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PRE FACE 

Thi s report presents the resul ts of the T i me and Moti on Study per

formed on Apol l o  1 5  as authori zed by the J-1 Mi ss i on Requ i rements Docu

ment ( MRD ) . Thi s study i s  the res pons i bi l i ty of the Med i ca l  Research and 

Operati ons Di rectorate and is performed by Fordham Uni vers i ty unde r NASA 

Contract NAS 9- 1 1 839 . 

As stated i n  the MRD ( Secti on 4 ,  Deta i l ed Objecti ves ) ,  the purpose 

of th i s  study i s  11to eva l uate the di fferences, correl ation  and rel ati ve 

cons i stency between ground-based and l unar s urface tas k dexteri ty and 

l ocomoti on performance . 1 1 The ground-based ( 1 -g )  data were col l ected by 

performi ng t ime and moti on studi es of the crewmembers duri ng the i r s u i ted 

EVA s i mul ati ons at KSC . Lunar surface data cons i s ts of tel ev i s i on, moti on 

pi cture fi l m ,  ai r-to-ground voi ce transcri ptions made duri ng the l unar 

l andi ng vi s i t  and s ubjecti ve comments made dur i ng astronaut debri efi ng 

fol l owi ng the mi ss i on .  No spec i fi c  crew tas ks were requi red to support 

thi s objecti ve . 

Various aspects of crewman acti vi ty are i ncl uded i n  thi s report : an 

ana lys i s  of l unar mob i l i ty ,  a comparati ve acti v i ty ana lys i s  ( 1 -g versus 

l unar )  at three l evel s of compl exi ty ,  a comparati ve ana l ys i s of metabol i c  

rates duri ng l unar acti vi ty and a fa l l /near-fa l l analysi s .  I t  i s  meant 

to provi de a documented descri pti on of l unar surface performance , to i so

l ate the vari ab l es wh i ch affect l unar surface performance, and hopefu l ly  

to prov i de an i nput for future l unar acti vi ty p l ann i ng .  
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SUMMARY 

The T i me and Motion  Study of Apol l o  1 5  l unar s urface acti v i ty l ed to 
an exami nati on of four  d i sti nct areas of crewmen acti v i ty .  These areas 

are :  an ana lys i s  of l unar mobi l i ty ,  a comparati ve ana l ys i s  of tas ks per
formed i n  1 -g trai n i ng and l unar EVA , an analys i s  of the metabol i c  cost 

of two acti vi t ies  that are performed i n  several EVAs , and a fal l /near-fal l 

analys i s. 

An analys i s  of mob i l i ty showed that the crewmen used three bas i c  

mobi l i ty patterns (modi fi ed wa l k ,  hop , s i de step ) wh i l e  on the l unar sur

face . These mob i l i ty patterns were uti l i zed as adapti ve modes to compen
sate for the uneven terra i n  and vari ed soi l cond i ti ons that the c rewmen 

encountered. 

A compari son of the t ime requi red to perform tasks  at the f ina l  1 -g 

l unar  EVA trai n i ng ses s i ons and the t ime requ i red to perform the same task 

on the l unar surface i ndi cates that , i n  a l most a l l cases , i t  took s i gn ifi 
cantly more t ime (on the order of 40% ) to perform tas ks on the moon . Thi s  

i ncreased t ime was observed even after extraneous factors ( e . g . , hardware 
di ffi cu l ti es ) were factored out . Further , tas ks whi ch predominantly 

requ i re fi ne motor acti v i ty are more l i ke ly  to be adversel y affected by 
l unar work i ng condi ti ons than those whi ch requ i re predomi nantl y gross 

motor acti v i ti es .  
Metabo l i c  cost decreases as the c rewman repeats a task over successi ve 

EVAs . From the fi rst to the second EVA performance. this decrease i s  on 
the order of 10%. In general there was an overall i mprovenl!ftt in perlor

mance over the three EYAs. 

A pi l ot study of falls and near-fal l s  points up 5eve ra l contributing 

factors--the near-fa i l ure cond i ti on of  soil at the edges of craters, the 
d ifference i n  angul ar and fri cti onal  forces {reduced tracti on ) , and l imi ted 
vis ibi 1i ty . 



I .  QUANT ITY AND QUAL ITY OF DATA 

A .  Tel evision 

For general viewing , the qual ity of the TV transmission from the 

l unar surface undoubtedl y  exceeded expectations .  Time and Motion (TAM) 

requirements , however ,  a re much more stringent and a number of p robl ems 

associated with the actua l TV coverage have l imited both the quantity 

and qual ity of the data avail ab l e  for anal ysis . I n  particul ar  these 

probl ems were : 

Deviations from p l anned TV coverage . 
Direction of camera during TV coverage .  
Qua l ity o f  kinescopes . 

1 .  Deviations from P l anned T V  Coverage 

The discrepancy between the p l anned and actual TV coverage is 

s ummarized in Tab l e  1. 

2 .  Direction of Camera during TV Coverage 

Our primary interest was in the activities of the crewmen as they 

performed their assigned tas ks . However , it is recognized that geol ogica l  

a n d  hardware priorities were paramount i n  Apol l o  15. As a resu l t  o f  these 

emphases severa l important activities of prime interest to us were missed . 

3 .  Qua l ity of Kinescopes 

Another obstacl e  to efficient analysis was the re l atively poor 

qual ity of the b l ack and white kinescopes compared to the col or TV trans

missions . Al though these kinescopes are better than those obtained in 

previous missions , the l os s  of resol u tion and detail in kinescope repro-

duction coup l ed with the added l os s  of the col or dimension makes detail ed 

TAM analysis very difficu l t .  



Table 1 
PLANNED AND ACTUAL TV COVERAGE 

(APOLLO 15) 
2 

Planned TV Coverage 

EVA 1 

CDR and LMP Egress 
* LRV Off-load 

LRV Confi gurati on 
* Stati on #1  Geology 

* Stati on #2 Geology 

Stati on #3 Geology 
* ALSEP Off- l oad 
* ALSEP Depl oy 

EVA C l oseout 

EVA 2 

Preparati on for Traverse 
* 5 Geol og i ca l  Stops P l anned 

Stati on #6 

Stati on #6A 
Stati on #7 

Stat i on #4 

At LM (Real-ti me change ) 
* ALSEP Operati ons Completi on 

i nc l udi ng Stat ion #8 
* EVA C l oseout (with F l ag deploy ) 
EVA 3 

Preparati on for Traverse 
* Core Stem Recovery 
* Stati on #9 
* Stati on #9A 

Stati on #10 

EVA Closeout 

Actual TV Coverage 

As p l anned . 

As planned but too d i s tant for deta il . 

Same as  LRV off- l oad . 
Act i v i ty i n  poor pos i t i on i n  rel at ion 
to sun . E xtens i ve geologi ca l  pans . 

As planned - Generally good data . 

Short stop - TV not acti vated . 

No coverage - TV not acti vated . 
As p l anned - Coverage di ffused by 
attempt to document both crewmen . 
No coverage - TV not acti vated . 

No coverage - TV not acti vated . 

Rea l -t ime Planni ng .  
TV coverage - good data for analys i s .  

No coverage - TV not acti vated . 
TV acti vated - good data for analys i s .  

No coverage - TV not acti vated . 

No coverage - TV not acti vated . 

TV - Stati on #8 coverage was good -
but ALSEP coverage poor . 
TV acti vated - poor coverage ( Fl ag ok ) . 

TV acti vated - poor coverage . 
TV acti vated very poor coverage . 

TV acti vated - very poor coverage . 

TV acti vated - good coverage . 
TV acti vated - limi ted coverage . 

TV acti vated - l i mi ted coverage . 

* Where TV coverage wa s expected to g i ve bes t opportuni ty for TAM analys i s  

of crew acti vi ty .  The phrase 11poor coverage1 1  refers to TAM requ i rements 
only . 



4 .  General Comment 

I n  spi te of the fact that a good porti on of the pl anned acti vi ty 

was not reali zed , enough of the TV coverage was adequate to accompli sh  a 

good deal of our planned analys i s .  

B .  1 6mm Lunar Surface Mov i e  F ilm 

3 

Fai lure of the 1 6mm Data Acqu i s i ti on Camera ( DAC ) system reduced the 

q uanti ty of usable film to one roll . The sequences on th i s  roll were shot 

duri ng one of the LRV ri des and were not of much use for th i s  project . 

An important phase of our analys i s  was dependent upon the 1 6mm DAC 

System , especi ally for the accurate measurement of the crewman • s  locomo

ti on . The advantages of the DAC are that i t  uses a fi xed l ens system, i t  

i s  not panned duri ng use , and i t  has a much h i gher resoluti on than the TV 

camera . 

C .  Voi ce Data 

Offi c i al transcri pts of the voi ce transmi ss i ons  duri ng the three EVAs 

have been used i n  our analyses . Any di screpanci es between the t ime gi ven 

on the voi ce transcri pt as compared to the kinescopes have been corrected 

i n  our analyses . 

D .  Astronaut Techni cal Crew Debri efi ng 

Thi s  i nformati on has been helpful i n  resol vi ng d i ffi culti es i n  i nter

pretation  of the data. 



E .  Phys i olog i cal Data 

Wherever feas i ble and meani ngful metaboli c and heart rate data were 

compared wi th crewman mobi li ty and  tas k  performance data . 

F .  EVA Timeli nes 

4 

The EVA t imeli nes as determi ned by TAM analys i s  may be found i n  Appen

d i x  A .  Wi thi n each EVA , a table i s  allotted to each crewman . The time 

poi nts were determi ned from ki nescopes and voi ce transcri pts . 

These tables present a s ucci nct but synopti c v i ew of the vari ed char

acteri sti cs i nvolved i n  the three EVA act iv i ti es. They are valuable as 

qui ck  reference markers to i denti fy speci fi c  areas for analys i s , to poi nt 

up i mportant correlati ons among vari ables and as i nputs to the plann i ng 

for future Apollo mi s s i ons . 



II . MOB IL ITY EVALUAT ION 

A.  I n troduct i on 

Mobi l i ty of crewmembers on the l unar surface i s  of pri me i nterest i n  

any l unar EVA . On Apol l o  1 1 , a s pec i fi c  segment of the EVA was devoted 

5 

to mob i l i ty eva l uati on (Ana lys i s  of Apol l o  !l Lunar EVA [Mobi l i ty Eva l ua

ti on]* ) .  I t  was determi ned that no seri ous probl ems were presented by 

the l unar env i ronment ( 1 /6-g , so i l cond i ti ons , pres sure s u i ts , etc . ) and 

the crewmembers readi ly adapted to these factors . Two types of mobi l i ty 

are consi dered ; ( 1 )  wa l k i ng from one s i te to another , more or l ess  1 1 free11 

wa l k i ng ,  and ( 2) manueveri ng at an experi ment or s i mi l ar s i te i n  the per

formance of a tas k .  As contrasted to previ ous Apol l o  l unar mi ss i ons , the 

crewmembers on Apol l o  1 5 ,  because of the LRV , had rel ati vely s hort wal k

i ng segments . The l ongest wa l k  on Apol l o  1 5  was about 4oo • -5oo• ( from 

LM to ALSEP  s i te } , several were of 1 00 ' -200 ' , but the majority of tri ps 

are estimated at l ess  than 30 ' .  However , more actual t ime was s pent at 

ta sk  s i tes , wh i ch requi red a d i fferent k i nd of mobi l i ty .  These s i tuati ons 

are analyzed i n  deta i l i n  th i s  sect i on .  

The l ow l unar gravi ty presented few probl ems . Al though i t  ( l /6-g ) 

reduces mobi l i ty tracti on to l /6 that on earth , onl y  rare ly  di d a c rew

member s l i p  and/or fal l .  ( See Secti on V on Fal l s  and Near Fal l s . )_ The 

reduced tracti on was compensated for by the l ower wei ght of the crewmember , 

as  wel l  as by the ri bbed boot des i gn and soi l characteri sti cs . In general , 

s i deways movements were not iced more frequently  i n  tas k  performance , wh i l e 

hopp i ng type mot ions were observed more frequently i n  free wa l k i n g .  These 

*Fordham Uni vers i ty 1 970 



movements seem to be the crewmembers • methods of adapti ng to the l u nar 

envi ronment . 

B .  Factors Affecting  Crewmembers • Mobi l i ty 

A number of factors affect the crewmembers• abi l i ty to move about on 

the l unar s urface . These are i denti fi ed i n  the fol l owi ng outl i ne .  

1 .  Terra i n  

a. Cons i stency , dens i ty ,  compactness ,  and other characteri sti cs 

of  soi l .  

b .  S l ope of terra i n. 

c .  Presence of rocks , smal l depress i ons and r i ses , and other 

mi crofeatures of the area . 

d .  Pos i t i on o f  s un , wh i ch affects abi l i ty to pi ck  u p  terra i n  

features . 

e. Lunar gravi ty - 1 /6-g . 

2 .  Tas k ,  equ i pment , etc . 

a .  Crewmember carryi ng obj ects of vari ous s i zes , bul k ,  mass , 

fragi l i ty ,  etc . 

b. Di stance of traverse. 

c. Traverse confi gurati on . 

( 1 )  Stra i ght l i ne - forward , back , s i deways. 

6 

( 2 ) Curved path - l ength of radi us; forward , back , s i deways. 

d .  Nature of acti v i ty ,  s uch  a s  photography , geol ogi cal  search , 

setup of equ i pment , or pure movement to another l ocati on . 

3 .  Crewmember 

a. Previ ous experi ence , cond i ti on i ng : amount of time s pent i n  

l unar mobi l i ty .  



b. Fami l i ari ty wi th parti cul ar  area. 

c. Phys i ca l  cond i ti on - fati gue , other phys i o l og i cal factors . 

C .  Types of Mobi l i ty 

1 .  Wa 1 k 

7 

Th i s  i nvol ves the usual  wal k i ng gai t ,  but frequently  i n  l unar 

trans l ation  one foot wi l l  l ead , or take a l onger stri de . * Because of s u i t 

restri cti ons , soi l condi ti ons , and 1 /6-g , the two step stri de was not 

l ong ( those measured were about 30 1 1) , and there was some 1 1 fl oati ng , 1 1  or 

t imes at whi ch both feet were off the ground . The su i t a l so requi red 

the crewmember to wa l k  wi th h i s  feet s pread apart 1 0 11 to 1 5 1 1 • 

2 .  Hop 

a .  In both short and l ong d i s tances , crewmembers a l so  moved 

( forward and back) by means of a hoppi ng mot i on , i n  whi ch one foot a lways 

preceded the other. I t  was not uncommon to have both wal k and hop used 

i ntermi ttently duri ng a parti cu l ar traverse .  The pattern frequently fo l 

l owed was to start out i n  a wa l k i ng ga i t ,  but change to a hop . The soi l 

appeared to be a factor i n  th i s ,  s i nce i n  many areas the crewmember wou l d  

ki ck  u p  soi l wh i l e  wa l ki ng , and then change to the hop , whi ch meant that 

on ly  one foot wou l d  k i ck up so i l .  Further , the hoppi ng moti on wou l d  l i ft 

the feet c l ear and avo i d  some soi l k i c k i n g .  

b .  The l ength o f  a hoppi ng str i de , approxi mate ly  24 1 1 , was shorter 

than that of a wal k. Aga i n  the feet had to be carri ed 1 0  - 1 5 11 apart 

because of the su i t .  

c .  Occas i onal ly  the crewmember woul d  use  a s hort shuffl e. Th i s  

appeared where the so i l created an extra restri cti on , and where better 

control of l ocomotion was des i red. Thi s l atter i s  a subjecti ve eva l uati on , 

*A stri de i s  defi ned as two succes s i ve steps . 
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based on ki nescope observation . 

3 .  S i de-step 

Much of the acti vi ty i n  the equ i pment area requ i red mov i ng around 

or a l ong s i de the equ i pment .  The ga i t  emp l oyed i n  these s i tuati ons was 

frequently a s i de-s tep or s huffl e ,  wh i ch occas i ona l ly i ncl uded a hop . I n  

many such cases , the general path was curved , the crewmember work i ng and 

movi ng around an object or  pi ece of equ i pment , or  performi ng a task such 

as photography whi ch requi red gett i ng i nto pos i ti on .  The s i de-step was 

a l so  used i n  chang i ng d i recti ons ( or head i ng) , aga i n  wi th the hop as an 

i ntegral part . Th i s  occu rred espec i a l l y  on rough or rock terra i n .  

D .  Method of Ana lys i s  

1 .  Source o f  Data 

The data and descri pti ons were obta i ned from the analys i s  of 

k i nescope fi l m  of l unar TV . Ki nescopes were projected on a Vanguard Moti on 

Analyzer for frame-by-frame anal ys i s .  GMT i s  superimposed on the k i ne

scope to the nearest second . Parts of seconds ( 1 / 24 second per frame) 

are obtai ned by read i ng the frame counter on the Vanguard . 

2 .  Measurement  of Di stances 

The d i s tances crewmembers moved were determi ned by fi rst measur

i ng the hei ght of the i mage of a PLSS or crewmember on the screen , and con

vert i ng th i s  to a sca l e factor ( 1 11 on s creen = X i nches on l unar s urface) . 

