( f rom both power and m a s s  considerations),  and 

I buildable. Various types of locomotive methods have been inves ti- 

gated (some of which a r e  shown in Fig. 10). I t  appears  that for  

crossing the Moon's surface,  e i ther  a t racked o r  wheeled vehicle 

would be the b e s t  choice. A t  this t ime (and making cer ta in  

I assumptions about typical surface conditions), the bes t  type of 

I . locomotion appears ' to  be that provided by the use of a semi-ri$id 

I 
- 

non-inflatable wheel. Again, it must  bk r emarked  that data  f r b m  

Ranger and Surveyor will either confirm o r  deny this choice. 

I This note of caution b e a r s  repeating i n  r ega rd  to the use  of four  

I .  wheels for this concept of MOLAB. ' 1 t . i~  the p r e s e n t  belief that a 

four -wheeled non-articulated vehicle is m o r e  desirable;  cer tainly 

ans articulated vehicle is m o r e  complex. There  is a l so  much 

I knowledge available about the design of  four-wheel bystems. This  

I .  applies a lso to the choice of the conventional automotive suspension, 

which also provides ve ry  good vehicular control. Hence, 

Ackermann steering appears  to be the logical choice, with each 
I 

2 0 

. . 
. . 



, '. * ,  ,. , + wheel dr iven by i t s  own d i r ec t  cu r ren t  motor  for  propulsion 
. I . . ,  

. . 
. I  . ,. purposes.  However, i t  should be noted that preference  fo r  this . , .  , . . 

locomotive sys t em is not yet a resolved matter ;  future studies 
, t ,. .' 

:'may provide e'ntirely different r eaults . Regardless of the final' . . 
. . I .  I: I I .  . 

r ... : . . .  ' .  - - design; s teer ing will m o s t  likely b e  accomplished by a closed- 
' 

. . . . .  . . . . 
. . 
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. , . . ?.. . . . . .  
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, . . '  . . . . .  . . . , . . . . .  . E a r l i e r ,  i t - w a s  mentiolied that unloading bf an  ALSS m u s t  
. . . . . . . .  . . . . .  . . . . .  . .  

. . .  . . .  
be done upon command; Fortunately, this does not  necessa r i ly  

. . 
. , .  . :  '. :: 'me& that .2  pre-programnied sequence-must  b e  d'&veloped; it 'does . ' . ' 

, .  . \ .  . . .  . . . .  . . .  . .  : ., - . - . . 
. . - I , - .  . . .  
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, extra-human means. I t  i s  safe to a s sume  that the LEM will'not 
. I .  . : .  ' . 

- ' land within walking distance or' the LEM-Truck (although this is a 
1 

,I I 

.., !' . . 
point which definitely r eguir.es clarifying). Tliis, means ' that  

, , , , '  ' 8  ' ' 1  . 
I I : Earth-controlled unloading,, a t  l eas t , .  is necessary.  Present un- 

, , . , ' . , .  . : .  . . 
., . .. ;,; I ., . .' . certaint ies  of surface conditions d i c k t e  that the LEM-Truck b e  . 

. , 

czpzble of 'cdoz&ing its pzylozd in  zny 'azi,-nuth. Certzinly , the ' 

- 
3ossi.sility of ii=s LZl\/i-Truck laa2i3g in 'z nea= korizon-sl ?osi=ior? - -  . I -. 

. , ... . .is smal l ,  because df 1'0 cal  te'rrain cdnditions o r  because b l a s t  effe'ct 



. . . .. . r, ., 
days, more o r  less, a r e  in lunar day and the remaining time 

i s  in lunar night. Obviously, any plan, hypothetical o r  otherwise, 

must be incomplete a t  this time; however, the analysis should 

provid'e, a t  any point in the mission, . answers to certain . . 
fundamental questions, such as: 

z 

1. What has been accomplished? . 
2. What remains to be done? 

3. What does return to LEM site involve? 

4. How long does i t  take to rendezvous with the CM? 

The l ist  oi questions, or' course, could be continued further, . 
but the point i s  that a great deal of thought must be given to 

\ ' \  

establishing the proper order of.events for any lunar mission. 
- 

The assumed criterion of effectiverless is satisfiction of the ' ,  

: , requirement that at  any time during the mission, maximum . . 

possible return of useful data has been realized. '. a. 

Selection of Landing Site 

Many features can be distinguished'on the lunar surface and a 

preliminzry summary of some of these i s  given in Table 3. It % . 
is -De.evei --- -cb - - ~ - , ~ s ' s i o z  ~trLicZ czri v',si; z s  ,~,.ay of C-e crL~s ;e  

- 
. . . . .  . 

2 3 . . 
. , 

. . . . . - 



I ! , 

i 
, , 

,. : ;. . lunar features a s  practicable will be more useful than one which 
. . , ,  , /  

. .:., . visits only a few features. Therefore, the landing site for  a 
.. . 5 

I i '  i 

MOLAB mission'should be located in an a r ea  which has a s  many 

of the features as possible within a reasonable radius of operations. 
I . 

( . I . .  I *  

, , , ,  , ;. Table 3 
s .  . : I .  

. . 
I s  , .  ,. . LUNAR MORPHOLOGICAL FEATURES OF  INTEREST 

> 8 ,:. , I . P . .  

., . .' . ;, >I..,. Maria Rays 
0.  

, . - , I .  1 .  
Craters .'. :::Highlands 

:lCPr e-Imbrian Age Rills 

Imbrian Age Wrinkle Ridges 

- .  Procellarian Age Fault  Scarps 

Eratosthenian Age. Lineaments 
I 

Cop ernic'an Age Ejecta 

Mare Scarp 

sMaar (Volcanic) Craters  :::Bright Hills 
With Ray Material 

Chain Craters  . Contacts 

. Satellitic Craters  )::other ~ h e n d m e n a .  

a c 
Domes (Alphons 3s , Linne, 

Etc) 

:%Features Not Found In The Kepler Region. 

. At this time, available geologic maps of the surface indicate that 

many features can be found within a small a r e a  in the Kepler region. 
0 Thus, this mission assumes a proposed landing site of 39 25' W , 

and 4' 40' N. Twelve features of interestscan be identified on the 

Kepler map within a n  eighty kilometer radius of this site. . ... ... 

I . 
I 

I 

LLi . 



. . .  . , 
, .. ,. - During the t r ave r se ,  a variety of geological, geophysical and 

. - . . . . .  I . . . . , .  

. ' (  ' I .  

geochemical studies will be made. Analysis of possible ALSS 

I , . o , , .  ,- scientific p rograms  is in p rogress  to define the mos t  useful 
I 

L ' , . I  . investigations and instrumentation for MOLAB missions.  
i . . . . t . .  

1 ,  

. I .  . i 
s ' ' t i .  

