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PREFACE 

Thi s  report presents the resu l ts of the T ime and Moti on Study per

formed on Apol l o  1 6  as authori zed by the J-2 Mi s s i on Requ i rements Docu

ment (MRD). Thi s  study is the respons i bi l i ty of the L i fe Sci ences Di rec

torate (LSD ) and is performed by Fordham Un i vers i ty under NASA Contract 

NAS 9-1 1 839 . 

As stated i n  the MRD ( Sect i on 4 ,  Deta i l ed Obj ecti ves ) ,  the purpose 

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

consi stency between g round-based and l unar  surface task dexteri ty and 

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

performi ng t ime and moti on s tudi es of the crewmembers duri ng thei r sui ted 

extravehi cul a r  acti vi ty (EVA ) s i mu l ati ons at Kennedy Space Center (KSC ) .  

Lunar su rface data cons i sted of tel evi s i on, mot i on pi cture fi l m ,  a i r-to

g round voi ce transcri pti ons made duri ng the l unar l andi ng v i si t  and sub

jecti ve comments made duri ng astronaut debri efi ng fol l owi ng the mi ssi on . 

No spec i f i c  crew tasks were requ i red to support thi s  obj ecti ve. 
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SUMMARY 

The T ime and Moti on Study of astronaut l unar surface act i vi ty on 

Apoll o 16 cons i s ts of fi ve d i sti nct  analyses: an eval uati on of l unar 

mobili ty ,  a compari son of tas k  performance i n  1 -g tra i n i ng and lunar EVA , 
a study of metabol i c  costs and adaptati on , a di scussi on of fa l ls and 
retri eva l of fall en obj ects . 

Two bas i c  mobi l i ty patterns , the hop or canter and the tradi t i onal 
wal k i ng gai t ,  were consi s tently uti l i zed i n  l onger traverses . The meta 
boli c ra tes assoc i iited wi th these two mobi li ty types -- each used by a 
di fferent astronaut - - were rel at i vely equ i valent .  

The time to perform tas ks on the luna r s urface wa s sign i fi cant l y  
longer (on the order of 70% ) than the t ime t o  perform the same ta sks  dur

i ng the las t  1 -g trai ni ng sess i on .  These results corroborated the fi nd ings  
on Apo l l o  15 and  were not s i gn i fi cantl y d i fferent from them .  

Metabol i c  rates ( BTU/h� ) assoc i ated wi th tas k  performa nce duri ng the 

las t  1 -g tra i ning ses s i on were approx imately 90% h i gher than those on the 
lunar s u rface . The average metabol i c  cost  ( BTU ) , however , was only 
sli ght ly  hi gher i n  the tra i n i ng sess i on ,  because l unar tas k  time was 
apprec i ably longer . 

There was general improvement i n  l unar EVA performance upon repeti ti on 
of tas ks . Metabol i c  rate (BTU/h�) and metabo l i c  cos t (BTU ) decreased over 
succes s i ve EVAs . Speci fi ca l ly ,  the metabol i c  rate associ ated wi th ri di ng 
the lunar roving vehicl e  (LRV ) decreased by a pproximatel y 18% from EVA 

to EVA 2 and by 1 5% from EVA 2 to EVA 3 .  

Fa l ls observed on Apoll o 1 6  seemed rela ted to the method used i n  
retri evi ng fallen obj ects and i n  operati ng the penetrometer . 



Sect i on I 
QUANT ITY AND QUAL I TY OF DATA 

A .  GENERAL COMMENT 

Time and Moti on Study (TAMS ) personnel observed all three Apollo 1 6  

EVAs i n  real time a t  the Manned Spacecraft Center (MSC ) bui l di ng 36 , room 

210 . The qual i ty of the tel ev i s i on (TV ) coverage was j udged to be parti -

cu l ar l y  good . I n  addi ti on , there was an abundance of data avai l abl e for 

a na lys i s .  