Use of X - Y crossha i rs on the Vanguard s creen ( readout in . 001 1 1 ) enabl es 

the analyst to determi ne actual d i stances moved , or other d imens i ons wi th 

good accuracy , probably wi thi n� 5%. Accuracy i s  affected by d i s tance 

of subj ect from camera , pos i ti on of subj ect , reso l uti on of the camera and 

fi l m ,  etc .  
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An add i t i ona l probl em assoc i ated w i th measurement of mobi l i ty i s  

that i n  many cases the camera was mov i ng ( panning or zoomi ng). Th i s  pre

vented poi nt-to-po int scal i ng on the screen. Attempts were made , however ,  

to sel ect scenes for analys i s  i n  wh i ch the camera d i d  not move , and a l s o  

scenes i n  wh i ch the s ubject moved di rectly acros s the camera , o r  norma l 

to the l ens. S i nce these condi ti ons coi nci ded only rare ly , approxi mati ons , 

averages , and s i ng l e  frame measurements , were used to secure reasonably  

accurate data. 

3 .  Qual i tati ve Analys i s  

I n  add i ti on to the quanti tati ve data , the k inescopes provi ded a 

good bas i s  for the qua l i tati ve descri pti ons g i ven earl i er i n  thi s secti on .  

These descri ptions reveal ed several d i fferent mob i l ity patterns i n  the 

movement of astronauts on the l unar surface. 

E .  Ana lys i s  of Mobi l i ty Segments 

1 .  EVA 1 

a. CDR moves toward LM duri ng LRV depl oyment. 

( GMT 21 2 : 1 4 : 04 : 35). Time i nto EVA 1 - 52 mi n. 

Locati on - at LM. 

Mode : Hop and "bounce 1 1  forward i n  stra i ght path : not carry
i ng anythi ng. 

Data : Di stance moved - 4. 8 •  i n  4. 0 sec. for 1 . 2•;sec . rate . 

Comment : Area near  LM on s l i ght s l ope and re l ative ly  smooth , 
wi th l oose so i l .  P i cture s howed CDR to knees onl y ,  
so that detai l s  of foot acti on not known. The 
appearance of s hort hops and a 1 1 bounc ing 11 moti on 
was evident. 



b. LMP near LM , carryi ng 70mrn camera . 

( GMT 2 1 2 : 1 4 : 09 : 09) . T ime i nto EVA 1 - 57 mi n .  

Locati on - at LM . 

1 0  

Mode : Wal k i n  stra i ght path wi th hop i nters persed ; 70mm camera 
mounted on pressure su i t .  

Data : D i s tance moved - 6. 1 '  i n  6 . 0  sec . for 1 . 0 ' /sec . Sec . 
by sec . rates i n  ft . /sec : . 9 ,  1 . 2 ,  . 9 ,  . 9 ,  1 . 2 ,  1 . 1 .  

Comment :  Same cond i t i ons as i n  ( 1 )  above . Sec . by sec . rates 
i ndi cate the var i abi l i ty i n  the wal k-hop type of 
mobi l i ty .  

c. LMP movi ng u p  s l i ght s l ope on far s i de of LM , fo l l owi ng CDR 
i n  LRV . 

(GMT 21 2 : 1 4 : 1 0 : 35). T ime i nto EVA 1 - 58 mi n .  

Locati on - at LM . 

Mode : Hoppi ng wal k up  s l ope wi th 70mm camera . 

Data : Di stance moved - 6. 7 '  i n  7 . 5  sec . for . 9'/sec . 

Comment : Th i s  was a short segment of an extens i ve traverse 
( the fi rst i n  th i s  EVA) . On ly  thi s port ion was i n  
camera range because the LM was between i t  and LMP . 
Movement was by characteri sti c hoppi ng type wa l k  
wi th one foot l eadi ng the other most of the ti me. 

d. CDR carri es LCRU from MESA to L RV. 

( GMT 2 1 2 : 1 5 : 20). T ime i nto EVA 1 - 2 hr .  7 mi n .  

Locati on - at LM . 

Mode : Combi nati on wal k  and hop. 

Data : D i stance moved - 9 . 0 '  i n  6 sec . for 1 . 5 ' /sec . rate . 

Comment : Thi s traverse only i ncl uded the actual wal k-hop 
segment , and not the start and end. CDR took rather 
s hort steps , and vari ed the ga it  even i n  th i s  short 
move . The LCRU i s  a re l ati vely sma l l object , and 
di d not appear to i mpede mob i l i ty .  



1 1  

e .  LMP carryi ng extens i on hand l e for core . 

T ime 
Step Uni t 

2 

3 

4 

5 

0 

1 . 3 

. 9  

1 . 6 

1 . 2 

( GMT 2 1 2 : 1 6 : 40 : 59) . T ime i nto EVA 1 - 3 h r .  28 mi n .  

Locati on - Stati on #2 . 

Mode : Wal k wi th extens i on handl e .  Re l at i ve ly  l evel , smooth 
surface , except for s l i ght depress i ons . 

Data : Thi s  segment was ana lyzed for each step to show l ength 
of steps and rate of movement . 

( sec . )  Di stance ( ft . ) 
Cum . Step Cum . Descr ipti on 

0 0 

1 . 3  1 . 8 

2 . 2  2 . 5  

3 . 8  1 . 1  

5 . 0  2 . 1  

0 Left foot . Left surface dur i ng  step . 
( Starti ng poi nt . )  

1 . 8 Ri ght foot .  Left surface duri ng step . 

4 . 3  Left foot . Sank 8 - 1 0" i nto a depres 
s i on .  

5 . 4  R ight  foot .  Ki cked soi l and  shortened 
step . 

7 . 4  Left foot . Recovered and took l onger 
step . 

D i s tance covered - 7 . 4 1  i n  5 . 0  sec . for 1 . 5 1/sec . rate . Rate fl uctuated 
apprec i ab ly  step by s tep . 

Comment : I n  th i s  case the l eft foot seemed to l ead i n  that i t  took the 
l onger steps , wi th the ri ght foot pul l i ng j ust  ahead . I t  i s  
a l s o noted that frequently both feet are off the ground duri ng 
a step , resu l t i ng i n  a bounci ng or "fl oati ng " effect . The 
l /6-g , soft soi l , mi nor depres s i ons , a l l tend to cause the 
i rregul ar ga i t  and the tendency for one foot to l ead the other . 
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2. EVA 2 

a. LMP on l ong stra i ght path down gradual s l ope , then down steeper 
s l ope ; and then l evel .  

(GMT 21 3 : 1 3 : 52 : 57). T ime i nto EVA 2 - 2 hr. 5 mi n. 

Locati on - Stati on #6 . 

Mode : Wa l k ,  wi th ri ght foot l eadi ng , or tak i ng l onger s teps 
for fi rst segment on rel ati vely smooth , gradual  s l ope. 
On steeper s l ope used s horter steps , or hops , then 
reverted to fi rst mode. LMP carryi ng camera. 

Data : Di stance covered i n  fi rst , rel ati vely l evel , smooth 
segment - 38. 5 '  i n  20 sec. for a rate of 1 . 9 ' /sec. 
Second part - 42 ' i n  20. 8 sees. for a rate of 2. 0'/sec. 
Overa l l average - approxi mate ly  2. 0 ' /sec. 

Comment : Th i s  represented a rel ati ve ly  l ong , strai ght , 
uni nterrupted traverse over rel ati vely smooth , l evel 
terra i n , wi th one dec l i ne of a few feet i n  the mi d 
d l e. The soi l s eemed typi cal i n  that i t  was soft 
and was ki c ked up  i n  sma l l  amounts. The 2. 0 ' /sec. 
probably represents an opti mum rate for thi s type 
of terrai n for l onger d i stances. 

b. CDR i n  s i de-hop for short d i s tance. 

( GMT 21 3 : 1 3 : 58 : 07). Ti me i nto EVA 2 - 2 hr. 1 0  mi n. 

Locati on - Stati on #6 . 

Mode: S i de-hop i n  a c i rcu l ar path of about 90° arc , to pi ck 
up rock wi th tongs and return to p l ace rock i n  con
tai ner hel d by LMP. Thi s i s  more a manuever to get 
i nto pos i t i on to p i c k  up s peci men rock  than perform a 
traverse as descri bed above. Tongs hel d i n  ri ght hand 
u sed to pi ck  up  and carry rock. 

Data : Moves to r ight  by a l ternately movi ng ri ght foot then 
l eft , accompan i ed by a hop so  that both feet are off 
s urface. A turn i s  a l so made by p i voti ng as feet 
touch s urface. Four such  s i de hops i n  a goo arc and 
travers i n g  about 5 '  were accomp l ished i n  5. 5 sec. for 
a rate of 0. 9 ' /sec. 

After grasp i ng rock i n  tongs , CDR pi vots goo, and 
returns to starti ng po i nt i n  three hops , feet together 
and stops by s l i di ng i n  so i l .  The d i stance traversed 
was about 3 '  i n  1 . 6  sec. for a rate of 1 . 9 ' /sec. 
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Comment : The surface was rel ati vely fl a t .  The i ni ti a l part 
i nc l uded gett i ng set to p i ck  up a parti cul ar rock 
wi th tongs , whi ch meant us i ng more and s horter s i de 
hops. The return i ncl uded a s i de hop and a forward 
hop to a not so  prec i se l ocati on . The s k i dd i ng stop 
wi th both feet k i cked up  a l arge amount of so i l . 

3 .  EVA 3 

The di fference i n  vel oci ti es i s  a resu l t of d i fferent 
objecti ves at the end of each short travers e .  

a .  LMP i nvol ved i n  geo l ogi ca l  descri ption and tak i ng photographs 
at the begi nni ng of Stati on #9A. The camera i s  mounted on 
h i s  s u i t and he i s  carryi ng tongs wi th h i s  l eft hand . 

( GMT 2 1 4 : 1 1  : 05 : 05) . T ime i nto EVA - 2 h r .  1 3  mi n .  

Locati on - Stati on #9A. 

Mode : Wa l k ( i n  essenti a l ly  a stra i ght path) . 

Data : Di stance moved i s  1 5 '  i n  1 2. 6  seconds for a rate of 
1 . 2 ' /sec . 

Comment :  The surface was smooth , compact and l eve l . The LMP 
was mere ly wa l k i ng from one spot to another . The 
l ength of the average step wi th the ri ght foot was 
1 . 1 ;  wi th the l eft foot was 1 . 2 ;  and wi th both feet 
was 1 . 2. The l engths of the steps ranged from . 5' 
to 1 . 8 ' .  

b .  LMP movi ng t o  ai d CDR after fa l l .  

{GMT 2 1 4 : 1 1 : 06 : 49). T i me i nto EVA - 2 hr .  1 5  mi n .  

Locati on - Stati on #9A. 

Mode : Wa l k  

Data : A s hort segment , c l ose  up , s howed LMP hurryi ng to a i d  
CDR who had j ust  taken a fa l l . I t  i s  assumed LMP i s  
travel i ng at h i s  bes t s peed . H e  moved at the rate of 
1 . 9 ' /sec . and one step was determi ned from foot i mpri nts 
i n  soi l to be 31 ". D i s tance moved was 4 . 8 '  i n  2. 5 sec. 

Comment : S i nce thi s consti tuted what  mi ght have been an emer
gency , i t  i s  ass umed that LMP moved as rapi d ly  as 
pos s i bl e. The rate ( and l ength of step) may be 
c l ose to maxi mum for s hort d i s tances . 

NOTE : The data for each of these mob i l i ty segments i s  s ummari zed i n  
Tabl e 2 .  
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Tabl e 2 
SUMMARY OF  MOB I L I TY SEGMENTS 

Cl ock { l ) D i s tance T ime (2) 
No . CM T ime ( feet) ( sec . ) 

EVA 1 

a CDR 0 : 52 4 . 8  4 . 0 

b LMP 0 : 57  6 . 1  6 . 0  

c LMP 0 : 58 6 . 7  7 . 5  

d CDR 2 :07 9 . 0  6 . 0  

e LMP 3 : 28 7 . 4  5 . 0  

EVA 2 

a LMP 2 : 05 ( l s t part) 
38 . 5  20 . 0  

( 2nd part) 
42 . 0  20 . 8  

b CDR 2 : 1 0  ( l st part) 
5 . 0  5 . 5  

( 2nd  part) 
3 . 0  1 . 6 

EVA 3 

a LMP 2:13 1 5 . 0  1 2 . 6  

b LMP 2: 1 5  4 . 8  2 . 5  

( 1 )  Hours , mi nutes i nto EVA . 
( 2) Seconds requ i red to cover d i s tance . 

Rate 
( ft/sec) 

1 . 2 

1 . 0 

0 . 9  

1 . 5 

1 . 5 

1 . 9 

2 . 0  

. 9  

1 . 9 

1 . 2 

1 . 9 

1 4  

Locati on Cond i ti ons 

LM Uphi  1 1  s l ope , 
smooth 

LM Uphi l l  s 1 ope , 
smooth 

LM Uphi  1 1  s 1 ope , 
smooth 

LM Leve l , smooth 
carryi ng LCRU 

Sta . 2 Level , smooth 
carryi ng 
extens i on 
handl e 

Sta . 6 Down h i  1 1  s l ope , 
smooth 

Sta . 6 Downh i l l  slope , 
smooth , carry-
i ng camera 

Sta . 6 Leve l , smooth 

Sta • 6 Level , smooth 

Sta . 9A Level , and 
rel ati vely 
rough  terra i n  

Sta . 9A Level , and 
rel ati ve ly  
rough  terra i n  
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F .  General Summary 

1 .  Certai n s ubtl e changes are noted between EVAs 1 ,  2 ,  and 3 .  Con

fi dence i s  gai ned wi th experi ence and the crewmembers moved about the 

l unar su rface wi th i ncreas i ng confi dence and s k i l l . Vel oci ty ,  too 

i ncreases. However , part of the i ncrease i s  due to the downhi l l  segment 

i n  EVA 2 .  Compared to the fi rst three uphi l l  segments of EVA 1, downh i l l  

mobi l i ty i s  about twi ce as  fast . 

2 .  I t  appears that the soft , powdery characteri sti cs of the soi l 

( varyi ng from one l ocation  to another ) , the presence of many sma l l depres 

s i ons and ri ses , even i n  smooth , uncl uttered areas , and the other vari abl es 

l i sted at the beg i nn i ng of  thi s  report , i nduce vari ati ons i n  mob i l i ty on 

the l unar s urface . Each step may be of d i fferent l ength and t ime dura 

t ion , a s  wel l a s  varyi ng i n  coord i nati on .  Crewmembers wou l d frequently 

change from a wa l k ,  to a hoppi ng-wa l k ,  or canter , wi th one foot i n  the 

l ead , to a pure hop , and occas i ona l l y  take two or three very s hort shuf

fl i ng- l i ke s teps . U ndoubtedly , the vary i ng nature of the soi l and ter

ra i n ,  p l us restri cted downward v i s i bi l i ty ,  contri buted to thi s pattern . 

I t  seemed as i f  the c rewmembers had to 1 1 feel 11 the i r  way a l ong, and the 

hoppi ng- l i ke moti on provi ded the greatest sense of  securi ty - the same 

foot was a lways i n  front .  

3 .  The s i de-hop , wi th crewmen l eavi ng the s urface wi th both feet 

duri ng the hop , was used pri mari ly for work around equ i pment or for get

ti ng i nto pos i ti on to pi ck  up an  object , to photograph or  a ss i s t the other 

crewmember.  Frequent ly , the hop , or occas i ona l l y  a step , woul d be to the 

rear , and no part i cu l ar d i ffi cu l ti es were observed i n  such backward move

ments . 
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4. I n  genera l , man read i l y  adapts to the lunar envi ronment as far as 

mob i l i ty i s  concerned . The terrai n ,  soi l , and v i s i bi l i ty factors seemed 

to present some d i ff i cu l ti es and probably  contri buted to fal l s , mi shand l i ng 

of objects , etc . The cons tra i nts of the su i t a l so  affected mobi l i ty ,  

causi ng a wi de stance stri de , and rel ati vely s hort steps. A stri de ( two 

s teps) was typi cal ly  30 - 36 11, and occas i ona l ly  up  to 48- 52 1 1• Even i n  

the l onger stri des , one foot wou l d  take a l onger step than the other . 

Th i s  produced a hoppi ng-l i ke wa l k ,  somewhat resembl i ng the canter of a 

horse . 



I I I .  COMPAR I SON OF LUNAR EVA WORK PERFORMANCE WITH 1 -g TRA I N I NG 

A .  I n troduct i on 

1 .  Purpose 

1 7  

One of the pri nci pa l purposes of ti me and moti on ana lys i s  of 

Apol l o  1 5  acti vi ti es was to compare s i mi l ar acti v i t i es performed by crew

members duri ng 1 -g s u i ted trai n i ng and duri ng l u nar EVAs . The bas i s  for 

compari son was the t ime requi red for performance; however ,  other factors 

s uch as envi ronmenta l condi ti ons , d i ffi cu l ti es encountered , nature of 

task , etc . , were cons idered and eval uated . 

These comparati ve analyses attempt to quanti fy task  performance 

under 1 -g a nd l unar condi ti ons i n  order to devel op a better understandi ng 

of how human act i vi ty i s  performed on the l unar s urface and to faci l i tate 

future pl anni ng for s uch acti v i ti es . Qua l i tati ve concl us i ons are drawn 

a l so ,  and these ampl i fy and compl ement the quanti tati ve resu l ts .  