Traverse  

1 . . .  .i. . . .  
l o  ' .  . '  ' I . . '  

Pre l iminary  design data indicates that a total distance of s e v e r a l  

.. . :  ...... hundred ki lometers  might be the range of ~ ~ ~ ' M O L A B .  A range 

! :! ., ,. . of 430 ki lometers  h a s  b'een used a s  a reference  for  the t r a v e r s e  . . . . . . .  

1". developed here .  ~ o t w i t h s t a n d i n ~  the possible availability of high 

I resolution surface maps ,  the nature of the surface cannot be 

I ' assumed known until the MOLAB physically t rave ls  over  it. F o r  

I this reason,  it appears  desirable  that the MOLAB have the capability 

to r e t r a c e  its path to the point of origin. This provides fo r  the 
* .  situation where the MOLAB may encounter a cul-.de-sac nea r  the end . :.. 

of the t r a v e r s e  and f r o m  which re turn  to the or igin is possible  

only by retracing the'original path. 

I q If on ar r iv ing  back at the landing s i te ,  no r e t r a c e  of any p a r t  of 

I the t r a v e r s e  w e r e  required,  enough propellant would be available 

I .. 
for  a second shor t e r  t raverse .  If the second t r a v e r s e  be  completed 

I successfully, enough capability might r e m a i n  to undertake optional 

I experiments o r  observations nea r  the LEM'si te .  These  fac tors  

I indicate a "figure-of-eight" t r ave r se  according to ,the'methodology 

shown i n  Fig.  12. In this t r ave r se ,  a 30% margin  was  a rb i t r a r i ly  - 

i 
' selected for  contingency and local maneuvers.  ' The daylight loop 

I . .  then was chosen as 185 ki lometers  distance and the night loop was  
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. 
Indications a r e  that i t  may be desirable to have the crew near the ' 

LELM site during the passage of the terminator. Regardless of 

any scientific advantage offorccl by this, i t  should be psychologically 

. , 
. advantageous for the crew. Travel over unfamiliar ter ra in  on 

Earth i s  more difficult a t  night than during the day, so i t  i s  

. 1, ,, 
. I  

reasonable to expect this to be true on the lunar surface as well. 

, . .  .. From an operations stand-point, it i s  desirable to have the crew on 
: :.,I 

familiar ground 'during the transition from day to night. One reason 
. *  , . 

' i s  that i f  conditions are.not  satisfactory for travel during lunar night, 
. .  . 

5 .  

'V 
. the mission can be' ended without undue risk. 

Mission Elements 

The elements ,of this - and probably any other - hypothetical mission 

may be described'by tivo criteria.  One is i n  t e rms  of the mass  

allowances required. The other i s  in t e rms  of time required. The 

former has been described under Sys tems Definition. Time require-  

ments a r e  determined more or  l e s s  by the mission; therefore, 

time i s  the criterion for describing the major elements of the 

' mission. These elements a r e  engineereing tests ,  data exchange, 

travel time, housekeeping (including eating, sleeping and resting), 

and scientific expkriments and observations. Design of MOLAB 

subsystems and preparation of operations plans require valid data 

. about times needed for each of these activities. Investigations to 

provided 

Fig. 14 a s  



. . . . .  . . . . . . . I  . L . . .  
, . <  . . 

. . .  . . . .  . '  , ' . . .  . . . . . . . .  . . . . .  . . .  . . .  . , 
! . '. ' . . '  . . . .  . . , ?'.  , . ,. . ', . . . . . .  . . .  

. (  '. . . . . .  I . .  ... .... ;.. . . . . .  
. . 

. . . . .  
. . 

. . . .  
. . 

. . , . ; .  . . .  .: .,:,::. ,': ?, . * .,: . . . . . . . .  ; . .  . . .  . . . .  . . 
. . ,. . 

. . . . . . . .  . . . . . . .  
. . 

. . .  ' 1 .  . . . . . . . . .  . . ,  . 
/ _ . , .  . . .  . - . . 

. . . . . > .  . . .  . . . . .  I - '  . 
', . . ; I '  . _ . I  I '  . . .  . . . .  . ,  . . . . . . .  , . . .  . . . 1' . . . . . . '  . . . . . . 

. . . . . .  
. . 

. . . , . .  . . .  . . . . . . .  . . . . . .  . .  . . 
. -  I . . . .  . . .  .;. . . .  !. . . . . .  

: .  
. . : . . . .  . . . .  . . .  . . . . .  . . . . . . .  . . . .  . . ' > . .  . . % .  .:.;. . . . . . . .  

. . .  . . . . . . .-:. . '  / ; .  . : .  . . _ _ , i  . . . . .  . . 
. . . .  

. , . .-, , . . 0 

. . .  . . . .  . . . . . . Table 4 '  . .. . . , . . . . .  . . 
I . .  . . . .  , . . .  . . ,. . . . . . ... . " . .  . . . .  . . . . .  . . . . . . .  . . .....', ' 

TRAVERSE ?/ME ALLOCATION . . . . . .  ', ' . . . . .  . . .  ... . . . . .  :/ _ . . . . .  . . . . .. . ,  . . . . . .  . . .  . .  . ,  
. . . . '  . . . . . . . . .  . . . . . . .  . . . . 

, . 
, . . . . . 

/ ..,. ' . . . .  . . . . _ .  . . . . . . . .  ... .: . . . . ,  . . . . .  .:.. . . . . . . . .  . . . . . .  . . . .  . . . . . . . . . . ;.', . ,  
. . . .  . . . . <  . . 

, ...... , . . . . . . .  1 '. - . "  . % . '  . ' . . . . . .  , . . . I  . , . . a . . ,  . . . . . .  _ I  ' .  ... . . .  
: ,:. . , ' .  2 .. . . .  . . . . - .  . , .  , . . .  , .  . . .  .: . . . . 

. . . . . . . . . . . . . . . . . . . .  . . . .  . . .  , .:... .: . . . . . .  . . I  . / .  . . .  . . . . .  . . .  . '. :.,.: .. ' " . ' .  ... ..:. . ... . . . 
. . . .  . . . .  , . - 

. . 
. . . -. . 

. . .  ..... . . :  :.: . . . . ;  . . .  . , ... 1 .  .: . . . . . . .  . . .  
. , .  . . # . . . .  . . .  . , .. . . . . : . . . . . :  . . ' .  . . . .  

' . - <.( . . . I .  

. . .  . . .  ! ( . . . . . .  I .  . . .  . . . .  ' .  , :  . . . . . . . .  . . . r .  . , .  . . . .  . ! .;.. . . .  ' . . 
. . . . , , a < :  ,.. - . .' 

( : . . . . . . : . . .  . . 
. . .  - 0 ., . . . . . . . . . . . :  . . . .  .' . 