B .  TELEV I S I ON 

Probl ems associ ated wi th Apol l o  1 5  data , such a s  frequent panni ng and 

zoomi ng, were not present i n  the Apoll o 1 6  data . A previ ous l y  unexperi enced 

problem was the los s  of TV coverage for the i ni t i al pha se of EVA 1 acti vi ty 

due to the luna r modul e (LM ) S-Band a ntenna fa i lure . For the rest  of EVA 1 

and the other EVAs the TV coverage wa s very good . 

There were only two major  dev i a ti ons from the pl anned TV coverage ,  

these bei ng the l oss  of i n i ti a l  EVA 1 acti vi ty (menti oned above) , and those 

EVA 3 acti vi ti es el imi nated beyause of the shortened EVA 3 peri od . Of the 

acti vi t i es l os t , the more important were the i n i t i al EVA 1 acti v i t i es such 

as LM egres s ,  LRV offl oad , LRV confi gura t i on , and fa r-ultrav i olet (Far-UV ) 

camera deployment . 

The overal l di recti on of the TV camera by ground control duri ng a l l 

three EVAs was generally excell ent . Some tas ks , however ,  performed by the 

commander (CDR ) duri ng Apol l o  lunar s urface experiment package (ALSEP ) 

depl oyment and observed on previ ous Apoll o fl i ghts , could not be v i ewed on 

the TV. The qua l i ty of the k i nescopes was the bes t  rece i ved to date . 

TV coverage  of Apol l o  1 6  i n troduced data wh i ch had been l acki ng from 

previ ous mi s s i ons . There were several l ong traverses compl ete ly  v i s i b l e  
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to the vi ewer and the amount of crew acti v i ty i n  the fi el d of v i ew exceeded 

that of a ll  other mi s s i ons . The end resu l t i s  a representati ve cros s sec

ti on of crew geologi cal acti v i ti es and vari ou s modes of locomoti on . 

C .  16mm LUNAR SURFACE COLOR MOT ION P I CTURE F I LM 

It was anti ci pated that one magazi ne of fi l m  woul d be devoted to eval

uati ng crew mobi li ty .  However, the earl y termi nati on o f  EVA 3 brought 

about a cancellati on of th i s  test . 

The fi lm that was exposed on the lunar surface i s  spectacular and of 

the fi nest qual i ty taken to date . Because most  of the f ilm was shot dur

i ng LRV ri des, the data obtai ned bea r li ttle relevance to TAMS obj ecti ves . 

D .  VO ICE  DATA 

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

were pa rti cularly important i n  analyz i ng the TV data because the ti me 

encoded on the k i nescopes has not been accurate i n  some i nstances . 

E .  ASTRONAUT TECHN ICAL DEBR I EF I NG COMMENTS 

The debri efi ng comments provi ded addi ti onal i nformat i on about terra i n  

characteristi cs, su i t comfort and capabi l i ty ,  and work performance . 

F .  PHYS IOLOG I CAL DATA 

Metabol i c  and heart rate data are rel ated to c rewman activi ty where 

such ana lyses are feas i bl e  and meani ngful . 

G.  EVA T IMEL I NES 

The EVA t imeli nes, as determi ned by TAMS analys is , may be found i n  

Appendix A .  These were determi ned from k i nescopes and voi ce transc ri pts .  

Wi thi n each EVA, a table i s  all otted to each  crewman . 



A .  I NTRODUCT ION 

Secti on I I  
MOBI L ITY EVALUAT I ON 

Lunar mob i l i ty on two pri or mi s s i ons  has been ana lyzed and reported 

previ ou s l y  by Ml 51 , T ime and Moti on Study . l , 2 Apol l o  1 6  provi ded addi -

3 

ti ona l  data for further understandi ng of  thi s acti vi ty .  Agai n ,  no seri 

ous probl ems devel oped , and the c rewmen readi l y  adapted to the l unar env i-

ronment .  

On Apol l o  16 , two di sti nct  types of mob i l i ty were used for those trav-

erses greater than 5-10 feet . The CDR used a wal k i ng gai t ,  whi l e  the 

l unar modul e pi l ot ( LMP ) general l y  used the hoppi ng mode . I n  addi ti on , 

both crewmen used the s i de-step i n  movi ng s hort di stances , especial l y  

whi l e  worki ng around equ i pment , or performi ng other tasks  such as photo

graphy , etc . One general feature of a l l mobi l i ty i s  the vari ati on i n  s tep 

or s tri de ( two success i ve s teps ) l ength , a l though the average number of 

s tri des per t ime un i t  i s  qu i te cons i stent from one traverse to the next . 