2 .  Defi ni ti ons of Acti v i ty Segments and Cri teri a for Sel ecti on 

Those acti v i ti es were se l ected for ana l ys i s for wh i ch suffi ci ent 

data (or opportuni ti es for record i ng data ) were ava i l abl e .  Another cri 

teri on was that they be performed at l east twi ce duri ng the l ast  three 

trai ni ng ses s i ons ( espec i a l ly the l ast  one ) . The fi na l cri teri on cal l ed 

for adequate l u nar  TV coverage . 

a .  Tasks . The l argest acti vi ty segment  i s  the task , a compl ete , 

i denti f iab l e  acti vi ty wi th a s i ngl e purpose .  An exampl e  o f  th i s  wou l d  be 

11Depl oy Lunar Rovi ng Vehi c l e  . .. A task  may be performed by one crewmember 

a l one , or it may be a jo i nt two-man effort . I n  the analys i s  of tas ks , 

only the overa l l  t ime for the task  performance i s  cons i dered . 

Tabl e 3 ,  11Tas k  Compari sons: Lunar EVA and 1 -g Tra i n i ng ,  .. 
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l i sts the task  together wi th performance ti mes duri ng tra i ning and duri ng 

EVA . 

Mos t  of the tas ks shown in thi s  tabl e cou l d  not be further 

di v i ded i nto s ub-tas ks because of data recordi ng l i mi tati ons . Four of 

the tas ks ( LMP , 4 ,  5 ,  7 ,  8) however ,  were d i vided i nto sub-tasks as  s hown 

i n  Append i x  B .  

b .  Sub- tasks . The first l evel of tas k breakdown is the s ub-tas k .  

A sub-task i s  i denti fi abl e as a comp l ete uni t of work wi thin itsel f ,  and 

only has re l evance as it fi ts i nto the patterned sequence of a tota l tas k .  

For examp l e ,  " PSE Depl oy"  i s  a task , wh i l e  "Unstow PSE Stoo l " i s  a s ub

tas k .  

Sub-tas ks are created by grou p i ng a seri es of i tems (el ements ) 

as l is ted in the " Deta i l ed EVA Procedures " secti on of the "Apol l o  1 5  Lunar 

Surface Procedures " document .  Speci fi cal ly , i f  i t  was not pos s i b l e in 

tra i n i ng or EVA to distingu i s h or record such e l ements , they were combi ned 

i nto sub-tasks for th i s  ana lysis . 

c .  E l ement . An e l ement i s  the sma l l es t  un i t of work wh i ch i s  

sti l l  i denti fi abl e and homogeneous . For examp l e ,  under the task  "PSE 

Dep l oy "  the s ub-tas k " Unstow PSE Stool " was l i sted . Thi s s ub-tas k was 

further separated into the e l ements : "Stow carry bar on sub-pal l et , "  and 

' ' Uns tow PSE stool from sub-pa l l et . " 

Ana lysis at the e l ement l evel was confi ned to sel ected segments 

of the "Comprehens i ve Sampl e  Col l ecti on" and "Doub l e Core Samp l e  Co l l ect ion "  

tas ks . The reason for th i s  i s  that i n  these two cases the el ements i n  ques 

ti on were repeated a number of ti mes wi th i n the task , provi d ing not only a 

bas i s  for stati s tical eva l uati on , but a more deta i l ed i ns i ght i nto the 



nature of these act i v i t i es . 

B .  Tas k Compari sons (Lunar EVA and 1 -g Tra i ni ng )  

1 .  Introducti on 

1 9  

Tasks , as defined above i n  Secti on I, were chosen because they 

were the only ones for wh i ch t ime analyses cou l d  be made over a compl ete 

tas k .  In some cases i t  was not pos s i b l e  to break the tasks i nto smal l er 

segments ( sub-tasks , e l ements - see Secti ons I I I C ,  I I I D  bel ow )  because of 

techni cal  l i mi tati ons . Four of the tasks ( LMP 4, 5 ,  7 ,  8 )  are broken down 

i nto sub-tasks and ana lyzed i n  more deta i l i n  Secti on I I I C .  The resu l ts 

of task  analys i s  are therefore much more general than more deta i l ed analy

s i s .  

Tab l e  3 l i s ts the acti v i t i es, performance time ( i n  mi nutes ) during 

tra i n ing sess i ons , performance t ime on the l unar s urface , and the source of 

i nformat i on s pec i fy ing the end poi nts of characteri st i c acti vi t i es . I t  

a l so presents the rat i o  of the EVA ti me and the l ast  1 -g tra in ing t ime 

(D/C col umn i n  tabl e ) . Tra i n i ng t imes were obtai ned through d i rect obser

vati on ; EVA t imes were determined from k i nescope (TV ) and voi ce ( V) trans 

cri pts . 

2 .  Resu l ts 

The outstand i ng characteri st i c of these data i s  the rel ati ve ly  

greater t ime i t  takes to  perform acti v i ti es on  the moon as  compared to  the 

l a st  tra in ing sess i on .  For both astronauts the t ime i ncrease ranges from 

20% to 97% ( i tems LMP 5 and 6 i n  Tab l e  3 ) . 

The overa l l i ncrease for both CDR and LMP on a l l total ta sks i s  

58% . Al though the CDR had an average i ncrease of 38% and LMP 63% , the 
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Tabl e 3 

TASK COMPAR I SONS : LUNAR EVA AND 1 -G TRA I N ING 

1 -G TRA IN ING SESS ION  EVA 1 EVA 
TASK 6/4/7 1  7 / l  /7 1  7/ 1 6/71  7/3 1 / 7 1  RATI O  DATA 

(A )  {B )  ( C )  ( D )  D/C SOURCE 

A. Conmander 

l .  Dep l oy Lunar Rov ing 
Veh i c l e  N . D .  5 . 75 3 . 64 5 . 88* 1 . 62  TV 

2 .  Depl oy H igh  Gai n  
Antenna & TV Camera 
on LRV N . D .  6 . 34 6 . 1 0  7 . 57 1 . 24 v 

B .  L unar Modu l e P i l ot 

l .  Al i gn H i gh Gai n  
Antenna 2 . 1 0  3 . 1 0  1 . 42 2 . 78 1 .  96 v 

2 .  Conti ngency Sampl e  
Col l ecti on {Stowage 
not i nc l uded ) 1 . 30 N . D .  1 . 30 2 . 08 1 . 46 v 

3 .  Dep l oy Lunar Rov i ng 
Vehi c l e 3 . 60 2 . 6 5  2 . 95 5 .  1 2* l .  74 Both 

4 .  ALSEP Interconnect 1 0 . 25 8 . 88 8 . 99 1 5 . 95 1 . 77 Both 

5 .  Dep l oy Pas s i ve Sei smi c 
Experi ment 8 . 05 7 . 02 6 . 91 8 . 27 1 . 20 Both 

6 .  Depl oy So l ar Wi nd 
Experi ment 3 . 1 0  2 . 70 1 . 85  3 . 65 1 .  97 v 

7 .  Dep l oy Lunar Surface 
Magnetometer 7 . 1 0  5 . 85 5 . 67 8 . 62 1 . 52 Both 

8 .  Dep l oy Sunsh i el d  & 
ALSEP Antenna 
Insta l l at i on 1 0 . 67 1 2 . 90 1 2 . 50 20 . 07 1 . 6 1  Both 

9 .  Dep l oy S I DE N . D . 5 . 35 4 . 62 8 . 41 1 . 82 Both 

TOTAL FOR CDR & LMP 55 . 95 88.40 1 . 58 

N . D .  - No Data 
*T ime s pent troub l es hooti ng LRV depl oyment prob l em ( 5 . 4  m in . ) not i nc l uded . 
TV - Tel evi s i on 
V - Voi ce 
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fact that only two samp l es were avail ab l e for the CDR  and  that the tasks  

were not compl etely comparabl e makes i t  i nappropri ate to  emphas ize these 

d i fferences . The h i gh average rat i o  of 1 . 63  for LMP is a l so attri buted , 

parti a l l y ,  to the fact that h i s  ta sks  conta i ned a re l ati ve ly  h i gh port i on 

of 1 1fi ne motor control 11 acti vi ti es .  ( See Secti on I I I E  bel ow . ) 

3 .  Di scuss i on 

There are many factors that contri bute to the fact that acti v i t i es 

usua l l y  take l onger to accomp l i s h on the moon than they do on earth . One 

s uch factor i s  that the crewmen a re more carefu l on the moon than duri ng 

the tra i n i ng ses s i on . On the l unar s urface , there i s  no one there to 

ass i st them i f  they have probl ems . I n  addi t i on , the experi ments that they 

dep l oy and the equ i pment that they operate are much  more fragi l e  than the 

1 -g experiment mockups and equ i pment used i n  trai n i ng .  

The unusual  envi ronment of the l unar s urface a l so causes prob l ems . 

The crewmen have to adapt to the i r  wei ght  of about 67  l bs .  on the moon 

(wi th thei r EMUs ) compared to about 330 l bs . * duri ng the tra i n i ng ses s i ons . 

The h i gh i ntens i ty and some t imes l ow ang l e  of the s un has to be dea l t 

wi th . Other factors s uch as absence of dust i n  the atmosphere and absence 

of fami l i ar objects of known s i ze contri bute to probl ems of d i stance deter

mi nati on .  The l unar soi l and terra i n  are a l so re l ati vely uni que and d i ffi -

cu l t to s i mu l ate . 

The use of tasks  as a bas i s  for ana l ys i s  presents certai n l i mi ta

ti ons on conclus i ons that can be drawn . A tota l tas k genera l ly conta i ns 

*Tra i ni ng su i t and hardware wi th 1 80 l b . man ( 1 -g ) wei ghs  330 l bs .  The 
same man wi th l unar su i t wei ghs  404 l bs .  i n  1 -g ,  or 67 l bs .  on the l unar 
surface . 
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sma l l er segments of more homogeneous nature ( sub-tas ks and el ements ) whi ch 

can be more readi ly  c l as s i fi ed and analyzed as to effects of vari ab l es .  

The total tas ks a l so frequently conta i n  segments wh i ch are beyond the con

tro l  of the crewmember , or are extraneous to the ma i n  tas k .  I n  some cases 

these can be deducted from the tas k  t ime ( see Tab l e 3 ) , but frequent ly  th i s  

i s  not feas i b l e ,  resu l ti ng i n  arti fi ci a l ly  h i gher t imes . The tota l tas k  

analys i s  i s  useful from a n  overa l l standpo i nt , but to sati sfactori ly  deter

mi ne effect of vari abl es on work performance , i t  i s  necessary to be abl e 

to ana lyze s ub-tas ks and/or e l ements . 

The h i gh work l oad of the EVAs compared to the tra i n i ng ses s i ons 

must a l so be cons i dered . There is  a cons i derab l e  amount of work performed 

by the astronauts before each EVA i n  donn i ng and checki ng out the EMUs 

wi th i n  the l i mi ti ng confi nes of the LM , whereas i n  tra i n i ng the crewmen 

are su i ted up i n  an area wh i ch i s  not cramped and are ass i sted by su i t 

techni ci ans . 

I t  i s  not poss i bl e  to determi ne the rel ati ve contri buti on of these 

factors duri ng the performance of a part i cu l ar acti vi ty .  However ,  i t  woul d  

be accurate to say that a l l the act i v i ti es that have been ana lyzed have 

been affected by most of these factors . 



C .  Sub-task Compari sons ( Lunar EVA and 1 -g Tra i ni ng )  

1 .  I ntroducti on 
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The tasks di s cussed under Secti on I I I B above and l i sted i n  Tab l e  3 

are made up of sma l l er segments or  s ub-tas ks . 

and data are tabul ated i n  Appendi x B .  

These s ub-task acti vi ti es 

One objecti ve of sub-task ana lys i s  i s  to determi ne more prec i se ly  

wh i ch types of  acti v i ty are affected pos i ti vely by l unar condi ti ons , wh i ch 

apparently are not affected , and whi ch s how performance deteri orati on i n  

the l unar env ironment .  

Another reason for part i ti on i ng the tasks i nto sub-tasks i s  to 

prov i de a better understandi ng of the effects of the l u nar envi ronment on 

human task performance . For exampl e ,  segments of some acti vi ti es are not 

performed i n  the same way i n  trai n i ng as on the l unar s urface : ( 1 ) TV 

depl oyment i s  done at a greater di stance on the moon , ( 2 )  adj ustments on 

mockups are often s i mu l ated , ( 3 )  apparatus may get stuck , as for exampl e ,  

Boyd bol ts on the l unar surface , dri l l  i n  bore stems , and ( 4 }  soi l char

acteri sti cs may d i ffer and affect some types of acti v i t i es . Most  of these 

di fferences are due to s i tuati onal or i ns trumental factors and not to the 

work efforts of the c rewmen . I f  one were to e l i mi nate the effect of these 

d i fferences from the analys i s ,  the resu l t cou l d more c l early be attri buted 

to other effects as , l unar gravi ty ,  v i sua l  percepti on ,  etc . 

2. Tab l e  of Sub-tasks (Appendi x B )  

I t  was not poss i b l e  to parti t i on a l l the acti v i t ie s  i nto re l ati vely 

smal l segments . The data source (ki nescopes and voi ce transcri pts ) di d 

not a l ways provi de enough i nformation  to determi ne end poi nts of a l l acti

v i t i es .  Consequentl y ,  i n  some s i tuati ons where i t  was known that several 
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sub-tasks had taken p l ace , but the t ime coul d not be broken out for each , 

the s ub-tasks or  e l ements were ana l yzed i n  groups . 

/ 3 .  Resu l ts 

--- a .  The rat i o  of the t ime requ i red for sub-tasks on the l unar sur-

face to  the l as t  su i ted trai n i ng ses s i on a t  Cape Kennedy ( D/C rat io  - see 

Append i x  B )  i s  i n  the range of 1 . 20 to 1 . 90 for most  acti v i t i es . There 

a re some i nstances where the rat i o  i s  much greater than thi s ,  a nd there 

i s  one where the rat i o  i s  . 74 .  I n  most  cases where the rati o was greater 

than 2 . 00 ,  the accompl i shment of the s ub-task was not nomi na l , wi th crew

men encounteri ng some techn i ca l  d i ff icu l ty i n  performi ng the task . 

b .  I t  was noted ear l i er tha t a number of s i tuati ona l a nd i nstru-

menta l d i fferences between 1-g su i ted tra i n i ng and l unar EVA task perfor

mance tended to i ncrease the t ime for the EVA tasks . For exampl e ,  TV 

depl oyment i s  done at a greater d i stance on the moon . When acti vi ti es 

affected by the more obvi ous of these factors were e l i m i nated from ca l c u

l ati on , the D/C rati o i s  of the order of 1 . 39 for the CDR and  1 . 43 for the 

LMP , resul ti ng i n  a combi ned rat i o  of 1 . 4 1 , a substanti a l  decrease from 

combi ned rat i o  of 1 . 58 for the CDR and the LMP as s hown i n  Sect i on I I I B ,  

Task Compari sons ( Lunar EVA and 1-g Tra i n i ng ) . 

4 .  Comments 

The i mp l i cati on of th i s  ana�ys i s  i s  that , i f  a l l  the s i t uati ona l , 

o perati ona l ,  and  techn i ca l  d i fferences between worki ng cond i ti ons  on the 

l unar surface and tra i ni ng s i te can be mi n i mi zed , the t ime i ncrease for 

l unar acti vi ty cou l d  be compl etely  attri buted to l unar cond i t i ons . At 

the same t ime e l ementa l act i v i ties wi th shorter l unar  than 1 -g trai n i ng 

t imes would become more apparent and more eas i ly i so l ated for analys i s .  



Fi l ms of trai n i ng ses s i ons , espec i a l l y  those c l ose to fl i gh t ,  and fi l ms 

of l unar acti vi ty wou l d  hel p i mmeasurab ly i n  atta i n i ng s uch  goal s .  

D .  E l ement Compari sons (Lunar EVA and 1 -g Trai n i ng ) 

1 .  I ntroduct i on 
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a. The Comprehens i ve Sampl e Col l ecti on and Doubl e Core Tube Sam

pl e Col l ecti on acti vi t ies have been chosen for detai l ed e l ement compari son 

of 1 -g tra i n i ng and l unar surface performance .  

b .  The data for the trai n i ng sess i ons were obta i ned from di rect 

observati on . The l unar EVA data were obta i ned from TV k i nescopes . 

c. The data for Comprehens i ve Samp l e Col l ecti on are presented i n  

Tab l e  4 . Doub l e  Core Tube Sampl e data are presented i n  Tabl e 5 .  The 

tabl es show the data from tra i n i ng at two d i fferent stati ons, and data 

from three EVAs . 

d .  Both tas ks are performed primari ly  by the LMP wi th ass i stance 

from the CDR . 

2. Comprehensive Sampl e Col l ection 

a .  Descri pti on 

Two s uccess i ve e l ements of the Comprehens i ve Samp l e  Col l ecti on 

have been sel ected for analys i s .  The Rake and Shake e l ement cons i sts of 

the LMP us ing the rake to scrape a swath approxi mate ly  one meter l ong by 

ten i nches wi de by two to three i nches deep . He then shakes the rake i n  

order to have the fi ne parti c l es drop out wh i l e  reta i n i ng the l arger ones . 

The second e l ement , F i l l  Bag , cons i sts of the LMP l i ft ing the rake wi th 

the l arger rock fragments i ns i de, pos i t i on ing i t  over the sampl e bag he l d  

by the CDR and then rotating the rake so that the rocks pour out of the 

rake i nto the bag . Thi s  procedure requi res coordi nati on between the two men . 