. . . . . . . . . . . . . . . .  . . 
. . . .  . . . .  . . : _ I .  , .. I .  . ' / .  . . . . . . .  . . . .  . . . : .. :. . . . . . . . .  . . . . . .  . . .  . ,  . . . . : , .  . ' . 

. . .  ' ( .  . : I . ' :  - . . . . . . . .  . . . . . .  . .  . , . , ,  : . . . . .  . . .  i _  . .: t' .: .. 8 .: i ' ~  :: .. . . .  :. ',' . . .  . . .  , .  ' . .'. ' J  . ' ' : '. :,. '. . , . . .  . . . . . . . . .  . . . . . . . .  . . .  . .  . . .:. ' V  . < . . . .  . . .  , ..  
. i  . . .  . . . .  . . . . .  . . ... . . .  . . . . .  .., 3 . . . . . . . .  ; . , _  . .  . . .  s . ,'- *INCLUDING CHCCKCUT OF LEM AXD MOLIB , .  ..:< !,*, ! .:.,.:, . ' : .. , . . .  . . 

. . . . .  :I. ,: / . . . . . . . . .  . . . .  
. I  . . . 

. .:' *'* REQUIRING PERSONAL TIME OF CREW . . 
. . 

. . , . . ,. . . . . . . . . . . . .  . \  . :  . . . . 
. . . . . .  . . . . . . .  . . 

. . . .  . . . . . . . . . . . .  . . . . . .  . . . . .  . . . . . . . . .  . . . .  . . . . . ,  . . . . . . . . . . . . . . . . .  .-.." , . . . . . . . . . . . . .  . . . . . . . .  . . . .  . . . . .  .I . . . .  . . .  . . .. . . . . . .  . . . . . .  . . 
. . . . . . .  . .  , .. . . , .  . . . . .  . . . . 

, . .  . . . . . . . . .  
. . . .  . .: . . . . .  . . ....':... .  he' timb'..allo'cated . .  : for. exp'eriments .and observations refer  

. . . .  . ' .  . . . . .  , .  , . .  . . 
, : . . . . . . 

. . _ .  . ..:..,.:... ': .:.,$.':. . . .  ; '  : t ~ . ~ c c ' ~ s i o n s  . . . that ,.. MOLAB i s  a t  res t ,  a s  i t ' kbu ld  be i t  a . , ' . . . . . .  . . .  . 
' .. . . . . . . . .  . . 

. , . .  ::. : : , .. . _ . : iscie~tific,station; .Although i t  i.s taci t ly assumed that 
; .:: * . . . . . : .  .. . .  . .  . . . , 

. : .  . . : ..variohs, measireinents and recoidings would be  made while " . . . . . . . . . . .  .'. . . . . . .  . : . , _  .: , 
. . . . I .  . . . . .  . . . . .  .., . . 

. .  . . . . . . . . . .  . . MOLAB is in motion, these properly should'be identified'as . . 
, . . . . . . . . .  . . 

. . . . . . . . . . .  -. . . , 

. . .  . . . . . . .  , , ,  . . . .  . : 
. .. . :  part :  of the scientific instrumedtation s t ~ d i e b  now under way. . : . .  . . . . .  . . . . . .  . . 

. i 

Housekeeping . - .  

. . 



. . . . . .  . . .  r . . .  , .. ,.. . 
. . I .  .. . . ; -'lu...... . . . . . . . .  I . '  . , .  

. . .  . . , , . . . . 
. . . .  . . . . . . .  . . . . . .  . . ... . . . . 

. . .  . . .  . . .  . . . .  
. . , . ,  . .  * 

. . .  . . . .  . . . . .  . . .  . . . .  . . .  . . . . 
. . . . .  .,, 

, , \ , , ! . : . . ' : .  . . . .  ' ., ' , 

. . . . . . . . .  . . . . .  .... ...'.', . " J ; .  ' '  .,,. . . .  ., .... ... 1 . il. i t  . . . . . , .  . . . .  . . + , . j !  ',! :,.., , :li!, ,;r.cli.:f . .  ..:;. _ . .  " -  . . . :. . < . I ,  '. 
. . .  . . . . . . . . . .  . , . .  

. . 
, .. : . . . . . .  . . . . .  . . . . . . 

. . . . . . . . . .  . . . . . . .  : . . .  . . . - . . . . . . . .  . . . . . . . . .  . . . .  . . .  
. . 

. :, . . ,,.. . . . .  , . . . .  
. . 

. ' .  . . . . .  
. . 

. . .  . . . .  . . . . . . . . .  . . . .  . . . .  . . .  . . . . . . .  . . . .  i + . . . . .  . . . . . .  
. - \ .  .. ' . . . . . . .  . . : 

. . . .  . . . . . .  
. . . . .' 8 ".'. , . ;;. , '  . . : >  : . . . . . . . .  % -: . . . . . ' .  . . I ' . . . . . .  . . . . . . . . . . . . . . .  . . . . . . .  . . . .  . . 

! ,,. ... ..';..a. ..' . . . . . .  : c n . - . - . .  : For further insight into the :.activities to be ad'coniplished,' a . :  ..- ;, i , :  ;',:. ::t.#:.-..! ; ,. , - , . . . . .  . . . . . . . . 
. . . . .  . . . . ' .  . : .  . . . . . . .  . . , ;,. . . .  . . . . . . . . . . .  .,... : .;.... , :  . . .  typical ( i n s0 fa r . a~  it can be described a t  'this .tiink)twenty-four : .: ::. 

. . . .  . . . .  .... . : .  . 
. . . . I  : ;. ...,I ;.: . . . . . . ..... . . 

: . .  . . . .  h o u r  per idd ig  graphically shown i n  15.. .. ~ ~ e k i f i ~ ' a ~ t ' i v i t i e s , , . -  . . I . , . . ' . , I  ,. I'.",..";.I ,.,, ' . I I .  , v .  . . . . . . . .  ' . . . . . . . . . . .  . . .  
. , . . , '  . . . . .' . . .  .. '.' . . . . 

,I.. , . .  . . . . .  . . . .  .: . asiodiitedwith.each .statioti. rel$;:naturally., .upgn th~;cxporiincnts . .:. - , . '  
. . .  . . . . . . . . . . . . . . I . . .  . . .  . . . . .  ., .. ' ,  . . ... . . . .  

. . 
. . . .  <:,, 1::  ;c:; ,~;-;::!;~..- ::.I .<,,,.., , ,. ' : . . , . . .  . . . .  . . . . .  . : .  . , . . ,  ' C . I .  

.in.... ..[.?*..A:. .. . . .  . -  . ..I:.; ,. .' . . I . .  