The terrai n condi ti ons undoubtedly  contri bute to the uneven stride and 

step pattern . 

B .  METHOD OF ANALYS I S  

Wh i le a l arge number o f  mobi l i ty segments occurred duri ng Apol l o  16, 

only ni ne were su i tabl e  for ana l ys i s .  The pri nci pal reasons for th i s  were 

that ( l ) the crewmen moved di rectly  toward or away from the camera , and 

(2 ) the camera panned and zoomed duri ng traverses . Both of these condi -

1Fordham Un i vers i ty ,  ANALYS I S  OF APOLLO X I  LUNAR EVA (MOB I L I TY EVALUA
T I ON ) , 1970 . 

2Fordham Uni vers i ty ,  APOLLO 1 5  T IME AND MOT I ON STUDY (F I NAL REPORT ) ,  
1972 . 
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t i ons made accurate di s tance determi nati on di ffi cul t .  Al so a t  t imes only 

porti ons of the crewmen were v i s i bl e .  When the camera i s  a t  maximum or 

mi n imum focal l ength , and the crewman i s  compl etely  i n  v i ew ,  the d i s tance 

from camera to crewman can be determi ned . Otherwi se measurements such as  

l ength of  s tri de have to be  determi ned by us i ng a known measurement (e . g . , 

hei ght of crewma n )  and sca l i ng the des i red measurement . Thi s  l atter method 

was used i n  most  mobi l i ty ana lyses . 

C .  ANALYS I S  OF SPEC I F I C  TRAVERSES 

Tabl e 1, Mob i l ity Eva l uati on , l i sts the perti nent data on seven mobi l 

i ty travers es wh i ch were su i tab l e for compl ete ana l ys i s .  Two of these , 

segmen ts 2 and 7, are d i s cussed i n  deta i l i n  Appendi x  B .  One other trav

erse , the ALSEP traverse , i s  covered i n  Secti on D bel ow and i n  Appendi x  B. 

Certa i n  genera l trends i n  mobi l i ty rates and other measures can be 

noted . Wi th the excepti on of  segment 2, the terra i n  was l evel , wi th on l y  

s l i ght  i ncl i nes or downh i l l  s l opes . Thus , no data are ana l yzed for effect 

of s l ope . Mobi l i ty rate , l ength of s tri de , and metabo l i c  rate tend to 

i ncrease wi th distance covered i n  traverse .  Other vari ab l es such a s  ob-

j ects ca rri ed, nature of terrai n ,  precedi ng acti v i t ies , moti vati ona l or 

other s i tuati ona l condi ti ons , etc . , i nfl uence these factors . Shorter trav-
' 

erses (e . g . , 2 3-25  ft . } ,  showed mob i l i ty rates at l ess  than 2 . 0  ft . / sec . , 

stri de l ength l ess  than 3 . 0  feet , and metabol i c  rates l es s  than 1000 BTU/h r .  

An exception t o  thi s was the short beg i nni ng segment o f  the ALSEP travers e ,  

wh i ch i s  reported i n  Secti on D bel ow . For l onger traverses ( e . g . ,  50 ft . 

or more ) the mobi l i ty rates exceeded 2 . 0  ft . / sec . , the s tri de l engthened 

rang i ng from 3 . 4  to 4 . 6  feet , and metabol i c  rates exceeded 1100 BTU/hr . 

Excepti ons occur here a l so . For exampl e ,  segment 1 i n  Table 1 ,  s hows a 



l 
Seg. : Crew- . Clock 
No. �ian T i me 

' I 

I 
I 

1 I LMP 5 : 10 : 26 
I EVA 1 I 

I CDR
3 

2 : 15 : 15 2 

I EVA 2 
. 