TRIALS 
1 .  Rake and Shake* 

F i  1 1  Bag* 

( Total ) 

2. Rake and Shake 

Fi 1 1  Bag 

( Tota l ) 

3. Rake and Shake 

Fi 1 1  Bag 

( Total ) 

4. Rake and Shake 
Fi 1 1  Bag 

(Tota 1 )  

TABLE 4 

COMPREHENS I VE SAMPLE COLLECTI ON 

T i me Ana lys i s 

LUNAR MODULE P ILOT (LMP ) 
TRAINING ( 7- 1 9-71} 

1 2 1 l 
. 65# . 60 . 42 

. 20 .20 . 25 

(. 85 ) ( . 80 )  ( .  67 ) 

. 70 . 75 . 45 
. 20 . 26 . 25 

( . 90) ( 1 . 01 ) ( .  70 )  

. 85 

. 34 

( 1 . 1 9 ) 
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EVA 
7 I 3 

. 38 . 42 

. 40 . 28 

( .  78)  (.  70 )  

. 38 . 33 

. 30 . 1 7  

( .  68 ) ( . SO )  

. 52 . 62 

. 22 . 20 

(. 74 ) (.  82 ) 

. 33 

. 22 

(. 5 5 )  

Average : Rake & Shake . 675  . 733  . 435 . 427 . 425 

Fi 1 1  Bag . 200 

(Tota l ) (. 875 }  

Range : Rake & Shake . 05 

Fi 1 1  Bag . 00 

(Tota 1 ) ( .  05 ) 

( # )  Al l ti mes are i n  mi nutes. 

(* ) El ement Descri pti on : 

. 267  
( 1 .  000 ) 

. 25 

. 1 4  

( . 39 )  

. 250 . 307 . 21 8 
( . 685 ) (. 730 )  (. 643 ) 

. 03 . 14 . 29 

. 00 . 1 8  . 1 1  

( . 03 ) ( .  1 0 )  (. 32 ) 

( 1 ) Rake and Shake : us i ng the rake , LMP scrapes swath approximate ly 
1 meter 1 ong  by 1 0 11 wi de by 2-3 11 deep of 1 una  r soi l , then shakes 
out the fi ne parti c les. 

( 2 )  Fi l l  Bag : after shak i ng , LMP l i fts rake wi th rock fragments i ns i de , 
pos i ti ons i t  over samp le  bag he l d  and pos i ti oned by CDR , and then 
rotates rake so that rocks pour out of the rake i nto the bag. Thi s 
requi res c l ose  coordi nati on by both men. 
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The  enti re sequence i s  repeated from two to  four t imes duri ng 

each performance of the Comprehens i ve Samp l e  Col l ecti on . 

b .  Resu l ts 

( 1 ) Ra ke and Shake 

( a )  The average for the fi ve tra i ni ng data poi nts i s  . 7 1 

mi n ;  that for the n i ne EVA tri a l s  i s  . 43 mi n .  

( b )  The di fference between these means i s  stati sti ca l ly  

s i gni fi cant , wi th the e l ement 11 Ra ke and  Shake., per

formed appreci ably faster on the l u nar surface than 

on the tra i ni ng grounds at  Cape Kennedy . 

( c )  There i s  no apprec i a b l e  di fference i n  the ranges . 

( 2 )  Fi 1 1  Bag 

( a )  The average for the fi ve tra i ni ng da ta poi nts i s  . 24 

mi n ;  that for n i ne EVA tri a l s i s  . 25 mi n .  

( b )  There i s  no s i gn i fi cant d i fference between these 

means . 

( c )  There i s  no apprec i ahl e di fference i n  the ranges . 

3. Doub l e  Core Tube Sampl e 

a .  Descri pti on 

The doub l e  core tube s amp l e  tas k cons i sts of: ( 1 . 0 )* 

The LMP obta i ni ng the core tubes from the CDR's samp l e  conta i ner bag and 

assembl i ng them . ( 2 . 1 )  He then pos i ti ons the tube over the chosen samp l e  

l ocati on , ( 2 . 2 )  and pushes i t  i nto the ground as  far a s  possi b l e .  ( 2 . 3 )  

The LMP next hammers the tube i nto the ground . ( 3 . 1 )  The LMP carefu l ly 

removes the doubl e core tube . ( 3.2 ) The tubes are capped , tamped , sepa

rated and stowed i n  the CDR ' s  sampl e bag conta i ne r .  The CDR a s s i sts by 

handi ng the LMP the hammer , caps , etc . and takes pi ctures of the acti v i ty .  

*The numbers correspon� to the el ement numbers i n  Tabl e 5 .  
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Tab l e  5 

DOUBLE CORE SAMPLE COLLECTION  - LMP 

Tra i n i ng 7- 1 9-71  EVA 

El ements 1 2 1 3 
1 . 0 As sembl e 0 85 ( 1 )  1 . 40 1 . 08 1 . 43 

2 . 0  Impl ant 

2 01  Pos i ti on ( 2 )  ( 2 )  . 40 . 32 

2 . 2  Push ( 2 )  ( 2 )  . 20 0 1 5  

2 . 3  Hammer ( 2 )  ( 2 )  . 50 . 83 

(Tota l ) ( 1 . 1 5 ) ( 0 95 ) ( 1 . 1 0 )  ( 1 .  30) 

3 . 0  Stow 

3 . 1  Remove ( 2 )  . 26 . 43 . 55 

3 . 2  Di sas semb l e & 
Stow ( 2 )  ( 3 )  4 . 60 3 . 38 

(Tota 1 )  ( 2 . 70 )  ( 5 . 03 ) ( 3 . 93 )  

TASK TOTAL 4 . 70 7 . 2 1 6 . 66 

( 1 ) A 1 1  t imes i n  dec ima l  mi nutes . 
( 2 )  I nd i v i dua l  e l ement t imes not determi ned ; therefore , 

on ly  tota l t imes for tra i n i ng exerci ses were used . 
( 3 )  I n  thi s tri a l  the core tubes cou l d  not be separated . 

Therefore , the trai n i ng exerci se was termi nated . 

b .  Resu l ts 

As shown i n  Tabl e  5 , e l ement breakdown was l imi ted to EVA . 

Such a breakdown cou l d  not be used duri ng tra i n i ng because of techn i -

cal prob l ems i n  data record i n g .  Thus on ly tota l sub-task time can be used 

for comparati ve purposes . The resu l ts represent three d i fferent types of 

acti v i ti es , v i z . , ( 1 . 0) As sembl e ,  a manua l l y  control l ed mechan i cal  opera-

ti on requi ri ng moderate care and prec i s i on ,  wi th the times not s i gn i fi 

cantly di fferent between trai n i ng a nd  EVA ; ( 2 .0) Impl ant , a n  operati on 
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depend i ng to a l arge extent on the rel ati ve characteri sti cs of the soi l s; 

and ( 3 . 0 ) Stow , a manua l ly  control l ed mechan i cal  operati on requ iri ng extreme 

care and preci s i on ,  i n  wh i ch the l unar t ime was s i gn i f i cantly greater than 

i n  tra i n i ng .  The fi rs t and thi rd i tems apparently are affected by the 

nature of the acti vi ti es themsel ves , i n  thi s case the degree of care and 

prec i s i on requ ired , wi th the i ncreased care and prec i s i on resul ti ng i n  

greater times for l unar acti v i ti es .  (See Secti on I I I E on F i ne and Gros s 

Motor Control . ) The Impl ant sub-task , however , i nvol ved the dri v i ng of 

the core tube i nto the soi l , th i s  l atter be i ng a vari abl e factor on wh i ch 

no data are ava i l abl e as to res i stance to penetrati on . However , i f  t imes 

for the i nd i v i dual  e l ements cou l d  have been obta i ned through fi l m  (movi e ,  

ki nescope ) duri ng tra i ni ng ,  more defi n i t i ve analys i s  and concl u s i ons cou l d  

have been drawn . For exampl e ,  the Pos i ti on e l ement i s  a manua l l y  control l ed 

operati on requ iri ng pri mari l y  gross motor control , wi th no effect of soi l 

bei ng present .  The Hammer el ement , however , i s  d irectly affected by the 

soi l characteri s ti cs . 

4. Di scu s s i on 

The res u l ts from the Comprehens i ve Samp l e  Col l ecti on (Tabl e 4 }  and 

the Doub l e  Core Tube Samp l e  Col l ecti on (Task 5) are s ummari zed on the bas i s  

of ti me consi derat i ons , name ly , whether performance t ime i s  l onger or shorter 

duri ng l unar EVA than duri ng tra i ni ng .  I n  addi t i on , the factors whi ch 

apparently affect the rel at i ve times for i nd i v i dual  e l ement (or sub-tasks ) 

are poi nted up i n  the analys i s  of the data , and types of acti v i ti es are 

categori zed . The l ack of data breakdown i nto e l ements duri ng tra i n i ng for 

the Doubl e Core Samp l e  Col l ecti on study prevented a more compl ete ana lys i s  

of th i s  task . 
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a .  The e l ements 1 1 Remove 11 and 110i sassembl e and Stow 11 took 

con s i derabl y  l onger to perform duri ng EVA because of the extreme care and 

prec i s i on requ i red i n  handl i ng the l unar core sampl es to i nsure that the 

strata insi de the cores wou l d  not be d i s turbed . Al so the fl ight core tube 

caps were more d i ffi cu l t  to assemb l e  on the cores than were the caps used 

i n  tra i ning . 

b .  The 1 1 Rake and Shake 11 e l ement took l ess t ime .  Thi s  el ement 

requ i red on ly gross motor control , but other factors , as  yet uni denti fi ed , 

probab ly  contri buted to the rather l arge ( 4 1 % )  t ime reducti on .  Thi s  was 

one of only two acti v i ti es whi ch were observed and ana l yzed as requi ri ng 

l ess t ime on the l unar surface . The rel ati vely l arge number of data poi nts 

(tra i n i ng - 5 ;  EVA - 9 )  whi ch were qu i te cons i stent as i ndi cated by the 

ranges , poi nt to rel i ab l e  data val ues . Causa l factors need to be i denti 

fi ed , and i f  possi b l e  quanti fi ed , to expl a i n  thi s  phenomenon . 

c .  Some el ements took approx i mate ly  the same time on the 

l unar s urface as they d i d  duri ng 1 -g tra i n i ng .  The el ements 1 1 Fi l l  Bag , 1 1 

1 1 Assembl e , 1 1 and 1 1Impl ant1 1  represent thi s type . 

d .  Certa i n  groupi ngs o r  categori zati ons can be made i n  connec

t ion wi th the el ements anal yzed here i n : 

( 1 ) An acti vi ty ( e l ement , sub-task) whi ch i s  a manua l ly 

control l ed mechani cal  operation  requ i ri ng moderate care and preci s i on , and 

not materi a l l y  affected by unusual  or l i mi ti ng cond i t i ons imposed by equ i p

ment , soi l , or other external  factors . 11Assembl e , 11 and 1 1 Pos i t ion , 1 1 are 

examp l es of thi s  category . 

( 2 )  An acti v i ty ,  s i mi l ar to ( 1 ) above but requi ri ng a hi gh 

degree of care and prec i s i on .  11 Remove 1 1 and 11Di sassembl e and Stow 11 are 
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exampl es of thi s category .  

(3) An acti v i ty wh i ch i s  pri mari ly affected by external  

cond i ti ons such as machi ne control of operation , soi l cond i ti ons whi ch 

vary from tri a l  to tri a l , phys i ca l  vari abl es such as degree of adhes i on 

between two surfaces , a l l beyond the control of the crewmember .  An exam

pl e of th i s  i s  1 1 HaiTT11er , 1 1 the t ime for whi ch i s  a functi on of soi l charac

teri sti cs . 

e .  Photography of tra i n i ng ses s i ons wou l d  greatly i mprove the 

usefu l ness and accuracy of the data for the bas i c  compari sons i n  th i s  

study .  Lunar photography ( ei ther TV o r  DAC ) cou l d provi de more usefu l 

data by concentrati ng on crewmembers performi ng tasks , by hol di ng the TV 

camera as sti l l  a s  poss i b l e  (mi n imum of pans and zooms ) duri ng task per

formance . I n  addi ti on , voi ce documentati on cou l d re more expl i c i t  as to 

co�ents perta i n i ng to task performance . 



E .  F i ne and Gross Motor Contro l  and Dexteri ty ( Lunar EVA and 1 - g 
Tra i n i ng )  

1 .  I ntroducti on and Purpose 

Al though l unar task performance usua l ly  takes a l onger per i od of 

t ime than that requi red duri ng the l ast 1-g tra i n i ng ses s i on, the rat i o  

o f  s ub-task EVA t i me t o  tra i n i ng t ime vary over a wi de range, vi z . , 4 . 06 
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to  0 . 74 .  ( See Appendi x  B . ) These are i dentifi ed as  D/C rati os . I n  order 

to account for d i fferences i n  D/C rat i os , the hypothesi s was establ i s hed 

that gross motor acti v i ty wou l d  be l ess  affected by l unar condi ti ons than 

wou l d fi ne motor acti v i ty .  To test th i s  hypothesi s ,  motor dexteri ty was 

c l ass i fi ed i nto fi ne and gross , wi th the expectat i on that the rat i o  of 

l unar-performance-ti me to l ast-tra i n i ng-ses s i on-t ime (D/C ) woul d  be greater 

for tasks (or  sub-tasks or e l ements ) requ i ri ng fi ne motor dexteri ty than 

for those requ i r i ng gross  motor dexteri ty .  

2 .  Defi n i t i ons and C l as s i fi cat ion of Acti v i t i es 

Preci s i on requi red for the executi on of motor acti v i ti es can be 

c l a s s i fi ed as  fi ne  or gross . F i ne  motor contro l acti vi ti es wi l l  be defi ned 

as those requ i ri ng moti ons wi th an accuracy of approxi mately� l /411• Gros s 

motor control acti v i t i es are those requ i ri ng l ess prec i s i on than th i s  cri-

teri on . 

A number of sub-tasks , sel ected from Appendi x B ,  were i denti fi ed 

as requ i r i ng predomi nantly fi ne or gros s motor acti v i ty .  These are s hown 

i n  Tabl es 6 and 7 ,  wi th the same l i st numbers as a s s i gned i n  Appendi x  B .  

Sub-tasks i n  whi ch anomal i es occurred were not i ncluded i n  the 

analys i s .  S imi l arly ,  s ub-tasks i n  whi ch motor acti v i ty was about equal ly  

di vi ded between fi ne and gross were not cons i dered . 



TABLE 6 

TRAIN I NG AND EVA T IMES FOR SUB-TASKS 
REQU I R I NG GROSS MOTOR CONTROL 

COMMANDER Tra i n i ng 7/ 1 6  
( C )  

LRV Offl oad 

2 .  Conti nue offl oad o f  LRV unti l 
front whee l s  on s urface 1 . 67* 

HFE Depl oy 

3 .  Dep l oy el ectroni cs box & pre-
pare rack and dri l l  5 . 83 

TOTAL 7 . 50 

LMP 

LRV Configurati on 

Photo CDR/LRV & confi gure 4 . 59 

PSE Depl oy 

1 .  Remove carry bar from C/S . 33 
2 .  Al i gn C/S . 5 1 
3 .  Unstow PSE stool . 92 
4 .  Depl oy PSE stool . 73 

TOTAL 7 . 08 

GRAND TOTAL 1 4 . 58 

*Ti me i s  expressed i n  deci ma l  mi nutes . 
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EVA 7/31 Rati o 
( D )  ( D/C )  

1 .  75 1 . 04 

7 . 70 1 . 33  

9 . 54 ( 1 . 27 )  

4 . 96 1 . 08 

. 83 2 . 5 1 

. 38 . 74 
1 . 06 1 . 1 5  

. 82 1 . 1 2  

8 . 05 ( 1 . 1 3 ) 

1 7 . 59 ( 1 . 20)  
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TABLE 7 

TRA IN ING AND EVA T IMES FOR SUB-TASKS 
REQU I R ING F I N E  MOTOR CONTROL 

COMMANDER Tra i ni n
J 

7/ 1 6  EVA 7/31  Rati o 
( C  ( D )  ( D/C) 

LRV Configurat ion & Traverse Pre� 

2 .  Mount TCU on LRV & connect 
power cab l e  . 85 1 . 47 1 . 72 

4 .  Uns tow HGA . 44 . 80 1 . 81 
5 .  Mount HGA on L RV . 55 . 87 1 . 58 

H FE De� l oy_ 

2 .  Rel ease & remove el ectron i cs box 
from pa 1 1  et 1 . 62 2 . 45 1 . 5 1  

Dee� Core Sam�l i ng 

5 .  As sembl e 5th & 6th core stem sec-
ti ons onto core stem . 69 1 . 98 2 . 86 

6 .  Retri eve dri l l  & attach to core 
stems . 48 . 63 1 .  3 1  

TOTAL 4 . 63 8 . 20 ( 1 . 77 )  

LMP 

ALSEP I nterconnect 

2 .  Depl oy subpa l l et 1 . 00 4 . 06 4 . 06 

PSE De�l oy_ 

7 .  PSE l evel and a l i gn . 66 . 93 1 . 40 

LSM De�l oy_ 

2 .  Carry ,  dep l oy & a l i gn LSM 4 . 1 7  6 . 02 1 . 44 

Sunshi e l d De�l oy_ & ALSEP Antenna 
I nstal l ati on 

2 .  Comp l ete suns h i el d  depl oyment 5 . 03 6 . 02 1 . 1 9  
3 .  Compl ete antenna a l i gnment 1 . 42 2 . 78 1 .  95  

TOTAL 1 2 . 28 1 9 . 81 ( 1  . 6 1 ) 

GRAND TOTAL 1 6 . 91 28 . 0 1 ( 1 . 65 )  
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3� Resu l ts and Conc l us i on 

The bas i c  data and the rat ios of l unar-performance-time to l ast

tra i n i ng-time (0/C ) are g i ven i n  two tab l es ,  Tabl e  6 and Tabl e 7 .  