. . .  .I' I . ,, .., ' . . . . . . . . .  . . . . .  . . . . . . .  and"observations 'to: be- p&i.fdrrne.d;.la It i k  proba%ly safe'."to as&&rn'e : ' '  

. 

. . . .  . . . I . ( .  . . . . . . . . . . . .  . . . .  . . 
. I .  : . . . . . . .  I .  . . . . . . . . .  . . . *  ,.;: ,, .' . . -. 

;: !.. .,... :!,a: .i:'!,.w:f ... ,.,.- :rhat'there.will b e  a basic ........ . . .  ._ ' ~ ~ t . b j i : ~ k ~ s ~ ~ & m e n t s : a t '  . . . . . . . . . . . . . . . . .  eaths ta t iod;  . . .  but". : : .'. . '  
. . . . . .  -,; f u,!.' :t, ?,!:;+,:::!,, , , ~ , * . ~ .  , . . . . . . . . . . . . . . . . . . . . . . . . . .  I. .... . . . . . . . . . .  .. , .  . : . .  . . . . 

. . . . . . . . .  ................ . . 
. . . . . . . . . . .  . . ......... . . . . .  :. the  peculiarities .of 'f&$t6re~:idn&:terrdin n ' ~ ~ . s t ' l i k e l y  will 'di.ctate ' - 

. .  . .. .. . . . . . . .  : : , . . ; . . . . . . .  '.;.> .:...:,, :.i' .::.... .'.., . < . . .  . . . . . . . . .  . . . . . . . .  , _ .  ' 
.. :- . . . . . . . .  .,..... : ............. . i :  ..:.:;,+..::' . . . . . . .  . . . . ::; .. . . . . . . . . . . .  

. . . . . . . . . a  . . . . . . .  ~ v i  , ! ,. 41a. :~  .+ : in : ; * ' ! \ : . . : ! , .  ::I : \. :. . . i .  . .  . . . . . . . . . .  ! ' a  

. . .  . . :th a c t i v i d s  : to' be;'p&~f6~mm$dj:~.:m:;~1 :;. .:. . .  a .  : ' . . . . . . . .  . . * , '  . . . . . . . . . . . . . . .  . . . . . .  . . . . . . .  . . . . . .  .. . . . . . .  
; F;,.*;~::::;, :.. . . . . . . .  . . . . . . . "  . . .  . . . . . :  , . . , ,::;...,. :,, ..*, . <.:; .: . . .  . . . . . . .  ; I . , .  . . . . . .  .I . . . . .  .. . . . . .  .' . 

;;:t....,i . . .  . . ' . .  .. . . . . .  . . . . . .  . . .  .... ..! . . . .  :; :' .:.:. < . . . . . . . . .  . . . . . . .  . . . .  . . . . . . . . . .  ... . . . .  . .'. . . . : .. . . . . 
. . . . ' .  ...... . .  . . . . .  . . . . .  ..I. ., ' " 

. . . .  .:.,... ' !. ..:: ;. .: :. . -  . . . .  .. ' . . . 
. . . .  . . . .  

. i '  . 
. . . . . .  . . . . :i. 

. . . . . .  . . .  _. . " . . .  .;: .;.:.'.... I:.; 1 - . . .  :. '. ; :,;..,.;-....i<; i . : ; , , * : : ;  . . . . a .  . . .: ' ' . . ... .... . . .  . . . .  .. .. . . . . . . . . . . . . a  . . . .  . . .  .. ' ' 
r : ,  '... >, . . .  ,..- c;:,;:.:..;; ,,,;., - .- . . .  . % . t:',i:. . , . . . . . . . . . . .  '.'. ..: . '  \ . . . . .  . . i .  

1 . . 
. .  ' 

. DATA EXCHAtiGE :, ,'-: ,.: ' a ....... . . . . . . . . . . . . . .  . . . ' . . /  .., . . . . . . .  ; : > ;  ; . : :  . . . . .  . . . . . . . .  . . .  . . . . . . . , . . . . . . . . . . : .  EAT. SCEE?, . . . .  . . 1 r----' . . . . . . .  
, ., , ,: . #  :.,.' :,:+ .'.' . . ,. " HOUSEKEEPING . . . . . . . .  . . . . . . . . .  ..;. : . . . . . . . . .  . . . . .  . . . . .  . . . . . . . . . : . . . . . . .  :. .' :. EXPERIMENT . 

J 

, , ,. . : . -- . . \ .  ..: '..; 
. . .  . . . . . . . . . . . .  . . .. .;. : . . . _I . . . . ; . : . . . . . . . . . . . :  . . ,  /OQSERVZTION .. I - .  . .  - NOTE: ~FFERENcES D E ~ E E N  I.;. . . .  . . . . .  .................... ' . :  . ,  . . . . .  UAPPINO-SITE . ,we . . , DAY AKD NICMT LOOP STATICUS . . . . . _ . . . . . .  . . . . . . .  . . .  ..... . . . . . .  . . ....... : .. . .  i .. . . . ' VERIFICATION ARE YOST LIKELY (I 1 XO . . . . .  . . . \  > .  :j-:. :.,. ,; DRiLLlNO AT N l W T  AND (2) : . . . . . . : . .  . . . . . a .  . . ... . . a  PREPARE LONGER TRAVEL TIME RE- . . . . . . . . . . . ; . . . . . . . . . . . . . . . . . . . .  . , .  . . . .  ! ... INSTRUUENIATIW . . a . . . . . . . . . . . . .  WIRED OURINO WNLR NW. ., . . . . 

: ,. , .:: :,; ..;:; ' :  ,,. ,. , ;.,: , :!-'. . . .: - . . . s., 
I '  

. . . . . .  . . . . .  : ,':a . .': :. .:.. 'DRILL n w E ( r )  . -a . . . . . . . : . . .  . . . . . . . . . . . . . .  .......... :.:. . . . . ; . . . .  
1 

. .: ' . . I . . . . . .  . ..:........ . . . .  . . . .  ,; . . . . . . . a  : ,::. , ;,, PUCE UARKCRS ' - - . . . .  
; :..:. i,l.:.::iii .,, .; .:r, .:. . . . . . . . .  . . . . . . . .  . . .  -. - : . > 

. ,  . . . . . . . . . .  . . PUCE INSTRUUEHTP . . . . .  ..a . . '  ..-I; '.. , . ; a '  ,.. 
. , I .  . . .  ., .; ,.,,.,. -::; .;.: .:. .:.;. :.:; . . . .  . . . .  