3 ! LMP 3 : 40 : 31 
EVA 2 

4 LMP 6 : 34 : 44 
EVA 2 

5 LMP 1 : 42 : 47 
EVA 3 

6 LMP 1 : 43 : 07 
EVA 3 

7 CDR
3 

2 : 20 : 00 

J Dist. l Time2 
i (ft.) 1 (sec. ) 

i 

53 30 . 9  

169 76 . 0  

23 1 1 . 6  

54 2 1 . 7 

25 1 5 . 8  

25 1 5 . 3  

297 99 . 0  

Ta bl e 1 
MOB I L I TY EVALUAT ION 

Rate Avg. Strides 
(ft./sec.) Stride Per min. 

Length 
(ft . )  

1 .  73 2 . 8  36 . 0  

2 . 22 4 . 2  32 . 0  

1 . 98 2 . 9  41 . 4  

2 . 49 3 . 4  44 . 4  

1 . 58 2 . 3  42 . 0  

1 . 63 2 . 3  43 . 2  

3 . 00 4 . 56 39 . 5  

L-_j_ EVA 3 I 

1Hours, minutes and seconds into EVA 
2Seconds required to traverse distance 
3See Appendi x B for detail analysis 

Metab. 
Rate 
(BTU/hr. )  

6 52 

767 

818 

1 464 

890 

898 

1 1 1 2 

Conditions 

Level, small rocks, 
carryi ng scoop . 

Downhill, carrying 
rake and gnomon . 

Level to uphill, small 
rocks , carryi ng tongs . 

Level, loose soil, 
carrying penetrometer . 

Level, small 
to l arge rocks . 

Same �s Seg . 5 , but 
carry1ng s coop . 

Level with depres-
sions, few large rocks. 

l11 
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l ower rate and s tri de l ength , but a l so a very l ow metabo l i c  rate , i ndi cati ng 

a l es s  than average energy expendi ture for the 53 foot traverse . 

The above mobi l i ty exampl es are based on compl ete traverses , or nearly 

so , i n  that in  some cases the  TV  camera mi ssed a sma l l part of the s tart 

or  end of a traverse .  Apol l o  1 5  ana lys i s s tudi ed s hort segments o f  trav

erses to  determi ne spec i fi c  types and  modes of accompl i s hi ng mobi l i ty .  

The speci fi c types were repeated i n  thi s mi s s i on ,  but wi th the CDR bas i 

cal l y  us i ng the 1 1Wa l k , 11 the LMP us i ng the 11hop . 1 1 Ba sed on the analys i s 

of the traverses reported herei n ,  p l us the l es s  ri gorous ana lys i s  of 30 

other traverses , no rea l di fference appea rs to exi st  i n  the res u l ts of 

these two types . I n  one spec i fi c  case (segment 7 i n  Tab l e 1 )  both the CDR 

and the LMP compl eted the traverse s i mu l taneous l y ,  each us i ng h i s own 

mob i l i ty type . The metabo l i c  rate for the LMP was 1 1 85 BTU/hr . ,  compared 

wi th the CDR's rate of 1 1 1 2, i ndi cati ng rel at i vely equi va l ent expendi tu re 

rates . 

The pri nci pa l di fference i n  the two types of mobi l i ty i s  i n  str ide 

l ength . The wal k i ng type mobi l i ty genera tes a s tri de l ength i n  excess of 

4 feet , whi l e  the hoppi ng type i s  genera l l y  l es s  than 3 feet . Excepti ons 

to the l atter appear when the LMP was carryi ng the ALSEP package i n  the 

early parts of h i s traverse ( see Tabl e 2, LMP ALSEP Traverse, and Appendi x 

B ) . Here he was exerti ng cons i derabl y more effort , as evi denced by the 

BTU/h r .  ra tes , resu l ti ng i n  l arger hops . In the part of the traverse fo l 

l owi ng recovery of the fal l en ALSEP package , the LMP uti l i zed a fast  wa l k  

wi th the same stride l ength , but much more rapi d rate of stri de . The 

excepti onal ly  h i gh effort i nvol ved i n  wal k i ng at the rate of 3 ft . / sec . 