Tabl e 6 presents gross motor acti v i ti es executed by the Commander and 

LMP . I n  general the rati os are rather l ow ,  averagi ng 1 . 27 for the Comman

der , 1 . 1 3  for the LMP . I n  contrast ,  the data i n  Tabl e 7 ( Fi ne Motor 

Control ) produces correspondi ng rat i os of 1 . 77  and 1 . 6 5 .  The averages 

for the Commander and LMP are not s i gn i fi cantly di fferent ei ther for the 

fi ne or the gross motor sub-tasks ; in fact they were unusua l ly  cl ose  and 

homogeneous . I n  vi ew of thi s ,  the data ( i . e . , the 0/C rati os ) for both 

crewmen were comb i ned and a sum of ranks procedure appl i ed to tes t for the 

s i gn i fi cance of the di fference between fi ne and gross motor dexteri ty 

( i . e . ,  between the Grand Total rati os of 1 . 65 and 1 . 20 ) . 

The resu l ts of thi s  tes t i nd i cate that the 0/C rati os for the fi ne 

dexteri ty tasks are s i gni fi cantly greater than those for the gross dex

teri ty tasks . Th i s  resu l t  supports the hypothes i s  that fi ne motor tasks 

are more s i gni fi cantly affected by l unar cond i ti ons than gross motor tasks . 



I V .  METABOL IC  ANALYSES 

A.  Metabol i c  Ana l ys i s  of Traverse Segments 

1 .  Purpose 
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The purpose of this analysis was to determi ne if short segments of 

phys i ca l  activity which require d i fferent energy expenditures wou l d be 

rel i ab ly  detected by corresponding changes in metabol ic rates . For our 

purposes the vari ation in the incl ination of the l unar terrain provided 

work s i tuati ons with d i fferent energy requirements . Specifi cal l y ,  we 

wi shed to determi ne if metabol ic rates were affected by the incl i nati on 

of the terrain that the crewmen were traversing , with particul ar attention 

to those traverse segments in view of the TV camera and easily i dentifi ed 

as uphi l l ,  l evel , or downhil l .  Further , to insure that the traverse acti 

vi t i es have a measurabl e  impact on the one minute metabol ic rate averages , 

traverse secti ons of about 20 seconds or more were sel ected . 

Metabol i c  rate ( BTU/HR)  was determined through a regression equa

tion with heartrate as  the independent vari abl e .  There are acknowl edged 

di ffi cul ties i n  such procedures but , for present purposes , consistent and 

positive ly rel ated metabol ic changes to differing "work l oads " wou l d be 

adequate . These "work l oads , "  as mentioned earlier  were three types of 

traverse : uphil l ,  l evel , and downhil l .  It was antic i pated , natura l ly  

enough , that the metabo l ic readings wou l d be  greatest for the uphil l tra 

verse and sma l l es t  for the downhi l l  ones . 

2 .  Traverse Data 

A total of 1 9  traverse segments were sel ected , a l most even ly  divi 

ded between the CDR ( 9 )  and the LMP ( 1 0 ) . Five of these were downhil l ,  six 

l evel and e i ght uphil l -- evenly  divided except for the downhil l segments , 
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two of whi ch were executed by the CDR and three by the LMP . 

The med i an t ime l ength for the CDR ' s  segments was 30 seconds , that 

for the LMP ' s  segments 50 seconds . 

On the bas i s  of an estimate provi ded by Dr . Dav i d  Carri er of the 

NASA MSC Geophys i cs Branch , we can assume that the s l opes of a l l segments 

analyzed i n  thi s  report are no greater than about 1 2° .  

The crewman ' s  acti vi ti es fi ve mi nutes before and after each traverse 

segment were exami ned for any anoma l ous i nfl uences and for a better under-

stand i ng of the traverse data . 

3 .  Res u l ts 

The metabol i c  data are s ummari zed i n  Tab l e  8 wh i ch presents the 

averages for each crewmember for each type of s l ope . The resu l ts show a 

Tab l e 8 

AVERAGE METABOL IC  RATE ( BTU/HR)  ASSOCIATED W ITH 
MOB I L ITY ALONG TRAVERSES WITH VARY I NG SLOPES 

Crewmen 

CDR 

LMP 

Wei ghted Averages 

Character of Traverse 
Downhi l l  Level Uphi l l  

7 1 7 

743 

733 

1 1 83 

869 

1 026 

1 337 

1 1 64 

1 251  

cons i stent ri se i n  metabol i c  rate wi th i nc rease in s l ope of terrai n ,  the 

l owest  rate associ ated wi th downhi l l  traverses and the h i ghest rate wi th 

uphi l l  traverses . The i ncremental changes are not the same for the CDR 

and LMP , but the averages of the di fferent types of traverses show a 

defi ni te l i near tren d .  The stati sti cal  eva l uat ion i nd i cates s i gn i f i cant 

vari ati on in metabo l i c  rate among the di fferent types of traverses . 
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4 . Conc l us i on 

Desp i te the d i ffi cu l ti es i nvol ved i n  metabo l i c  esti mates , i n  

eva l uati ng the character of the terra i n ,  and i n  obta i n i ng representati ve 

mob i l i ty segments , the cons i stency of the resu l ts tends to confirm the 

usefu l ness of the bas i c  approach for esti mati ng the metabo l i c  rates for 

crewman acti v i ti es even though they be rel at i ve ly  short i n  durati on . 

B .  Metabol i c  Ana lys i s  of Two Lunar Act i v i t i es 

1 .  I ntroducti on 

The purpose of thi s  analys i s  was to exami ne the metabol i c  cost of 

an acti vi ty that was performed i n  severa l EVAs to determi ne i f  adaptation 

to the l unar envi ronment affected the crewman ' s  metabo l i c  cost for that 

acti v i ty .  

2 .  Data 

The acti v i t i es sel ected , "Doub l e  Core Tube Sampl i ng "  and "Compre

hens i ve Samp l e  Col l ecti on"  were analyzed i n  deta i l on the e l ement l eve l 

i n  Sect i on I I I D .  I n  the present ana l ys i s  the "Rake and Shake " and " Fi 1 1  

Bag " e l ements of the Comprehens i ve Samp l e Col l ect i on were comb i ned to 

form the " Rake , Shake and Fi l l  Bag" s ub-tas k .  Al so , the Doub l e  Core Tube 

Samp l e  Col l ecti on was ana lyzed on a s ub-task l evel . Th i s  conso l i dat i on 

of e l ements i nto sub-tasks  was to i nsure that the acti v i ty was l ong enough 

to have a measurabl e i mpact on the one mi nute metabol i c  rate averages . 

3. Res u l ts 

The data for the two performances of the Doubl e Core Tube Samp l e 

Col l ecti on and for the n i ne performances of the Comprehens i ve Sampl e Col 

l ecti on are presented i n  Tabl e 9 .  I t  may be observed that the metabol i c  

cost on performi ng the Doub l e  Core Tube Sampl e Col l ecti on decreases from 
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TABLE 9 

METABOL I C  CHANGES ASSOCIATED W ITH 
ADAPTAT ION TO LUNAR EVA TASKS ( LMP ) 

EVA 1 EVA 2 EVA 3 

DOUBLE CORE 

1 .  Assemb l e  1 8 . 4* 1 5 . 0  
2 .  Impl ant 1 8 . 7  23 . 2  
3 .  Stow 65 . 0  54 . 2  

TOTAL 1 02 . 1  92 . 4  

RAKE 2 SHAKE & F I LL BAG 

Tri al  1 1 0 . 7  1 0 .  1 1 0 . 3  

Tri al  2 1 1 . 4 9 . 7  7 . 5  

Tri al 3 9 . 2  1 0 . 4 

Tri a l  4 7 . 3  

AVERAGE 1 1 . 1 9 . 7  8 . 9  

*Al l val ues i n  tab l e  are i n  BTUs . They are cal cu l ated by mul ti p ly ing  the 
metabol i c  rate by the t ime ( to perform act i v i ty ) . 
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the va l ue 1 02 . 1  BTU duri ng EVA I to 92 . 4  BTU i n  EVA I I I , a decrement of 

9 . 5% .  

Simi l ar resu l ts a re noted for the performance of the Comprehens i ve 

Sampl e Col l ecti on . A general decrease i n  metabol i c  cost may be observed 

wi th a val ue of 1 1 . 1 BTU for EVA I ,  9 . 7 BTU for EVA I I , and 8 . 9 BTU for 

EVA I I I .  Success i ve decrements amount to 1 2 . 6% from EVA I to EVA I I  and 

7 . 9% from EVA I I  to EVA I I I .  

4 .  Concl us i on 

There i s  a genera l tendency for metabol i c  cost to decrease as per

formance of a speci fi c task i s  repeated over successi ve EVAs . Thi s  can be 

taken as evi dence of adaptati on to the genera l worki ng condi ti ons on the 

l u na r surface . For the two di fferent tasks sel ected for study the decre

ment from the fi rst to the second EVA performance i s  of the order of 1 0% .  



V .  FALL AND NEAR-FALL ANALYS I S  

A .  I ntroducti on 

l .  Objecti ve 

4 1  

Duri ng the Apol l o  1 5  l unar EVAs there were i nstances where the 

astronauts momentari ly  l ost  thei r ba l ance and sometimes even fe l l .  The 

purpose of thi s  analys i s  i s  to determine  the characteri sti cs of s uch  

fal l s  (and near-fa l l s  as wel l )  and to  i dent i fy the speci fi c  reasons for 

thei r occurrence . 

2 .  Procedure 

B lack and whi te ki nescopes ( frame rate - 24 FPS ) of a l l three 

l unar  EVAs p l us the voi ce transcri pts were avai l abl e for analys i s .  The 

segments of fi l m  i nvol vi ng the fa l l s  or near-fal l s  were ana lyzed i n  detai l 

us i ng a Vanguard moti on analyzer. The i n-fl i ght  voi ce transcri pts were 

used wi th the fi lms to estab l i sh the events that occurred before and after 

the actual fal l . 

B .  Descri pti on o f  V i s i b l e  Fal l s  

l .  CDR Scott ' s  Fa l l  At Stati on #6 

Thi s fal l occurred at GMT 2 1 3 : 1 4 : 02 : 00 ( GET 6 : 00 : 28 : 00) at Sta

t i on #6 duri ng the second EVA . LMP I rwi n  has j ust  dug a trench near the 

edge of a sma l l crater . CDR Scott i s  photographi ng the trench . CDR Scott 

wal ks near the r im  of the crater wi th the camera mounted and carryi ng the 

tongs ; he proceeds wi thout any probl em unt i l he i s  near the trenchi ng 

s i te .  At that poi nt he takes a short hop and steps onto the i ns i de s l ope 

of the r im .  Thi s s l ope i s  unexpectedly soft and he l oses hi s bal ance and 

s tarts fa l l i ng forward and to the l eft . Wi th both arms extended to break 
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the fal l , he l ands on h i s l eft s i de . He turns c l ockwi se unti l he i s  s i t

ti ng on the ground and then turns counterc l ockwi se unti l he i s  knee l i ng 

on the ground . He does not attempt to get up  by h imse l f ;  i nstead he stays 

on hi s knees wi th hi s l eft hand on the ground and h i s  ri ght arm extended 

overhead and wai ts for the LMP  to hel p h i m .  

2 .  CDR ' s  Fa l l  At Station 9A 

Thi s fa l l  occurred at GMT 2 1 4 : 1 1 : 06 : 28 (GET 6 : 21 : 32 : 28 )  duri ng 

the thi rd l unar  EVA . CDR Scott and LMP I rwi n  are at Stati on 9A descri b

i ng the area and Scott i s  taki ng photographs . The CDR beg i ns movi ng 

toward a new area as he gi ves the camera readi ng and s ummari zes the des

cri ption of the area . He steps around a group of rock  fragments and then 

h i s ri ght foot s teps i nto a sma l l depres s i on and he begi ns to l ose h i s  

ba l ance . As he steps wi th hi s l eft foot , i t  s l i des off a sma l l rock and 

conti nues s l i d i ng on the l oose s urface soi l . Whi l e  tryi ng  to dri ve h i s  

feet back under h i s  center o f  grav i ty ,  Scott i ncreases hi s forward vel o

c i ty .  H e  then fal l s  forward wi th both hands extended t o  break the fa l l .  

Land i ng on h i s  l eft s i de ,  he rol l s  countercl ockwi se  and on h i s  back and 

is then out of vi ew of the TV camera . 

C .  Descri ption of V i s i b l e  Near Fa l l s  

1 .  The LMP ' s  Near Fal l at  the ALSEP  S i te 

Thi s near fa l l  occurred at GMT 2 1 2 : 1 4 : 1 4 : 50 ( GET 5 : 04 : 40 : 50 )  dur

i ng the first EVA . CDR Scott and LMP Irwi n are at the ALSEP s i te depl oy

i ng experiments . Irwi n i s  try i ng to attach the S IDE cab l e connector to 

the central stati on ( C/S ) , but he i s  havi ng  di ffi cul ty .  Wh i l e  l eani ng 

over the C/S , the S I DE cab l e  connector pul l s  l oose . He l oses h i s  ba l ance 

and begi ns l ean i ng to h i s  r i ght wi th h i s  hands on the C/S . He turns 
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counterc l ockwi se  wi th h i s  ri ght hands on  the C/S  and  the  wei ght of h i s  

body ti ppi ng the C/S . He conti nues to turn unti l h i s  back i s  to the C/S 

at wh i c h  poi nt he rega i ns h i s  bal ance and turns c l ockwi se to face the 

CIS and conti nue work i ng .  

2 .  CDR Scott • s  Near Fal l at the ALSEP S i te 

Th i s  near fa l l  occurred at the ALSEP s i te at  GMT 2 1 2 : 1 8 : 2 1 : 50 

( GET 5 : 04 : 47 : 50 } , j ust  seven mi nutes after the LMP 1 s  near fal l . The CDR 

has been worki ng on the Heat F l ow Experi ment and i s  goi ng to throw the 

pa l l et away and gi ve a demonstrat i on of l /6 grav i ty .  Wi th the pal l et i n  

h i s  l eft hand he steps back and then swi ngs hi s body and the pal l et c l ock

wi s e .  As he throws the pa l l et in the a i r ,  h i s  body i s  extended and pul l ed 

s l i ght ly  off the ground . He l ands on h i s ri ght foot whi ch s l i des under 

h i s  body and to the l eft . At one poi nt he  i s  l eani ng ri ght wi th both h i s  

feet off the ground to the l eft . Once aga i n  he s teps on h i s ri ght foot 

and wi th hi s ri ght arm extended he fa l l s  to the ri ght and supports h i s 

wei ght  on h i s  ri ght l eg and ri ght hand . He turns c l ockwi se  unti l he  i s  

faci ng the ground and then takes a few qui ck steps to get h i s  feet back 

under h i s  body and to rega i n h i s  ba l ance . 

D .  Di scuss i on 

1 .  Pos s i bl e Causes 

a .  Surface Cond i ti ons . An i mportant and obv i ous cause of fa l l s  

and near- fa l l s  i s  the condi ti on of the s urface , or rather the crewmembers • 

i nabi l i ty to recogn i ze and/or cope wi th certai n s urface condi ti ons . Such 

surface features as mi nor depress i ons , frequent ly  associ ated wi th l oose 

soi l at the edges , s l opi ng terra i n  wi th soi l of varyi ng dens i ty ,  strength 
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and compress i bi l i ty ( l ) , s cattered rocks of vari ous s i zes , refl ecti v i ty 

and other chang i ng or unexpected cond i ti ons , may contri bute to s l i ppi ng , 

tri ppi ng , or otherwi se  temporari l y  l os i ng footi ng and bal ance . Fa l l s  

from th i s  cause ( s urface condi ti ons ) di d occur at Had l ey Ri l l e ( Stat i on 

9A ) where the CDR tri pped over some rock fragments and stepped on l oose 

soi l (at near fai l ure condi ti on at the edge of a depress i on ) , whi ch d i d 

not support h i m .  Another fal l  occurred at  Stati on 6 where the CDR stum

bl ed as he stepped onto the rel ati vely steep i ns i de s l ope of a crater , 

where aga i n  the so i l may have been i n  near fa i l u re condi ti on and cou l d  

not s upport h i m .  

b .  V i s i b i l i ty .  The unexpected surface characteri sti cs ( see 

above ) may not have been recogn i zed as potenti a l l y  hazardous because of 

l i mi tati ons on v i s i bi l i ty .  F i rst , the angl e ,  pos i t i on and gl are of the 

sun  and subsequent changi ng of refl ecti vi ty of the s urface can affect 

v i s ua l  acui ty .  Second ,  the pos i ti on o f  the RCU on the A7LB su i t i nter-

feres wi th fu l l - range downward vi s ual percepti on .  I n  addi ti on , objects 

mounted on the RCU ( camera , samp l e bags , etc . ) bei ng carri ed by the crew-

man may al so  obscure downward v i s i o n .  Thi s ,  o f  cou rse , prevents the 

crewmember from recogn i zi ng and avoi di ng hazards immedi ately i n  front of 

h i m ,  part icu l arly i f  he has j ust made a turn or p i vot and then s tepped 

forward . Th i s  may have been the s i tuati on i n  the CDR • s  fal l at Stati on 

9A . 