! .  . . .  ..,.i::,::. . :. . . .  . . . . . . . .  . . . ' . . . . . . . . . . . . . .  . . . . .  COLLECT LAUPLEI .; . . . .  " . . . . . . . . .  . . . .  w- . : . . . . ,...: ;;.; : ; . .  . . . . . . . . .  
._ ' 

. . . .  . . . . . . . . .  . . . . . . .  . . . .  . " . . . . . . . . .  ::, . . .  . . . .  . . . . . .  % ' . .  . . . . . . . .  . . . . .  . 3 SElSUlC SOUNDIN0 . .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1' . . . . . . . . . . . :  . . . . .  . . . .  . . . . . .  . . . . a .  . , , : ;  : , ,  ' S T U D Y W A R E A .  . IY- 
. . . .  . . 

. . .\. .,<.,: '-: .' . ': '. . . . .  : . . . . . . . .  . .h . . .  , .. > . . .  , .  . . . . . . .  SAUPLE *HhLYSLS . ; ' . . . . : . . .  ..- ' . .  
. . . . . . . . . . .  . . . .  . . . . .  . . . . . . . . . .  , .! 8 .  . . . .. . . .  '.3. - . . . : : . .  . . .  : . . . . . . . . .  OPTIONAL ZlUE . - ' '  . . : .  . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . .  -. 

..........I... :."  . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . .  . . . . .  , . . : . ,: .' . . . . . .  . . .  . . . . .  . . . . .  . . . . .  . .  , . . .  , , :, TO DEP~RT . , n . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . " . . . . . . . . . . .  ' : .. '  : .: .T,qAEL ' - .. ..: . . . . . . . . . .  . . . . . . . .  . . . .  . . . . .  . . . .  . . $ . . . . . . .  . e m . : .  . . . . I . .  . 0 1 4 a B 10 12 I* I 0  la 20 22 2 s .  . .  .; .L . ; 
. . .  ; . . . . " .  . . . .  . . . . . . .  . . a ,  . . 
. . _ . .  XOURO . . . .  . . ......... . . .  - .  . . . . . . . . . .  . . 

. . . . . . . .  . . .  . .  , + ,-; '. ,..; .: :,.: .. .:::. " . i f . ' . . . .  . , . ' . .  ;. .::. ...... . . . . .  . . . . . :  
. . , . .  . . 

.*. . . . . . . . .  !. 
...... . . . . . . .  . . .  . . .  

,' . . 1 :.;. ,:,.:.,.,,.. ,-.:, ;.: :.: ...: 1::: . . . . . . . .  ....... . . . . . .  . . . , .  . . . . .  . . . .  . . . . .  -. . ..: ..._._. . . . . . . . . . . .  . . . . . . , .. : ' ' " . . i. .... :. .."....;:;,. ; ;: :,: : ". :. . .  " . . . . . . . . . . .  . . . . I  . . . a *  
. . . . '  

. . . . . .  . . . . . . . . . . . .  . . . . .,:< .. '. . .  , ............ ., . .. ..:. " :.:;.:.. : . . . . .  . ,  . . . . . . . .  , . . . . . .  1. . . : . . : . : . . .  
. . . . 

. . . . . . . . . . . . . . . . . .  :. .:.;.. : . ' .  .,. . ' . .  . . '  . . :, . ) . ' ;  ; ' ,  
. . . . . .  . . . . . . . .  ... ..,;; ,:.:., :::;.;:... :" :.. ....... ...'.';.. . . . . ' . . .  . . . . .  . .-.:. .: .. ' 1  . . . .  . . . . .  . . . . . . . . . . .  . . . .  . . ' ,  . - I . . . . . . . .  ( .  ., . I.. ' . '  . . ,:; >..; ,; ,:$, .:, :,.7.:.:,,; ;; :?. :!, . . , '. . !,. . . .  : . .  :..-. :< I?ig i 5 : ~ & t i v i t ~  ~reakd:ddiy  ~ b r   pi& 2 4  ~ o h r , . ~ ' & r i o d .  ; :i . 

.;:. , .:, . : :,:,, ..,:.;,:, . . , :, ;;.y , - .> ,. ............................. . . . .  . . .  . . : : :>,: a ;; ...... .. .... ...... ..:<.:.,:. *'. . ' . I . ' .  : . . . . : . . . . . . . . . .  . . . . .  i .:. ::.,:.:" .,.. :.:.. ..: ,'. . . . . .  . . . . . a .  . . .  
...I .':... # . . . . . . .  ............ ..: , , . : . . , , . ! . : ., , . . :. . . . . . . . . . . . .  ......r.v.....># 2 :. ..;L.:.;. . .  :.: . . . .  . .  " '  : . : . ... ............. .::I...\"..:..". . :, .. 3 :  .!... . . .  . . .  : .....,......... , : . : :  . . . . . . . .  . . 

.,,:&,'.; :..., n;,:. ...... !. ..... .:'.'. . : . . .  . . . .  . . . . . . .  . . . . . . . .  . . .  . . .  . . . .  . . . . . . . .  . . .  :; ,: .. *,,;: . . . . . . .  . . . . .  . . .  . . .  . . . . . . .  .... ........ ..- ....a ..:.... . .  . . . . .  p... .... ,,;:,:.,. . . .  . . ; : ,;;: :a. .;! *v::*::r: :.: ; ..; ; 
. . 

. . . . .  . . .  \ '. . . .  . . . . .  . "  :..... . . . . : . . .  !. ..:. :' ) '..,:.:'.;.;.. j.:.;:'...;..~;8 : .';,;I j' :,.:',:;,:, :::" .t ': ..; .. .. . . . . . .  :.; ._ , . I . . . . . . . . . . .  . . . . .  . -i i .,:. ....... ' . "  . . - ,  : i;:: .'; . . . .  . . .  . . .  .....'.!s.y:.[.<' .. ::.; \:: ,:;.scientific Mis s i 6 A  ~ d ~ ~ i d k ~ ' & t i ~ ~ ~  ..!: . ;;.. . . . . . .  .:" ."' . . . .  . . ,  . ...... . ,.,,: . . . . .  . b.. . . . .  . . . .  . . . . . . . .  . . . .  
. . .,...;" ...... : ....:... : .-..: . . ' . : . ' , . . . .  ,,:;;.. ..:.; ...... . . .  .......:....... . . . .  , . . ; .: .;. "'.:. . . . '.. I ' : 

.. : ,!,, .. .;,, . . .  .,; .:::::;, :: ':.!.:! .!.'*, .::.:' .:. ... I . ,  " . . . . . . .  ',i.,, . .  "..... . . . . . . . .  : . . .  . . . .  ..: .!., ' !  . . . . . . . . . .  ..: ,...,, .....; . . . . . . .  . . . . . . . . . . . . . . .  . .  . . .  . . . .  ..,,!',,.. i. ..>; . . .  .:... . : . .  5 .  . . .  . . . .  . . .  ,..(... .. : I  ..;. .: . . . . . .  , . _ . :.- . . . .  . .  : ,+:. . . . . . . . . . . . . . . .  !.: :.. .: . 5. .  

