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i s  t o  experimentally va l ida te ,  
design c r i t e r i a  f o r  lunar 

surface  roving vehic les .  This invest igat ion i s  a follow-on t o  the s tud ies ,  "Man- 
System Locomotion Control and Display C r i t e r i a  f o r  E x t r a t e r r e s t r i a l  Vehicles 
(NAS8-20015)" and "Man-System C r i t e r i a  f o r  E x t r a t e r r e s t r i a l  Vehicles (NAS8-20006)" 
and w i l l  combine design c r i t e r i a  from these s tud ies ,  i n  addi t ion t o  those developed 
i n  o ther  separate  s tud ies ,  i n to  a program which includes mission operational  e f fec t s .  

26.. (u) PROGRESS: The contractor  has s a t i s f a c t o r i l y  assembled ;he required t e s t  
equipment f o r  t h i s  contract .  This includes: A4H pressure s u i t s  and ven t i l a t o r s  
(borrowed from the Manned Spacecraft Center (MSC), Houston, Texas; biomedical 
monitoring equipment f o r  hear t  r a t e ,  ekg, and resp i ra t ion  r a t e ;  and the necessary 
equipment t~ conduct gas analyses f o r  C02 and O2 content. Two t e s t  subjects  have 
been se lec ted ,  and an i n i t i a l  c a l i b r a t i on  of subject  O2 uptake/heart  r a t e  have 
been accomplished. A t e s t  p lan u t i l i z i n g  a "building block" approach t o  f a c i l i t a t e  
s t a r t i n g  with simple t ask  elements and then building t o  more complex, longer 
dura t ion  missions has a l s o  been developed. The contractor  has recent ly  accomplished 

rr. a complete systems checkout of a l l  the equipment u t i l i z e d  i n  the study and i s  
p resen t ly  acquiring t e s t  da t a  on the s impl i f ied  task  elements. A s trong attempt 
has been made t o  keep t h i s  study in tegrated with a l l  o ther  r e l a t ed  a c t i v i t i e s  t h a t  
NASA i s  pursuing i n  the  lunar surface  area. 
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(2) To provide human fac tors  design c r i t e r i a  and energy requirements fo r  a 

I va r i e ty  of e a r t h  o r b i t a l  tasks  applicable t o  the  development of space 
systems such a s  the Apollo Telescope Mount (ATM) and Orb i ta l  Workshop. 
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22. C O O R D I N A T I O N  

26.  (U) PROGRESS: A l l  object ives  of the OAP program as  outl ined above have been 
accomplished. 

RC.,OC,RCb,-; L.!i.l , I a, PRC'FE'>';IONAI. 
...-- -?L'.!YN:YKA-IG-. 

I.'F~IOH TY- 
. . . - . - . . . 67.- I .-- . -..1*.0 -- 
CCIRREYT F Y  - 68 - 

( 2 )  I n  order t o  accomplish e a r t h  o r b i t a l  oriented tasks ,  a s  described above, 
preliminary work has been necessary. This includes preparation of pressur izat ion 
and telemetry systems t o  be used i n  conjunction with zero-gravity s imula tors , '  
t r a in ing  of subjects  i n  the  simulators, and construction of mockups. This 
preliminary work i s  e s sen t i a l l y  complete. 
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(U) APPROACH: An experimental program, utilizing the optimized crew stations for 
open cockpit: vehicles derived in Phase 11, will be conducted utilizing a moving base 
simulation and wide angle projection system to investigate the validity of the results 
obtained in Phase 11. Performance of the operator in the conduct of the locomotion 
control task will be the primary consideration for pressure-suited conditions. 
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(U) PROGRESS: The FY-67 effort will yield locomotion and navigation control and dis- 
play criteria for small open-cockpit lunar roving vehicles under normal operational 
conditions. Field tests utilizing the Mobility Test Articles (EEA) at MSFC will be 
used to validate the fixed base simulation results where possible. 
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I ( U )  Objective: (a)  Problem: To determine the forces  and moments exerted on space 
\.chicles a s  a r e su l t  of appendage movement. (b) Application: Use in control studies 
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minimum disturbances a r e  allowed. (c )  Provide for controlling or compensating for 
the e f fec ts  of appendage movement, such as  rais ing an arm. These ef fec ts  can impart 
s ignif icant  forces that could jeopardize missions requiring extreme pointing accuracy, 
such as  tne ATM, or o rb i t a l  experiments requiring minimum disturbances, such as  
project thermo. 
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should be simulated and the resulting forces  and moments obtained. The impact  
on typical configurations should be evaluated. 
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21. TECHNOLOGY UTILIZATION 

OBJECTIVE: (U) To determine man-system criteria relative to man's capability to 
maintain and repair advanced space systems. Applications include the analyzing, 
servicing, disassembly, replacement, repair, and realignment of space system modules, 
subsystems, and components by man. 

,",m,"-. c.,.na 

1--- 
UWE General Electric k e a ~ m )  
ADDRESS: Valley Forge Space Technology Center 

Philadelphia, Pennsylvania 19101 
INVESTIGATORS 

PRlNCl PAL 

ASSOCIATE Miller, Edward S ,  
TFL. 215-969-5608 TYPE. 

22. COORDINATION 

APPROACH: (U) Empirical investigations are planned utilizing neutral buoyancy tech- 
,eiques to simulate zero-gravity conditions. Experiments 84A and 1A will yield data 
for force emission capability as a function of force receiver orientation and restrain 
and subsystem maintenance as a function of mass and geometry, respectively. Planned 
experimental work subsequent to 84A and 1A will provide data for free mass manipulatioi 
ancilliary equipment, torque emission in zero-gravity, modular disassembly, assembly, 
and replacement as a function of visual field, illumination, and accessibility. A 
"Human Engineering Experimental Handbook for Design Engineers1' will be prepared. 
Critical factors include shortage of Apollo Block 11 pressure suits and availability 
of neutral buoyancy facilities. 

- 

26. 
PROGRESS: (U) Experiments 84A and 1A have been designed for implementation in-house 
using a 35 foot tank 15 feet deep. Experimental equipment for 84A has been delivered 
and calibrated. Test subjects have been trained in Self-Contained Underwater 
Breathing Apparatus (SCUBA) and have received pressure suit indoctrination. Trahing 
for 84A is in progress, Preparation of the Human Engineering Experimental Handbook 
for Designers has begun. 
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(U) OBJECTIVE - a. Problem: To design, fabricate, test, and evaluate multi-purpose 
space tools. 
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assembly, and maintenance and repair tasks. 

c. This effort will result in recommendations for the development 
of prototypes for subsequent flight testing. 
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insofar as possible; Phase 11 - Design and fabrication of tools including some 
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for use in environment. Design suitable experiments for evaluation of the proto- 
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mechanical and water immersion, and tools available at MSFC, evaluate the test 
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