( 1 )  �1i tchel l ,  J .  K . , et a l . Prel i mi nary Analys i s  of Soi l Behav i o r , 
MSC ( 1 97 1 ) :  � �  . . . cons i derabl e vari abil i ty i n  soi l  properties , both regi on
a l ly and l oca l ly  and wi th depth . . .  I n-s i tu dens i ti es range from 1 . 36 to 
2 . 1 5  g/cm3 , a range wh i ch i ndi cates very great ranges i n  strength and com
press i bi l i ty behav i or . . •  , and the soi l on steep s l opes al ong the (Apenni ne )  
Front i s  i n  a near fai l ure cond i ti on . 1 1 ( p .  2 )  
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c .  Gravi tati onal Effects . The l ower grav i tati onal forces ( l /6-g ) 

on the moon i s  an i mportant factor i n  fa l l s  and near fal l s .  I n  genera l , 

crewmembers have adapted very wel l to th i s  envi ronmental condi t i on , but 

under certa i n  c i rcumstances where " i ns ti ncti ve" refl ex acti on occurs , such 

as i n  tri ppi ng or  stumbl i ng ,  the 1 -g condi t i oned refl ex takes over , and a 

s l i p  or fal l may occur . Reacti ve forces and those i nvol vi ng turn i ng or  

torque are a functi on of  mass , not wei ght , and g i ve es senti al ly  the same 

resu l ts on the moon as on earth . However , the crewmens •  res i stance to 

torque , due to contact of the boots wi th the l unar surface , i s  ( 1 /6 )  of 

what i t  wou l d  be on earth . 

2 .  Ana lys i s  of the Speci fi c Cases 

a .  The two fal l s  occurred under somewhat s i mi l ar condi ti ons i n  

that the crewmembers were wa l k i ng on uneven terrai n ,  then s l i pped and/or 

tri pped . I n  the Stati on 9A fal l  the C DR , carry i ng the 500mm camera , moved 

off from a stand i ng pos i ti on ,  turned to the l eft at the same t ime , p l a c i ng 

fi rst h i s  l eft and then h i s  ri ght  foot , uti l i z i ng about one second for each 

step , a rather s l ow gai t .  I t  was here that h i s  ri ght foot s l i pped i n  the 

l oose soi l ( probab ly  at near fai l ure cond i ti on )  on the edge of a smal l 

depres s i on ,  and h i s l eft struck and s l i pped on , or by , a smal l rock  between 

the feet . The combi nati on of the ri ght foot l os i ng tracti on , and the l eft 

foot stri ki ng the rock and s l i pp i ng , created an imbal ance where the center 

of gravi ty was past the s upport base , and momentum carri ed the CDR forward 

more rap id ly  than h i s  feet cou l d  compensate for due to s l i ppage . Th i s  

i l l u strates the l /6th fri ct ional  force • s  ( a s  compared to earth cond i ti ons ) 

effect on tracti on . On the other hand , the acce l erati on due to l unar 

gravi ty ( 1 . 63 m/sec2 compared to 9 . 8  m/ sec2 on earth ) wi l l  cause an obj ect 
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to fa l l l /6 s l ower .  Thus , i f  an  unexpected event occurs , such as tri pp i ng 

on a rock , or a sudden rel ease of a connector , the l ow fri ctional  force 

between boot and s urface wou l d cause s l i pp i ng much sooner , and refl exes , 

accommodati on and bal ance wou l d not serve to correct the anomaly  as effec

ti ve ly  as  under 1 -g .  But ,  s i nce a person fa l l s  much s l ower on the moon , 

he  has more t ime to correct for a s l i p  before reach i ng the surface . Th i s  

i s  apparent from the k i nescope whi ch g i ves the i mpress i on of a s l ow-moti on 

fi l m .  The same causal  re l at i onsh i ps wou l d  seem to apply to the other fa l l  

at Stati on 6 .  The soi l condi ti on a t  crater and depress i on edges appears , 

as menti oned above , to be at nea r  fai l ure ,  thus not bei ng abl e to s upport 

the crewmember . Thi s k nowl edge of the near fai l ure condi tion of soi l on 

the s l opes of dep ressi ons  and the l /6th fri cti onal force for tracti on , can 

be used to he l p  avoi d or reduce the pos s i b i l i ty of fal l s .  

b .  Two near-fa l l s  occurred at the ALSEP s i te .  One occurred when 

the LMP was attempti ng to attach the S I DE connector to the C/S .  I n  th i s  

case the connector mounted hori zonta l ly , was d i ffi cu l t  to attach , and as 

the LMP tri ed to compl ete the connecti on i t  suddenly  re l eased , creati ng 

the hori zontal reacti ve force (torque ) caus i ng the LMP to s pi n around . 

Th i s  force was the same as i t  woul d  have been on earth . However ,  s i nce 

the LMP • s  res i stance to torque was through contact of h i s  boots wi th the 

su rface , and the reacti ve force exceeded the res i stance forces , the spi n 

and near-fa l l resu l ted . Fortunately , the surface was rel ati vely smooth 

and l eve l and the LMP used the C/S to catch h imsel f ,  both of wh i ch pro-

bably prevented a fal l . 

The other �-fa l l occurred when the CDR attempted to throw 

a pa l l et much as a d i scu s  i s  tos sed . The rotati ona l forces ( torque ) were 



not affected by the l ow gravi ty ;  but the fri cti onal res i stance at boot

soi l i nterface was l /6 earth force .  Th i s  unusual  comb i nati on , and the 

rap i d ,  comp l ex moti ons caused the CDR to temporari ly l ose 1 1 ba l ance . 1 1 

4 7  

Both observed near-fa l l s  s hared the same phenomena - s udden 

rotat i on of the body and momenta ry l os s  of tracti on due to l ow fri cti onal 

res i s tance at the boot-surface i nterface . 
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V I .  CONCLUS IONS 

A .  Mobi l i ty Eva l uat ion 

Because of the LRV , Apo l l o  1 5  EVAs req u i red no l engthy mobi l i ty seg

ments , the l ongest bei ng about 400 ' -500 ' . Factors i nfl uenci ng mobi l i ty , 

other than l /6-g , appear to be : uneveness  of terra i n ,  due to sma l l  depres

s i ons , rocks or othe r "mi cro "  features and due to vari ati on i n  s l ope and 

other " macro " features ; natu re of soi  1 ,  wh i ch is  1 oose , dry and eas i ly  

d i s l odged , a nd  parti cu l arly soi l o n  the edge of craters , both l arge and 

sma l l ,  wh i ch frequently i s  i n  near fa i l ure condi ti on ; refl ecti vi ty and 

sun  ang l e ,  tendi ng to make vi sua l  percepti on d i ffi cu l t ;  pres sure su i t 

res tri cti ons , i nc l udi ng l i mi ted v i s i bi l i ty .  

Most  traverses by crewmembers reveal ed that steps were i rregu l ar ,  

uneven i n  l ength , and changed frequently from a wa l k i ng gate , to a hoppi ng

wa l k ,  or canter , to a pure hop depend i ng on the surface condi ti ons encoun

tered . The nature of many ta sks  on the l unar surface requi re movement for 

short d i s tances i n  whi ch s i de-hops , or s i de shuffl e together wi th short 

steps , both forward and back were observed . These types of mobi l i ty i ndi 

cate an adapti ve procedure to compensate for the uneven terra i n  and soi l 

cond i t i ons . 

Rates of movement varied  from 0 . 9  ft/sec to about 2 . 0  ft/ sec , the l at

ter occurri ng on rel ati vely l ong traverse (about 41 ft . ) over " smooth "  

terrai n ,  parti a l ly  downhi l l .  The s l i ght i ncrease  i n  rates that occurred 

over the three EVAs i nd i cated adaptabi l i ty and i ncreased confi dence as 

crewmembers gai ned experi ence . 
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1 .  The resu l ts i ndi cate that tasks ta ke l onger to do on the moon than 

i n  the l ast  tra i n i ng ses s i on before fl i ght . A measure of thi s d i screpancy 

i s  the rati o ( l unar-performance-time ) / ( l ast-tra i n i ng-ti me ) . Thi s rati o i s  

of the order 1 . 58 ,  or , a 58% i ncrease i n  ti me for l unar performance com

pared to 1 -g tra i ni ng .  

2 .  A revi ew of the bas i c  data and the ci rcumstances associ ated wi th 

l unar EVA poi nted up  a number of s i tuati onal and i nstrumenta l factors 

i mpacti ng task  ti me on the l u nar surface . Though i ncreasi ng the t ime to 

do a ta sk , these factors cou l d  not be cons i dered as components of astro

naut performance . When these were el i m i nated from the ca l cu l at ions , the 

rati o of l unar-performance-time to l ast-tra i n i ng-time was cons i derabl y  

reduced . I t  became 1 . 39 for the CDR and 1 . 43 for the LMP . 

3 .  I n  two cases e l ement analys i s  was poss i b l e  (Comprehens i ve Sampl e 

Col l ecti on and Doub l e  Core Samp l e  Col l ecti on ) , i n  wh i ch the e l ements were 

repeated a number of t imes . Such data were the bas i s  for i denti fyi ng 

homogeneous work segments for wh i ch accurate t imes were obta i ned . In one 

case , Rake and Shake , the l unar t ime was 4 1 % l ower than tra i n i ng t ime , 

an excepti onal occurrence . Al though thi s  el ement i nvol ved gross motor 

contro l , the l ack of fi l m  ana lys i s  of the tra i n i ng performances precl udes 

determi nati on of i denti fi abl e causal factors for th i s  unusual  di fference 

i n  t imes . 

4 .  Al though tas ks on the average took l onger to do on the moon than 

i n  tra i n i ng ,  a few acti v i ti es were performed more qu i ck ly  on the l unar 

surface . An exami nati on of such tas ks l ed to the hypothes i s  that perfor

mance i nvol v i ng gros s motor acti v i ty woul d be l es s  affected than fi ne motor 
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acti v i ty by l unar work i ng condi ti ons . I t  was found that rati o of l unar

performance-time to l ast-trai n i ng-ti me was 1 . 20 for gross dexteri ty tasks  

and  1 . 6 5  for fi ne dexteri ty tas ks . I n  other words , fi ne motor acti vi ty 

takes about 6 5% more time .  Thi s  d i fference i s  stati sti cal ly s i gni fi cant . 

C .  Metabo l i c  Ana lys i s  of Lunar Acti v i ti es 

1 .  The usefu l ness of the regres s i on equati on for es timati ng metabol i c  

rates for short t ime i nterval s i s  confi rmed by i ts abi l i ty to s i gni fi cantly 

di fferenti ate traverse segments of di fferi ng s l ope ( downhi l l , l evel , uph i l l ) .  

2 .  Metabol i c  cost decreases a s  the crewman repeats a task  over suc

cess i ve EVAs . From the fi rst to the second EVA performance , thi s decre

ment i s  of the order of 1 0% for two d i fferent types of tas ks . Th i s  may 

be taken as evi dence of adaptati on to the general worki ng condi ti ons on 

the l unar surface . 

D .  Fal l and Near Fal l Ana lys i s  

Duri ng Apol l o  1 5  l una r EVAs i nstances occurred i n  whi ch crewmembers 

momentari ly l ost  thei r bal ance res u l ti ng i n  a fal l or near-fa l l .  The two 

fal l s  occurred as the CDR was movi ng over uneven terrai n and encountered 

the edge of a crater , soi l of whi ch cou l d  not s upport h i m .  The l imi ted 

v i s i b i l i ty may have a l so contri buted to the fa l l s .  

The near-fa l l s  occurred when crewmembers went i nto rotati on or angu

l ar mot ion i n  wh i ch mass  affected the moti on as i t  wou l d  under 1 -g ,  but 

the tracti on , or fri cti onal res i stance of the boots wi th the surface was 

on ly l /6th of what i t  wou l d  be on earth . The sudden rotati ng moti ons 

( i nduced by LMP when a ba l ky connector pul l ed l oose , and by CDR i n  toss i ng ,  

d i scus styl e ,  a pal l et )  and l ack  of tracti on were qu i ck ly  compensated for 



5 1  

by the crewmembers so  that an  actual fa l l d i d  not  occur .  

Recogni ti on of hazardous surface cond i ti ons , espec i a l ly a t  crater 

edges , and the d i fference i n  angu l ar and fri cti onal forces wi l l  a ss i st 

crewmembers i n  avo id i ng pos s i b ly  dangerous s i tuati ons resu l ti ng from fa l l s . 
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APPENDIX  A 

EVA T IMEL I NES - CDR & LMP 
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CDR EVA #1 

GET ( l ) T ( 2 ) GET ( l ) T ( 2 ) 

Start EVA Watch 04 : 23 : 38 : 33 
Pre-Egress  04 : 2 3 : 50 : 45 1 2 . 20 
Egress 04 : 23 : 59 : 28 8 .  72 
TV Depl oy 05 : 00 : 1 1  : 1 3 1 1 . 75 
LRV Offl oad and Depl oy 05 : 00 : 31 : 40 20 . 45 
LRV Conf i g .  and Trav . P rep . 05 : 01 : 44 : 35 72 . 92 
Trav . to Station  #1 ( 3 ) 05 : 02 : 1 0 : 46 26 . 1 8 
Stati on # 1  Tas ks : 

Geo l . S i te Se l ection  05 : 02 : 1 4 : 52 4 . 1 0  
Rad i a l  Sampl e  05 : 02 : 24 : 04 9 . 20 
Trav . Prep . 05 : 02 : 28 : 36 4 . 53 05 : 02 : 28 : 36 1 7 . 83 

Trav . to Stati on #2 05 : 02 : 35 : 20 6 . 73 
Stati on #2 Tas ks : 

Geol . Descri pti on & Doc .  Sampl es 05 : 02 : 57 : 22 22 . 03 
Comprehens i ve Samp l e 05 : 03 : 05 : 1 1  7 . 82 
Doubl e Core 05 : 03 : 1 6 : 04 1 0 . 88 
500mm Photo and Trav . Prep . 05 : 03 : 26 : 02 9 . 97 05 : 03 : 26 : 02 50 . 70 

Trav .  to Stati on #3 05 : 03 : 42 : 50 1 6 . 80 
Stati on #3 Tasks : 

Samp l es and Trav . P rep . 05 : 03 : 47 : 08 4 . 30 05 : 03 : 47 : 08 4 . 30 
Trav .  to LM 05 : 03 : 59 : 35 1 2 . 45 
ALSEP Offl oad 05 : 04 : 24 : 05 24 . 50 
ALSEP Trav . 05 : 04 : 33 : 28 9 . 38 
ALSEP Tasks : 

HFE Dep l oy 05 : 05 : 24 : 01  50 . 55 
LR 3 Dep l oy 05 : 05 : 33 : 2 1 9 . 33 
ALSEP Photo and Trav . Pre p .  05 : 05 : 38 :  1 7  4 . 93 05 : 05 : 38 : 1 7  64 . 81 

Trav . to LM 05 : 05 : 42 : 36 4 . 32 
EVA C l oseout 05 : 05 : 57 : 40 1 5 . 07 
SWC Depl oy and EVA Termi nati on 05 : 06 : 1 2 : 23 1 4 . 72 

Tota l EVA #1  - 6 hr 33 . 83 mi n 

( 1 )  GET i s  i n  days : hours :mi nutes : seconds and represents the end poi nt of a s peci 
fi c acti v i ty .  

( 2 ) �T  i s  i n  dec ima l  mi nutes and represents e l apsed time .  

( 3 ) Un l ess otherwi se  noted , a l l traverses are vi a LRV . 



LMP - EVA #1  

Start EVA Watch 
Pre- Egress 
Egress 
Conti ngency Sampl e 
LRV Offl oad and Dep l oy 
LRV Confi g .  
Pal l et Trans . ,  LM Pwr. Down & Trav . 

P re p .  
Trav . t o  Stati on #1 
Stati on #1 Tas ks : 

P hoto Pan 
Radi al Sampl e 
Trav . Prep .  

Trav . to  Stati on #2  
Stati on #2 Tas ks : 

Photo Pan and Documented Samp l es 
Comprehens i ve Samp l e  
Doubl e Core 
70mm Pan and Tra v .  Prep . 