.;.,:,< ... f... :,,.i';:.. ':. . 
. . . . . . . . .  

. . . . . . . .  . . . . . . . . . .  .: . The scientific o b j e c t i v + s ~ i . l ~ : ' i n . i ~ k e ~ a t i o n  ake"bey6nd the scope. '.; . . . . . .  : .  ;. ! . . ; . . . . . . . . . . . . . .  . . . . .  . . . . . . . . .  . .  ..;. : . . .  . . . . . . . . . *  . . . . .  . . .  . . 
......... i ;.:' ;.. , ,.; >.; I ., "\' 

:!:: .:': :,:::-, ..:.::.of ' this paper; y e t ,  ~ r e ~ t w o . : p & r k t i p ~ ~  merit ./ . . .  . . . . . . . . . . . . . . .  . . . . .  .: . 
. . . . .  . . . . . .  . . . . . .  . . . . . . .  

. . 
.... 

. . . . -.: . . ;.. 
. . . .  . . 

. . . .  , ' .  . . . .  . . .  
. . . . 

. .  . . .  . . '  . . .  ... . . .  . '.. _ 
. . .  .. 

. . . . .  
. . .  ... 

... 
. .  .... . . . . . . .............. . . . '  . 
. . .  

- -- 



. , . . 
likely r e q l ~ l r e  rr=zr.y verificz=iorzs ci 2os:con. T ~ i s  cor~l2  req.-: 2 

. . .,I a ,, , : , : a significant amount of time. Because of the obvious c lose  i n t e r -  
., . , * ..-. .. b 

. . 
, .  L , , ,. .I %,: <.I 

relationship between mapping for  navigation purposes  and mapping 
I . * . ,  . 

for  scien$fic purposes.  i t  i s  believed t l a t  mapping r equ i remen t s  
1 . , '  : ,,. . . . :,. 
: ,I,,,. . . t r . : : s >  

/.. . . require  careful planning p r i o r  to equipment definition. 

I , . I d .  . . 9 :  . !. . it  

I 1 3 '  1 1  : llll',. Drilling requi res  no such subtle interfaces as mapping; however ,  
..' .l'.,'\ .:I ... *. . I.,. . * 
, ,,.. :, ., r t .  .: S, I:, . this operation will undoubtedly requi re  a sizable amount of power-  

. . . ,,.,, , ,  ,.: !,,,.. ,,,, in order  to provide a hole suitable for logging and other  purpose&. 
,..I -..,,. 

.I*: i .~. . , , : .  I .: !,. ;II.,.. Since it must  be 'assumed that lunar  rock  is a t ' l ea s t  a s  h a r d  as the . 
,.* '.. 1 

hardest  of Ear th  rock, i t  i s  reasonable a l so  to a s s u m e  that  

appreciable drilling is required.  This means  the MOLAB m u s t  b e  

a t  a drill-holk s i te  for some time. The extent to which this  

detracts f rom the overal l  mission mus t  be carefully examined. 

, . 

These two activities s e r v e  to i l lustrate  the point that is not  

altogether practicable to design a surface vehicle and  then define . 

a mission for  it. The expected close margins  fo r  each integrated 

functional subsystem therefore requi re  that consideration be  given 

the mission during design of the MOLAB, just  as miss ion  planning . 

requires  that thought b e  given to MOLAB design limitations.  

. . 
Operations P lan  

I t  is always helpful t'o p resen t  a n  overal l  view of a miss ion ,  



. . , . . . .. I. ~ c u n  LL~WS; I~~SIR~~UC~TA~~CL: LCZ~OYCJ 
. *ti3 OliPA11S. .. , . .  . . . .  .- I .  U%A3 USLCIDLL 

. , ' .  . . L PiRhCSl: Cl iC&-o' i i l .  
. > ,. . . . . . 4 CUlLEU COYYITTCO. CR31T ASAICVEJ. 

. ' . . . .. 6. CY CONTltiiii: ITS UiSi:Ol. . . .. 
. . . c YOLAS r c r l v i i i i a  

. . ,  ' . 7. L i Y l T i l i 3  LC4 s1:zs v ia i r iC3 ,  
. . . .  , 8. L E Y  LALDI. 

' . .  . . 9. u o ~ i a  CG:JED TO LEU. 
' 

10. LEY ?'.ACC> Oh' tli.li3-GY. ilz-!.~ C ~ C C ~ ( - O V ~ .  

. .  . . . . .  11. T a ~ h ~ F i a  TO ~ 5 ~ ~ 3  C c u . ~ i i i ~ .  
. . 

. . . . ' . EGTC: U S l i  T h l 3  EVLtiT IS  CJY?:iTiD. T l l L  
. . . . . . . Ul fS iCX l iAY 9; A J O l l i D  i:li;SI AT V l i L .  . . . . ' GL?EX>IhC ?il:ilAa:LY U?O% ?i:lTIi:l W Tiri in. 

. . '. P i l X E  A S O i T i  RZCUII; hE7 i lPh  1 0  THE LCU 
Ah3 ACTlVATlON Cf TnZ A S C Z h i  LTACE. 

19. i i l t : V E  i.1 S~ATICX h.3, li C C i l i i h i  UilJI:i:.Al.Ci. 
E1C. Tn:S ;i T i t i  i h 3  C/ T n i  3iVLIC.T rUi.Ti j l i  
C? T k i  1RiV;C:E. 

PO. AiCi.7. 

21. PCIIC~II EUTIEZ A ~ S J C ~ A T ~ J  w i ~ u  T-Z r i ; z i c i  -.. .. I .a*ihATGa. 

2:. ?fi.#OAU L ~ i i P S i S S 3 C l i i i J  W I M  LiiSAR I I I h l .  

23. *AZ+ASZ TO ::>A27 f W  s i x 1  STA7lOIl. 

2<. RLTJXX TO S'ii:.:h hO I; PKlFOAU PPE:Ci(.ZiJ OUT.;% 

25. 7aLti:FER T J  LCU. PI:?AA: 1% IZP;CZVJJI. 

26. RC~ZCZVCIIS W l i Y  C Y i  S i P i R T  ?Oa I A Y i i l .  

. . . . . .  
I . .  . . - .  . 
. .. . - .  .: ' .  . . .  , . . . -. 

. . 

F i g  16 scient i f ic  g i s s i o n  Secuence of Events for  
z Four teen  Day  mission (Typical) 

. As shown, the mission begins v ~ i t i ~  the a ~ r i v a l  of the -A-pollo C a m ~ n z n d -  

~ o d u l e / ~ ~ l v l - ~ r u c k  with X3L;AB payloae ixto lilnar orkit .  The 

mission te rminates  when the z s  cenc s tage zchieves r endezvou ,~  at  
. . 

the end of the t r ave r se .  Two possible  zbor t  events z r e  shown. 
. . 

Again, L\e events shown a r e  based u?oc tiat2 present ly available. 

As m o r e  knowledge- is obtained, i t  hopefully will be possible  to 

assign t imes  to each event and z mz'thepatical simulation model , . . . - 
will be available for  optimizing each mission according to i t s  

0 .  

predetermined objectives. 

'The operation ?Ian shown zbove provides the mechanism by which 
. , 

' answers  to the questions ra i sed  ea r l i e r  car, be obtained. A sin-iilar 
. . 

network can  b e  ?re?zred far  eac:? station along t r a v e r s c  02- f o r  

'"S.- . each dzy 's  activit lL 
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- , t . n '  a I,,$. :,;.: I t  i s  worth noting, too, that once the MOLAB has started on the - 
... . ,,I l',. ,-. , , . .r .  . \ 

I,, ',I I t 2 1  ;, t i  a:i 
t raverse,  i t  is not a simple matter to abort the mission. Up until 

, '-f,, 1 ,  ,:,<. ' 
this time, i t  i s  necessary to wait until the CM i s  in the proper 

2 :,, ',' , # . I  r :  .a: 

I, . orbital position before initiating lift-off. This time i s  never 
,',. '. .* : . : - I .  , : . . a .  ,, 
i .  ; I .  ,. longer than the period of CM orbit  (approximately 2 hours). 

I , ,  . 
. *I,., ,. ;. 4 ., ,,..!! This presupposes that events a r e  such a s  to allow delay until lift- 
1. ; .. I, ..,. 

off. However, 'after the MOLAB leaves the LEM, time must be 

I :,,:CI',,", .. :. ,.I.' 

, , l l a , < . : l f . # !  , , I  t i , .  provided for return to the LEM. This time i s  a direct  function of ' 

I .,I.,I;,.: :,! . , l a*  : ,.a the distance to be traveled to the LEM. 
f . . , ! .  

t t t  t:! t -1:l.i I .,;.,?,.Y 

More data and study a r e  required before sequencing of activities 

and allocation of time can be optimized. Much cannot be done 

I . until a final design of the MOLAB i s  'chosen; much must  await the 

I .a. . definition of a scientific mission and the development o r  adaptation 

I .  of scientific instrumentation for lunar exploration. This plan has  
. . . . 

,,~.,ceraf t n s  in orZer ta ;c2rrr-:j- z z e b s  23z;~ay eC 5 s  g e 2 z r  co- -' ' 
. . 

. . . . '... 'where further study, ii.indicated.. . .  . . '. . . . . . . .  
. : . ' . , .  . . . . . 

, . . . 
. . .  . . .  . 
. .  . . . .  . .  . , 

. . 
ENVIRONMENTAL CONSIDERATIONS . . . . . . . . . 

. . . . .  . . . . . . 
: .  . .  , .  . . . .. . . . . . . . . . . . . .  
' .  . .  . . ... .. . payloads ,for ALSS will be exposed to severe environmental . . . .  .. . . . . 

I ' conditions. These environmental conditions a r e  exp6cted to vary 

I greatly during the life-time of the payloads a s  they go through 

I various phases on Earth, during flight, and during their stand-by 

a n d  operating modes on the lunar surface. 

, ' These conditions encountered by ALSS payloads will be, a t  f i rs t ,  

' essentially those encountered by any spacecraft o r  satellite. Later ,  

during an  actual mission on the lunar surface,' new environmental 

conditions will be encountered which will require special attention. 

Some of these a r e  peculiar only because of their severity; for - 

. I , .  

,'. . . 1 . . . I. . .  

. < . S . '  3 : ' . . I ,  I, .- ~ 
I a : , .  . . ) ,  ,.l 
), . I .  

3 2 
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, . -.. .  , 
_ I  , - . . !. . 
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example, the extremely low tempera tures  which some components 

o r  p a r t s  of the payloads will be subjected to during the long lunar  

night. Others ,  l ike par t ic le  radiation, become m o r e  ser ious  than 

they present ly a r e  for  spacecraft: and satel l i tes  because of the 

long-time exposure. The same  i s  t rue  of micrometeor i tes ,  but 

. . the sever i ty  i s  e q e c t e d  to b e  iztensii ied by secondary ejecta 

caused by impact  of 'micrometeori tes  on the lunar  surfzce.  
. . 

Environmental conditions which did not have to be  considered until 

now, except fo r  lunar  soft-lznding spacecraf t ,  a r e :  e lectromag- 

net ic  radiation emanating f r o m  znd being ref lected by the lunar  

sur face  (expected to be e q u i v a l e ~ t  to approximately one so lar  

constant); surface topography; sznd and dust; lunar  grzvity; possible  

sur face  e lec t r ic  potential; possible radioactivity; and possible  . 
I 

. se i smic  activity. 

Tlie topogrzphy. of the lunz i  snrface i n  smal l  detail  i s  not known 

as ye t  beczus e the resolution of observations and photographs is . . . . 

present ly  i n  the range of 150 m (450 f t )  t o  400 m (1, 200 ft) .  Until 

information of the luzzzr surface s t ruc ture  f r o m  Ranger  and 

Surveyor flights becomes zvailable, a hypotlietical Engineering 

Lunar  Model Surface (EL,MS)::c will be used for  fur ther  studies.  

This model h a s  been p repa red  fo r  the general a r e z  of exploration 

. .  descr ibed  above. It i s  based on the theory that the as  ye t  unknown 

micro-s t ruc ture  profile of the lunar  sur face  direct ly  r e sembles  

its macro-s t ruc ture .  Conservztive est imates 'of  the var ious 

, pert inent  soil  constants have been included in this model sur face .  
. . 

The study considers m a r i a  and upland surfaces.  FurcAermore, 

"Standard Obstacles" have been p o s t d a t e d  for  evzluating obs tac le  - - 

negotiability for  lunar  surface vehicle. Such mole1  su r faces  
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a r e  par t icular ly valuable in  o rde r  to compare different locomotion 

designs and evaluate their  perior,mance. 

I . '  

MOLAB TESTING CONSIDERATIONS 

. . 
' . _  

, Reliability t .  

. . 

A s  in  any macned mission,  the relizbili ty of z l l  sub-systems and 
. I 

their  integrated operation i s  of paramount importance. ALSS 

' sys tems should b e  given 'an' extensive p rogram of development 

and quality assurance  te'stlzg ar; a11 levels  of assembly.  A thorough 

C .  shoi ld  b e  p r b ~ i d i d  to minimize human e r r d r .  

. . 
~ n v i r o n m e n t a l  Tes t s  

' Environmental tes t s  , iccluding combined en& onmental t e s t s  , will 
. . 

have to be conducted to the g rea te s t  extent possible on complete 

MOLAB prototypes, consistent with the relative yield of information 

from'  the specific tes t s ,  the practicabili ty and cost  of t\e tes t ,  a n d .  

the cost  of the requi red  t e s t  facility. 