Trav . to Stati on #3 
Stati on #3 Ta s ks : 

Mon i tor CDR From LRV 
Trav . to LM 
ALSEP Offl oad 
ALSEP Trav . (wa l ki ng carryi ng ALSEP 

Barbe 1 1 ) 
ALSEP Tasks : 

ALSEP I nterconnect 
PSE Depl oy 
SWE Depl oy 
LSM Depl oy 
Sunsh i e l d  Depl oy 
ALSEP Antenna I nstal l ati on 
S i de Dep l oy 
CIS Acti vate & LSM Sunshi el d Dep l oy 

Tra v .  to LM 
EVA C l oseout 
EVA Termi nat i on 

GET 

05 : 02 : 1 4 : 35 
05 : 02 : 24 : 04 
05 :02 : 28 : 36 

05 : 02 : 57 : 22 
05 : 03 : 05 : 1 1  
05 : 03 : 1 6 : 04 
05 : 03 : 26 : 02 

05 : 03 : 47 : 08 

05 : 04 : 42 : 49 
05 : 04 : 51 : 06 
05 : 04 : 54 : 45 
05 : 05 : 04 : 03 
05 : 05 :  1 8 : 1 4  
05 : 05 : 25 : 05 
05 : 05 : 33 : 30 
05 : 05 : 38 : 33 
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fiT GET fiT 

04 : 2 3 : 38 : 33 
05 : 00 : 00 : 00 2 1 . 45 
05 : 00 : 03 : 39 3 . 65 
05 : 00 : 1 3 : 45 1 0 . 1 0  
05 :00 : 30 : 5 1 1 7 . 1 0  
05 : 0 1 : 1 5 : 4 1  44 . 83 

05 : 01 : 44 : 35 28 . 90 
05 : 02 : 1 0 : 46 26 . 1 8  

3 . 82 
9 . 48 
4 . 53 05 : 02 : 28 : 36 1 7 . 83 

05 : 02 : 35 : 20 6 . 73 

22 . 03 
7 . 82 

1 0 . 88 
9 . 97 05 :03 : 26 : 02 50 . 70 

05 : 03 : 42 : 5 0  1 6 . 80 

4 . 30 05 : 03 : 47 : 08 4 . 30 
05 : 03 : 59 : 35 1 2 . 45 
05 : 04 : 23 : 42 24 . 1 2  

05 :04 : 26 : 5 1  3 . 1 5  

1 5 . 97 
8 . 28 
3 . 65  
9 . 30 

1 4 . 1 8  
6 . 85 
8 . 42 
5 . 05 05 : 05 : 38 : 33 7 1 . 70 

05 : 05 : 42 : 49 4 . 27 
05 : 05 : 53 : 32 1 0 . 72 
05 : 06 : 1 2 : 23 1 8 . 65 

Tota l EVA #1  6 hr 33 . 83 mi n 



55 

CDR - EVA #2 

GET liT GET liT 

Start EVA Watch 05 : 22 : 1 4 : 20 
Pre-Egress 05 : 22 : 24 : 03 9 . 72 
Egress 05 : 22 : 29 : 28 5 . 42 
Equ i p .  Prep . 05 : 23 : 03 : 45 34 . 28 
LRV Nav . ! n i t .  05 : 23 : 1 1  : 1 3  7 . 47 
Trav . to Stati on #6 05 : 23 : 53 : 56 42 . 72 
Stati on #6 Tas ks : 

Documented Sampl es 06 : 00 : 25 : 33 3 1 . 45 
So i l  Mech . Trench 06 : 00 : 34 : 50 9 . 45 
S i ngl e  Core 06 : 00 : 38 : 55 4 . 08 
Documented Sampl es 06 : 00 : 43 : 57 5 . 03 
500mm Photo and Trav . Prep . 06 : 00 : 58 : 29 1 4 . 54 06 : 00 : 58 : 29 64 . 55 

Trav . to Stati on #6A 06 :01 : 00 : 59 2 . 50 
Stati on #6A Tas ks : 

Sampl es and Trav . P rep . 06 : 01 : 22 : 40 21 . 68 06 : 01 : 22 : 40 21 . 68 
Tra v .  to Stati on #7 06 : 0 1 : 25 : 46 3 . 1 0  
Stati on #7 Tas ks : 

Documented Samp l es 06 : 01 : 57 : 20 3 1 . 57 
Comprehensi ve Sampl e 06 : 02 : 06 : 52 9 . 53 
Documented Samp l es & Trav . P rep . 06 : 02 : 1 5 : 28 8 . 60 06 : 02 : 1 5 : 28 49 . 70 

Trav . to Stati on #4 06 : 02 : 28 : 24 1 2 . 93 
Stat ion #4 Tas ks : 

Documented Samp l e 06 : 02 : 4 1 : 35 1 3 . 1 8  
Tra v .  Prep .  06 : 02 : 45 : 44 4 0 1 5  06 : 02 : 45 . 44 1 7 . 33 

Trav . to LM 06 : 03 : 08 : 08 22 . 40 
Confi g .  LRV for ALSEP Tas ks 06 : 03 : 1 9 : 33 1 1 . 42 
Trav . to ALSEP S i te 06 : 03 : 21 : 1 5  l .  70 
ALSEP S i te Tasks : 

H FE Depl oy Compl eti on 06 : 03 : 57 : 1 3  35 . 97 
Sel ect Geol . S i te for LMP 06 : 04 : 1 4 : 05 1 6 . 87 
Deep Core and Trav . Prep . 06 : 04 : 31 : 08 1 7 : 05 06 : 04 : 31 : 08 69 . 88 

Trav . to LM 06 : 04 : 32 : 1 7  1 . 1 5  
EVA C l oseout : 

C l oseout Acti v i ti es 06 : 04 : 53 :  1 4  20 . 95 
Fl ag Depl oy 06 : 04 : 57 : 40 4 . 43 
Conti nue Cl oseout Acti vi ti es 06 : 05 : 1 8 : 51 21 . 1 8 06 : 05 : 1 8 : 51 46 . 57 

EVA Termi nati on 06 : 05 : 27 : 2 1  8 . 50 

Tota l EVA #2 - 7 hr 1 3 . 02 fll i n  



LMP - EVA #2 

Start EVA Watch 
Pre-Egress 
Egress 
Equi p .  P rep . 
LRV Nav . I n i t .  
Trav . to Stati on #6 
Stat i on #6 Tas ks : 

Photo Pan 
Documented Sampl es 
Soi l Mech . Trench 
S i n g l e  Core 
Documented Sampl es 
70mm Mag . Ch . & Trav . Prep . 

Trav . to Stati on #6A 
Stati on #6A Tas ks : 

Photo Pan and Geol . Des c .  
Tra v .  Prep . 

Trav . to Stat i on #7 
Stati on #7 Tas ks : 

Photo Pan 
Documented Sampl es 
Comprehens i ve Sampl e  
Documented Samp l es & Trav . P rep . 

Trav . to Stati on #4 
Stati on #4 Tas ks 

Photo Pan and Documented Samp l es 
Tr�v . Prep . 

Trav . to LM 
Confi g .  LRV for ALSEP  and Photo 
Trav . to ALSEP S i te (wal k i ng ) 
ALSEP S i te Tas ks : 

ALSEP Photo and Ch . 70mm Mag .  
Sampl es and C/S Al i gn Check 
Photo and Descri pti on 
Soi l  Mech . Trench 
Penetrometer 

ALSEP Photo and Trav . to LM (wal k i ng ) 
EVA C l oseout : 

Cl oseout Acti v i ti es 
Fl ag Dep l oy 
Conti nued Cl oseout Act i v i ti es 

EVA Termi nat i on 

GET 

05 : 23 : 58 : 1 7  
06 : 00 : 26 : 01 
06 : 00 : 34 : 50 
06 : 00 : 38 : 55 
06 : 00 : 43 : 57 
06 : 00 : 58 : 29 

06 : 01 : 1 9 : 1 0  
06 : 01 : 22 : 40 

06 : 01 : 34 : 30 
06 : 01 : 55 : 04 
06 : 02 : 06 : 52 
06 : 02 : 1 5 : 28 

06 : 02 : 41 : 35 
06 : 02 : 45 : 44 

06 : 03 : 48 : 26 
06 : 03 : 55 : 1 5  
06 : 04 : 02 : 1 0  
06 : 04 : 1 7 : 39 
06 : 04 : 28 : 1 8  

06 : 04 : 52 : 1 8  
06 : 04 : 57 : 40 
06 : 05 : 04 : 22 

4 . 35 
27 . 73 
8 . 82 
4 . 08 
5 . 03 

1 4 . 54 

1 8 . 1 8  
3 . 50 

8 . 7 3 
20 . 57 
1 1  . 80 
8 . 60 

1 3 . 1 8  
4 . 1 5  

1 3 . 92 
6 . 82 
6 . 92 

1 5 . 49 
1 0 . 65 

1 9 . 1 1  
5 . 37 
6 . 70 

GET 

05 : 22 : 1 4 : 20 
05 : 22 : 35 : 56 
05 : 2 2 : 37 : 33 
05 : 23 : 03 : 46 
05 : 23 : 1 1 : 1 3  
05 : 23 : 53 : 56 

06 : 00 : 58 : 29 
06 : 01 : 00 : 59 

06 : 01 : 22 : 40 
06 :0 1 : 25 : 46 

06 :02 : 1 5 : 28 
06 : 02 : 28 : 24 

06 : 02 :45 : 44 
06 : 03 : 08 : 08 
06 : 03 : 30 : 24 
06 : 03 : 34 : 31 

06 : 04 : 28 : 1 8  
06 : 04 : 33 : 1 1  

06 : 05 : 04 : 22 
06 : 05 : 27 : 2 1 
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2 1 . 60 
1 . 62 

26 . 22 
7 . 45 

42 . 72 

64 . 55 
2 . 50 

2 1 . 68 
3 . 1 0  

49 . 70 
1 2 . 93 

1 7 . 33 
22 . 40 
22 . 27 
4 . 1 2  

5 3 . 78 
4 . 88 

3 1 . 1 8  
22 . 98 

Tota l EVA #2  - 7 hr  1 3 . 02 mi n 



Start EVA Watch 
Pre-Egress 
Egress 
Equ i p .  Prep . & LCRU Acti vate 
Tra v .  to ALSEP S i te 
ALSEP S i te Tas ks : 

Recover Core Tubes 
Di sassemb l e  Core Tubes 
LRV Photo/ l 6mm 

LRV Nav . I n i t .  
Tra v .  to Stati on #9 
Stati on #9 Tas ks : 

Documented Sampl es & Trav . Prep . 
Traverse to Stati on #9A 
Stat i on #9A Tas ks : 

Geol . Des c .  & 500mm Photo 
Documented Sampl es 
Comprehens i ve Sampl e 
Doubl e  Core 
Sampl es & Trav . Prep . 

Trav . to Stati on # 1 0 
Stat ion # 1 0 Tas ks : 

CDR - EVA #3 

GET 

06 : 20 : 1 7 : 57 
06 : 20 : 36 : 42 
06 : 20 : 45 : 1 5 

06 : 2 1 : 1 6 : 50 

06 : 2 1 : 36 : 00 
06 : 2 1 : 53 : 1 0  
06 : 22 : 00 : 58 
06 : 22 : 08 : 34 
06 : 22 : 1 4 : 25 

500mm Photo , Sampl es & Trav . Prep . 06 : 22 : 28 : 49 
Tra v .  to ALSEP S i te 
Trav . to LM 
EVA C l oseout : 

C l oseout Acti v i t i es 
Demonstrati on (Stamp and Gravi ty ) 
Pos i ti on LRV for L i ftoff 
Conti nue Cl oseout Act iv i t i es 

EVA Termi nati on 

06 : 23 : 1 5 : 08 
06 : 23 : 23 : 06 
06 : 23 : 52 : 30 
07 : 00 : 00 : 37 

AT 

1 0 . 83 
1 8 . 75 
8 . 55 

1 5 . 1 0  

1 6 . 57 
1 7 . 1 7 
7 . 80 
7 . 60 
5 . 85 

1 2 . 07 

29 . 38 
7 . 97 

29 . 40 
8 . 03 

GET 

06 : 1 9 : 1 7  : 38 
06 : 1  9 : 28 : 1 6  
06 : 1 9 : 32 : 1 9  
06 : 20 : 04 : 1 3 
06 : 20 : 07 : 07 

06 : 20 : 45 : 1 5  
06 : 20 : 48 : 26 
06 : 2 1 : 01 : 44 

06 : 2 1 : 1 6 : 50 
06 : 2 1 : 1 9 : 26 

06 : 22 : 1 4 : 2 5  
06 : 2 2  : 1 6  : 45 

06 : 22 : 28 : 49 
06 : 22 : 43 : 40 
06 : 22 : 45 :45  

07 : 00 : 00 : 37 
07 : 00 : 08 : 09 

57 

1 0 . 6 3  
4 . 05 

31 . 90 
2 . 90 

38 . 1 3  
3 . 1 8  

1 3 . 30 

1 5 . 1 0  
2 . 60 

54 . 98 
2 . 33 

1 2 . 07 
1 4 . 85 
2 . 08 

74 . 78 
7 . 62 

Tota l EVA #3 - 4 hr  50 . 52 mi n 
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LMP - EVA #3 

GET llT GET tiT 

Start EVA Watch 06 : 1 9 :  1 7 : 38 
Pre-Egress 06 : 1 9 : 32 : 21 1 4 . 88 
Egress 06 : 1 9 : 34 :  1 1  1 . 67 
Equ i p .  Prep . 06 : 20 : 02 : 30 28 . 32 
Trav . to ALSEP S i te (wa l ki ng ) 06 : 20 :07 : 07 4 . 62 
ALSEP  S i te Tas ks : 

Recover Core Stems 06 : 20 : 1 7 : 57 1 0 . 83 
Di sassemb l e  Core Stems 06 : 20 : 2 1 : 43 3 .  77  
ALSEP Photo 06 : 20 : 28 : 35 6 . 87 
Di sassembl e Core Stems 06 : 20 : 36 : 42 8 . 1 2  
L RV Photo & Trav . Prep . 06 : 20 : 45 : 1 5  8 . 55 06 : 20 : 45 : 1 5  38 : 1 3  

L RV Nav . ! n i t .  06 : 20 : 48 : 26 3 . 1 8  
Trav . to Stati on #9 06 : 21 : 01 : 44 1 3 . 30 
Stati on #9 Tas ks : 

Troubl eshoot Camera Mal functi on 06 : 21 : 08 : 53 7 . 1 5  
Documented Samp l es & Trav . Prep . 06 : 2 1 : 1 6 : 50 7 . 95 06 : 2 1 : 1 6 : 50 1 5 . 1 0  

Trav . to Stati on #9A 06 : 2 1 : 1 9 : 26 2 . 60 
Stat i on #9A Tasks : 

Documented Samp l es 06 : 2 1 : 53 : 1  0 33 . 73 
Comprehens i ve Samp l e  06 : 22 : 00 : 58 7 . 80 
Doubl e Core 06 : 22 : 08 : 40 7 . 70 
Sampl es & Tra v .  Prep . 06 : 22 : 1 4 : 25 5 . 75 06 : 22 : 1 4 : 25 54 . 98 

Trav . to Station # 1 0 06 : 22 : 1 6 : 45 2 . 33 
Stati on # 1 0 Tas ks : 

70mm Photo Pan 06 : 22 : 20 : 02 3 . 28 
Samp l es & Trav . Prep . 06 : 22 : 28 : 49 8 . 78 06 : 22 : 28 : 49 1 2 . 07 

Trav . to ALSEP S i te 06 : 22 : 43 : 40 1 4 . 85 
Retri eve Core Stems 06 : 22 : 45 : 23 1 . 72 
Trav . to LM (wa l ki ng ) 06 : 22 : 46 : 47 1 . 40 
EVA C l oseout 

C l oseout Acti v i t i es 06 : 23 : 1 4 : 06 27 . 32 
Transfer Samp l es & F i l m  Mags . to 

MESA 06 : 23 : 55 : 34 4 1 . 47 06 : 23 : 55 : 34 68 . 70 
EVA Termi nati on 07 : 00 : 08 : 09 1 2 . 58 

Total EVA #3  - 4 hr 50 . 52 mi n 
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APPEND I X  B 

PART IT ION OF TASKS I NTO SUB-TASKS 
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PARTITION OF TASKS I NTO SUB-TASKS* 

1 -G Tra i n i ng EVA 1 Rati o EVA 
6/4 7/ 1 7/ 1 6  7/31 Data 

Commander (A ) ( B )  (C )  (D) (D/C ) Source 
TV Depl oy 

1 .  Unstow , Confi gure TV & ( 1 )  
1 . 72 ( 2 ) 1 . 71 ( 2 ) Pos i ti on at 1 2 : 00/50 1 3 . 1 3  1 . 83 TV 

2 .  Adj ust TV . 50 ( 3 ) . 41 ( 3 )  1 . 43 3 . 48 TV 

LRV Offl oad 
1 .  Offl oad LRV unti l rea r wheel s 

4 . 82 (4 ) on surface 2 . 1 6  2 . 7 1 1 . 77 VTV 
2 .  Conti nue offl oad o f  LRV unti l 

front wheel s on surface 1 . 89 1 . 67 1 . 75 1 . 04 VTV 

L RV Configurati on & Traverse Prep. 
1 .  Mount LRV and compl ete LRV 

2 . 75 ( S ) 2 . 20 ( 5 ) check l i s t 3 . 85 1 .  75 VTV 
2 .  Mou nt TCU on LRV and connect 

power cab l e  . 88 . 85 1 . 47 1 .  72 VTV 
3 .  I ns ta l l LGA o n  LRV 2 . 1 0  1 .  90 2 .  25 ( G ) 1 . 1 8  VTV 
4 .  Unstow HGA . 80 . 44 . 80 1 . 81 TV 
5 .  Mount HGA on L RV . 50 . 55 . 87 1 . 58 TV 
6 .  Connect HGA & i ns ta l l TV on 

LRV 5 . 04 5 . 1 1  5 . 90 1 . 1 5  VTV 

( 1 )  No data col l ected on CDR on 6/4/7 1 . 
( 2 )  I n  tra i n i ng the TV was pos i ti oned a t  25 • from the LM , rather than the so • EVA 

di stance . 
( 3 ) I n  the tra i ni ng ses s i ons a mockup camera was used , adjustments were only s i mu

l ated . 
( 4 ) S ubacti vi ti es were i nterrupted for . 7  mi n .  when the CDR hel ped the LMP to h i s  

feet after a fa l l .  
( 5 ) I n  tra i ni ng crewmen a l ways requ i red ass i s tance when mounti ng the LRV . 