. % . Crit ical  Tes t s  

' One of the crit ical  problems is testing of the LMOLAB. I t  . 
would b e  desirable  to . test  full sca le  prototypes. The purpose would 

' b e  to 'verify experimentally the proper  thermal  design of the MOLAB 

and subsystems for varying thermal  conditions on the luna r  surface.  

A rea l i s t ic  simulation of electromagnetic radiation i n  a lunzr  environ- 

mentzl  chamber is .complicated by the problems of simulating 

' ra2iation emanating fro= and being reflected by the lunar  surface,  

in  additiolz'.to that of d i r ec t  so lar  radiation. 

0 .  



, . 

I ,  A.nother critical, a r e a  i n  testing of L\e MOLAB per ta ins  to the 

rea l i s t ic  simulatioh on Ear th  of i t s  dynamic and mobility 
. - 

charac ter i s t ics  u ~ d e r  the, influence of the lunar  gravity. Con- 
I . .. 

sidcrations have been given to testins full  sca le  vehicles with 

- .  suspension systems equipped wiL l  special spr ings and damping 

devices,  scaled down models,  and other means.  Much study on 

this subject is sti l l  required. 

, '  
, - 

Extended lunar  environment e q o s u r e  tes t s  for AMOLAB may  be 

. . considered' cr i t ical  f r o m  the point of view of the length of their  , 

I duration, a s  they will be tying up costly major  faci l i t ies  fo r  mzny 

months. A payload such as the M0LA.B s h o d d  undergo exposure 

I t es t s  under simulated lunar  environmental conditions; that  i s ,  

vacuum, simulated space heat  sizik, and so lar  and lunar  e lec t ro-  

magnetic radiation. ' The total t e s t  duration shoud, if possible ,  

1 be equal to the useful l ife-time of Lhe 'vehicle. During such a tes t ,  

f i e  M O L A B ' ~ ~ ~ ~  be brought to operational status sever  a1 t imes ,  

I , .  
checked out, possibly with active participation of astronauts  

I 
I where  feasible,  and r e  turned to dormant -status again: 
I 

I 
1 Astronaut Trzining 
/ 
I 
I In o rde r  to accomplish their  mission, it i s  of the g rea te s t  . 
I 

importance that the astronauts  be thoroughly acquainted with 

the equipment they mus t  use  on the lunar  surface.  They m u s t  
1 .  

know how to operate  the equipment, check it  out, trouble-shoot, 

and b e  able  .to accomplish sim2le adjustments and/or r e p a i r s  under 

lunar  environmental conditidns , in  many cases  while wearing a 

space suit. Repeated operation of the various subsystems and 



environmental conditions. I n  additioc, trzining i n  simcllators will 

be needed before'mission testing i s  s tar ted.  ! 

. . 

'  mission Testing 

. . 
After the astronauts  habe been' t ra iced scfficiently in s i=zlators  

and i n  the use and operation of all subsystems,  'including s c i e ~ t i f i c  

- instrumentation, tlhey must  pzr t ic ipate  i n  a s e r i e s  of simulated . < .. . .  . . . 

.mi s s ion  tes t s .  E a r l y  tes t s  of this  nature will be per formed u l ~ d e r  

par t ia l  simulation of the luza r  environment only. Ultimately, . . 

mission tests' should be  performed under conditions which 

azproach those on the l u ~ a r  surface as rnuch as pract ical .  This 

includes exposure of astronauts  and equipment to vacuum conditions. 

~ ; c h  tes t s  w o d d  have to b e  condu-cted in  a l a r g e  lunar  environmental. 

chamber.  Astronzuts shocld remain  in the chamber fo r  the durat ion 

of the mission test .  ' This t e s t  should be zs long as the 2lanned 

mission,  while the astronauts  a r e  performing, tb the maximum 

. extent possible,  all  the var ious tasks and duty cycles  descr ibed  

- in the section on a ty-piczl mission for  MOLAB above. 

. . . It would be des i ra  

b. Simulated hea t  sink of space  (black shrouds at LN2 

temperature) .  

' c. Solar simulation which. a l s o  provides simulation of the r is ing 

and setting sun. 

, d. E a r t h  shine . . simulaiion which-provide s. fo r  changes i n  relat ive 
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. . 
e. . Simulation of radiation emanating i r o m  and being 

. . 
, . . . -  reflected by the lunar surface.  

. ,, f .  - .. , 'Simulation o i  the lunar surface,  represent ing a typical 
. . , - 
. ,  , *  - 

. . landscape of the region.of lar,d13g, including sirr.ulatc2 

. . ' .  - #lunar  soil, if possible,. and rocks ,  and wit:? a to?ogrzphy 
* ' 

' . 
- ' . simulating that resulting f r o m  the jet b las t  of the LEM- Truck.  

. 2. - 

CONCLUSIONS . - . .  . - . - , . 

- .The resu l t s  of studies cor,dncted dnring i;he l a s t  eighteen months 
I 

indicate that i t  is feasible to provide an ear ly Apollo Logistic 

Support System-by using the payload carrying!capability oi a 

LEM-Truck. .  A payload delivered in this manner  will be czpzhle of 

extending stay-time of aLEM-landedzs t ronau t teamu?  to?oss ib ly  

. . two weeks - - duration. The Lunar ~ o b i 1 e ' ~ a b o r a t o r ~  (MOL-4B) i s  oae  
, ' 

. . such payload. I t  can provide a self-contained e n v i r ~ n ~ e n t a l  cozitl-01 
. . .. 

. system; locomotion, - power, communicatiocs, navigation, food 2nd 
. - 

scientific~equipment.  . A. two -man astronailt - team with M0LA.B 

- .. . -, ,can p e r f o r m  a broad and i ~ f o r m a t i v e  scientific exploration mission.  
. . 

. . . a .  The equipments and mission o iera t ions  plan that have been desc r ibe  

, .  .. a r e  admittedly general in  nature'.' Hopefully, lcnowledge gained 

f r o k ' s u c h  p rograms  a s  Surveyor'will p e r m i t  the design of pzylozds 

which a r e  based .not on a d m i t t e a y  conservative es t imates  Sut  on 

actual  lunar  conditions. Tne sys t em which h a s  beer, p r  esenced 

should b e  c a p a b l ~  of performicg general explorations o'r Lighly 

s ~ e c i a l i z e d  missions,  whichever may be &si red .  The operations 

. . , . - .  plan which h a s  been defined can be useful f o r  mathematical  

. ,  simulation of missions in order  tbat z m o r e  optimum order ing  o-C 
I * .  

events can be obtaiced. 

. - 
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