( 6 ) Subact i v i t i es were i nterruped for 1 . 20 mi n .  when the CDR refastened a LMP PLSS 
fl ap . 

*See pages 65 to 70 for a compl ete descri pti on of the sub-tasks . 



HFE Depl o,r 

PARTIT ION OF TASKS I NTO SUB-TASKS ( conti nued) 

Commander 

1 -G Tra i ni ng 
6/4 7/ 1 7/ 1 6  
{A ) { B ) {C ) 

( 1 )  

EVA 1 
7/3 1  

( D ) 
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Rati o EVA 
Data 

{ D/C } Source 

1 .  Offl oad LR & l unar dri l l ,  
dep l oy HFE pal l et & prepare 
for fi rst  d ri l l  s i de .  7 . 63 8 . 28 ( 7 ) 1 4 . 7 1 1 .  77 VTV 

2 .  Re l ease & remove e l ectron i cs 
box from pal l et .  1 . 30 1 . 62 2 . 45 1 .  5 1  TV 

3 .  Depl oy el ectroni cs box & 
prepare rack & dri l l . 5 . 7 1 5 . 83 7 . 79 1 .  33 VTV 

4. Prepare fi rst bore s tem 
secti ons . 

5 .  Carry rack , rod & dri l l  to 
2nd s i te & dri l l  1 st 

1 . 60 . 92 . 94 1 . 02 TV 

bore s tems i nto surface . 
6 .  Remove dri l l  from bore s tems . 

1 . 81 { 8 ) 2 . 40 { 8 ) 
• 2 1  . 26  

3 . 24 1 . 35 VTV 
3 . 1 7 { 9 ) 1 2 . 1 9 VTV 

( 7 }  CDR encountered some di ffi cu l ty wi th 11 Stuck 11 Boyd bol ts duri ng thi s group of 
s ubacti vi ti e s . 

{8 }  I n  tra i n i ng the  soft soi l made the  dri l l i ng acti v i ty very easy . 
{ 9 }  To accompl i s h  th i s  subacti vi ty the CDR had to obtai n the vi se from the 1 st 

s i te and use i t  on the dri l l  a nd bore s tems at  s i te 2 .  



PARTITION OF TASKS I NTO SUB-TASKS ( conttnued ) 

1 -G Trai ni ng 
6/4 7/ l  7/ 1 6  

Corrrnander (A ) ( B ) ( C ) 
Dee� Core Sam�l i ng 

l .  L i ft & Pl ace core bi t ( 1 )  
i nto treadl e .  . 23 . 35 

2 .  Dri l l  core stem i nto 
s urface .  . 23 . 23 

3 .  Remove dri l l  from core 
s tem & pl ace on surface . . 27 . 40 

4 .  As semb l e  & dri l l  3rd & 4th 
core stem secti ons i nto 
s u rface . 1 . 60 1 . 74 

5 .  Assembl e 5th & 6th core s tem 
secti ons onto core stem . . 82 . 69 

6 .  Retri eve dri l l  & attach to 
core stems . . 35 . 48 

7 .  Dri l l  core stem i nto surface . . 22 . 20 

{ 1 0 )  CDR encountered much d i ffi cu l ty removi ng dri l l . 

EVA 2 
8/ l 
( D )  

. 43 

. 35 

2 . 1 8 (1 o) 

3 . 33 

1 . 98 

. 63 
1 . 22 (l l} 

Rat io  EVA 
Data 

(D/C ) Source 

1 .  22 TV 

1 . 52  TV 

5 . 45 TV 

l .  9 1  VTV 

2 . 86 VTV 

1 .  3 1  VTV 
6 . 1 0  VTV 

( 1 1 )  Lunar subs urface rock i s  much  more d i ffi cu l t to penetrate wi th the dri l l  
than the s and at the tra i ni ng  s i te .  
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PARTITION OF TASKS INTO SUB-TASKS 

1 -G Tra i n i ng EVA 1 
Lunar Modu l e  P i l ot 6/4 7/1 7/ 1 6  7/31 

(A) ( B ) ( C ) ( D ) 
LRV Offl oad 

Pu l l  LRV aft cab l e .  NO 4 . 20 3 . 40 3 .  78 ( 1 ) 

LRV Configurati on 
Photo CDR/LRV & con-
fi gure .  4 . 50 4 . 90 4 . 59 4 . 96 

ALSEP I nterconnect 
1 .  Connect power pack to 

centra l s tati on ( C/S ) . 4 . 20 3 . 1 0  3 . 00 4 . 53 
2 .  Dep l oy s ubpa l l et .  2 . 05 1 . 1 0  1 . 00 4 . 06 
3 .  Re l ease & connect S I DE 

7 .  36 (2 ) to C/S . 4 . 00 4 . 68 4 . 99 

PSE Depl oy 
1 .  Remove carry bar from C/S . 1 . 20 . 50 . 33 . 83 
2 .  Al i gn C/S .  . 75 . 77 . 5 1  . 38 
3 .  Unstow PSE s tool . NO . 85 . 92 1 . 06 
4 .  Dep l oy PSE  stool . NO . 80 . 73 . 82 
5 .  Remove C/S dust cover .  . 20 . 60 . 23 . 55 
6 .  PSE depl oy .  3 . 60 ( 3 ) 2 . 90 ( 3 ) 2 . 63 ( 3 ) 3 . 70 
7 .  PSE l eve l and al i gn .  . 80 . 60 . 66 . 93 

( 1 ) The s ubacti v i ty was i nterrupted for . 72 mi n .  when the LMP fe l l .  

( 2 ) LMP had di ffi cu l ty connecti ng S I DE cabl e to C/S . 
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Rati o EVA 
Data 

( 0/C ) Source 

1 . 1 1  VTV 

1 . 08 VTV 

1 .  51 VTV 
4 . 06 v 

1 . 47 VTV 

2 . 5 1 VTV 
. 74 VTV 

1 . 1 5 VTV 
1 . 1 2  TV 
2 . 39 TV 
1 . 40 VTV 
1 . 40 v 

( 3 ) I n  trai ni ng the wi nd caused prob l ems for the LMP dep l oy i ng the therma l s k i rt .  
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PARTITION OF TASKS I NTO SUB-TASKS 

1 -G Tra i n i ng EVA 1 Rati o EVA 
Lunar Modu l e  P i l ot 6/4 7/l  7/ 1 6  7/31 Data 

(A ) (B ) ( C ) ( D ) ( D/C ) Source 
LSM Depl oy 

1 .  Rel ease LSM from C/S . 1 .  50 1 . 30 1 .  50 2 . 60 ( 4 ) 1 .  73 VTV 
2 .  Carry t dep l oy & a l i gn LSM . 5 . 80 4 . 55 4 . 1 7  6 . 02 1 . 44 v 

Suns h i e l d  Dep l oy & ALSEP  Antenna 
I nsta 1 1  at i on 

1 .  Re l ease & rai se suns h i el d .  4 . 40 4 . 30 4 . 22 l l . 27 ( S ) 2 . 67 VTV 

2 .  Compl ete suns h i el d depl oy-
ment .  6 . 00 5 . 50 5 . 03 6 . 02 1 . 1 9  VTV 

3 .  Comp l ete antenna a l i gnment. 2 . 1 0  3 . 1 0  1 . 42 2 . 78 1 . 95 v 

( 4 ) Subacti vi ti es were i nterrupted for . 68 mi n .  when the LMP encountered a PLSS 
p rob l em.  

( 5 ) Hardware mal funct i on : A cord broke requ i ri ng LMP to get down on hands and 
knees to pu l l some p i ns . 



SUB-TASK DESCR I PT I ONS 

Thi s secti on of Append i x  8 presents a fu l l  compos i ti on of 

sub-tasks wh i ch were synopti ca l ly presented i n  the 

previ ous tab l es compari ng the 1 -g tra i n i ng and l unar EVA . 

These s ub-tas ks are those whi ch appear i n  the 1 1Deta i l ed 

EVA Procedures .. secti on of the Apol l o  1 5  Lunar Surface Pro

cedures Document . The number preced i ng the l i s t of sub

tas ks corresponds to  the same number for the snyapt i c  

term i n  the compari son tabl es , pages 5 9  to  64 . 
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SUB-TASK DESCRIPT IONS ( 1 ) 

COMMANDER 

TV Depl oy 

1 .  Unstow and mount TV camera on tri pod . 
Pos i t i on TV at 1 2 : 00/50 ' . 

2 .  Adjust  T V  per MCC reques t .  

LRV Offl oad 

1 .  Depl oy LRV aft cab l e .  
Depl oy ri ght LRV offl oad tape . 
Check LRV rel eased from LM 
Pu l l offl oad tape unti l rear wheel s on surface . 

2 .  Remove ri ght outri gger cabl e .  
Remove l eft outri gger cab l e .  
Pul l offl oad tape unti l front whee l s  on surface . 

LRV Confi gurati on and Traverse Preparation 

1 .  Mount LRV . 
Accompl i s h LRV post-dep l oy checkl i st .  

2 .  Mount TCU on front of  LRV . 
Connect TCU power cab l e .  

3 .  Unstow rake and move as i de on MESA . 
Open LRV antenna stowage can .  
Unstow LGA from cann i s te r .  
Mount LGA i n  CDR handhol d .  

4 .  Unstow HGA from canni ster . 

5 .  Mount HGA o n  LRV . 
6 .  Rotate antenna onto staff .  

Unstow cabl e .  
Connect HGA cab l e  to LCRU . 
Retri eve and carry TV camera/tri pod to +X s trut . 
TV power swi tch-off . 
Di sconnect and s tow TV cab l e .  
Remove T V  camera from tri pod . 
Mount TV on TCU . 
Connect TV power cab l e .  

( l ) a .  Tasks ( underl i ned ) correspond to those l i sted i n  thi s  Append i x ,  
pages 59 to 64 . 
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b. Sub-tasks  ( numbered ) are not neces sari ly  a l l those requi red for the 
Task , but are restri cted to those for wh i ch ana l ys i s  t imes are avai l 
abl e .  

c .  Some sub-tas ks ( e . g . , LRV Offl oad , 1 )  cons i s t  of more than one e l e-
ment ; e l ements are l i sted i n  sequence and make  up  the s ub-task . 



HFE Depl oy 

1 .  Offl oad LR and set on surface . 
Offl oad dri l l  and set on surface . 
Re l ease H FE pal l et Boyd bol ts . 
L i ft H FE pa l l et from power package . 
Carry HFE pal l et 1 5 '  N .  of C/S . 
Uns tow HFE connector . 
P l ace HFE pal l et on s urface . 
Connect HFE cabl e to C/S . 
Carry H FE pa l l et 30 ' N .  of C/S .  
P l ace HFE pal l et on s urface and fol d  b races . 
T i p pa l l et down . 
Re l ease probe box Boyd bol ts . 
L i ft probe box from pal l et .  
Separate box and l ean probe w i th tool agai nst  pa l l et .  
Carry othe r probe to dri l l  s i te ,  dep l oy i ng cabl e .  
P l ace probe on surface . 
Carry fi rst probe to dri l l  s i te ,  depl oy i ng cab l e .  
P l ace probe on surface . 

2 .  Re l ease e l ectroni cs box Boyd bo l ts .  
L i ft el ectroni cs box from pal l et .  
P l ace box on surface . 

3 .  Remove dus t cover.  
Level and a l i gn el ectroni cs box . 
Throw pal l et cl ear of area . 
Wa l k  to LRV . 
Erect LMP seat post and l ower seat pan . 
Retri eve dri l l  from surface . 
P l ace dri l l  on LMP seat .  
Push  dri l l  swi tch to  test dri l l .  
I nsta l l handl e on dri l l .  
Remove rack from treadl e  and dep l oy rack l egs . 
P l ace rack on s urface . 
Remove dri l l  from treadl e .  
Carry dri l l  and rack to  fi rst dri l l  s i te .  
P l ace rack and dri l l  o n  surface . 

4 .  Remove and di scard stem cover .  
Rel ease stem reta i ni ng Vel cro .  
As semb l e  fi rst two bore stem secti ons .  

5 .  Carry rack rod and dri l l  to second s i te .  
P l ace equi pment on  s urface . 
As semb l e  fi rst two bore stems secti ons . 
I nsert secti ons i nto dri l l  chuck . 
Set dri l l  b i t  down on s urface at mark on HFE cab l e .  
Dri l l  bore stems i nto surface . 

6 .  Remove dri l l  from bore stems . 
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Deep Core Sampl i ng - EVA 2 

1 .  L i ft dri l l  and p l ace core b i t  i nto treadl e .  

2 .  Dri l l  core stem i nto surface . 

3 .  Remove dri l l  from core s tem and pl ace o n  surface . 
4 .  Assemb l e  thi rd and fourth core stem s ecti ons . 

Thread secti ons onto stem . 
Retri eve dri l l  and attach dri l l  to core stem . 
Dri l l  core stem i nto surface . 
Remove dri l l  from core stem and pl ace on s urface . 

5 .  Assembl e fi fth and s i xth core s tem secti ons . 
Thread secti ons onto core s tem . 

6 .  Retri eve dri l l  and attach dri l l  t o  core stem . 

7 .  Dri l l  core s tem i nto s urface . 

LUNAR MODULE P I LOT 

LRV Offl oad 
1 .  Pu l l LRV aft cab l e  as requ i red to offl oad LRV . 

LRV Confi gurati on 

1 .  Photo CDR/LRV , 1 6mm camera . 

ALSEP 
1 .  

S tow 1 6mm on LRV . 
Unstow 70mm from MESA . 
Remove fi l ter  and reseal cover from 70mm and stow .  
Obtai n magazi ne from ETB and attach to 70mm camera .  
Stow 70mm camera i n  CDR fl oor pan . 

I n terconnect 
Di sconnect power package from bar .  
Repos i ti on power package 1 0 •  Eas t .  
Remove HFE stowage p i ns . 
Ti l t  power package down . 
Rel ease RTG cab l e  Boyd bo l ts .  
Dep l oy RTG cab l e  and d i scard cab l e  
Report shorti ng swi tch readi ng .  
Connect RTG cabl e to C/S .  

ree l . 

2 .  Re l ease subpa l l et Boyd bol ts . 
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L i ft subpa l l et from power package and p l ace 1 0 •  N .  of power package . 



3 .  Re l ease S I DE Boyd bol ts and CCIG cover .  
L i ft S I D E  from s ubpa l l et .  

· 

Remove Boyd bol t b l ock i ng cab l e  reel . 
Uns tow cab l e  reel . 
Depl oy S I DE l egs and pl ace S IDE  on surface . 
Unstow S I DE cab l e  connector .  
Open EXPTS . package dust cover .  
Connect S I DE cab l e  to  C/S . 

PSE Depl oy 

1 .  Remove carry bar from C/S . 

2 .  Ti p C/S down and a l i gn .  

3 .  Stow carry bar on s ubpa l l e t .  
Unstow P S E  stool from s ubpa l l e t .  

4 . Carry PSE stool g •  W .  o f  C/S . 
Impl ace PSE stool . 

5 .  Remove C/S dust cover .  

6 .  Rel ease PSE Boyd bol ts . 
Carry PSE to stool . 
Remove Boyd bol ts from PSE . 
P l ace PSE on stool . 
Depl oy therma l s ki rt .  

7 .  PSE l evel and a l i gn .  

LSM Dep l oy 

1 .  Rel ease LSM Boyd bo l ts .  
Remove t i e  down and d i s card . 
L i ft LSM from C/S . 

2 .  Check cab l e  free of sunsh1 el d .  
Carry LSM 50 1 W . NW . •  dep l oyi ng cab l e .  
Sel ect LSM s i te .  
Remove stowage bracket . 
Dep l oy l egs . 
Al i gn LSM and p l ace on surface . 
Remove from col l ar .  
Depl oy sensor arms . 
Remove dust covers and PRA covers . 
Al i gn and l evel LSM. 
Check doors open . 
Report l evel and a l i gnment . 
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Sunsh i e l d  Depl oy and ALSEP  Antenna I nsta l l ati on 
1 .  Re l ease perimeter Boyd bol ts . 

Rel ease two i nner Boyd bol ts . 
Rel ease center Boyd bol t and rai se  s unsh i e l d .  

2 .  Remove s i de curta i n  covers and d i scard .  
Check s i de curta i n  and engage Vel c ro tabs . 
Retri eve and i ns tal l antenna mas t .  
Rel ease antenna g imbal Boyd bol ts . 
Remove g i mbal from s ubpal l et .  
Remove g i mbal hous i ng cover .  
Insta l l g i mbal on  mas t .  
Remove hous i ng and di s card . 
I nstal l antenna on g i mbal . 

3 .  Check C/S a l i gnment . 
Level and al i gn antenna base . 
Enter el evati on and azi muth offsets . 
Report antenna l eve l and a l i gnment . 
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