wi th a 41 pound ( l unar wei gh t )  l oad i s  s hown by the 2 300 BTU/hr .  metabol i c  

rate . 
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D. ALSEP TRAVERSE 

At 1 . 67 hours i nto EVA 1 ,  the LMP carri ed two l a rge packages from the 

LM toward the ALSEP s i te, a di s tance of about 2 30 feet . Each of the pack

ages was approxi mately 21 pounds l unar wei ght, and approxi mately 2 5X27X21 

i nches i n  di mens i on .  They were carri ed a t  s hou l der hei ght, one on each 

s i de, by means of a 11 ba rbel l 11 arrangement . Early i n  the traverse, due to 

a ma l functi on of the reta i n i ng c l i p, Package #2 , the rad i oi sotope thermo

el ectri c generator ( RTG ) package fel l to the s urface . The LMP reacted to 

th i s  by stoppi ng qui c kly, experi enc i ng temporary i mba l ance, but not fa l l i ng .  

In about 6 seconds he had recovered, turned 90° and l ocated the package . 

He reassembl ed the package to the support i n  s l i ghtly l ess  than 3 mi nutes 

and conti nued toward the ALSEP s i te, coveri ng 1 80 feet up a s l i g ht i ncl i ne 

( 5% )  i n  1 mi nute, or  at  a rate of  3 . 0  ft . /sec . 

Deta i l ed ana lys i s  of the i ndi v i dual segments, or  porti ons thereof, 

a re g i ven i n  Appendi x B and  a re summa ri zed i n  Tabl e 2 .  The outstandi ng 

fea tu res observed i n  thi s traverse are : 

1 .  Change from 1 1 hoppi ng .. type mob i l i ty .  After the RTG package fel l ,  

the LMP changed to a 11Wa l k i ng11 mode . 

2 .  Hi gh ra tes of traverse a nd energy expendi ture . Short i ni ti a l 

segments of approximately 20 feet and 52 feet were covered at rates of 

2 . 3  ft . /sec . and 2 . 1 5  ft . /sec .  respecti vel y .  Appendi x B i ncl udes porti ons 

of these as Segments 1 ,  2 ,  and 3 wi th  deta i l ed analyses . These segments 

a re only porti ons of the tota l ALSEP traverse .  The h i gh 1 600 BTU/ hr . meta

bol i c  rate for these segments i s  a l so s i gn i fi cant, and resu l ts from a com

bi nati on of mobi l i ty rate and l oad . Dur i ng these segments the LMP used 

the hoppi ng type mobi l i ty referred to above . 



Tabl e 2 
LMP ALSEP TRAVERSE 

i Seq . \ 1 ! 
t:. T i me Cum . Di st . Rate Avg . S tri des Metab. Comments 1 No. I (sec.) T ime (ft.) (ft./sec . )  S tri de Per min. Rate I 

(sec . )  L ength (BTU/hr . )  I I (ft . )  
i 

! 

I Hoppi ng type I 
I 1 08 . 7  08 . 7  20 2 . 30 3 . 33 41 . 4  1 600 l ocomoti on . 
I 

I Stopped to 
2 06 . 0  1 4 . 7  a djust l oa d .  

I 

-------

I Hoppi ng type L -- ---·- --- -- - -·· - - - -- . 
l ocomoti on, I seq . ends when 

3 25 . 3  40 . 0  52 2 . 15 3 . 43 36 . 6  1 600 RTG pkg . fa 1 1  s . 

Reassembl e 
4 1 7 4 . 5  2 1 4 . 5  1 992 ALSEP package . 

Wa l k i ng type 
5 60 . 5  275 . 0  1 80 2 . 98 3 . 43 52 . 5  2300 l ocomoti on . 

Set ALSEP pkg . 
6 60 . 0  335 . 0  2134 down, rest . 

·-· ·  � - � -

Rest , comment 
7 60.0 395 . 0  1497 on ALSEP s i te . 

--t-- --·· 

Same as  
8 60.0 455 . 0  1282 Sequence 7 .  

--
1 00 
Cond i t i ons: Terra i n  general l y  even and l evel wi th few rocks .  The l a st 180 feet (Seq . 5 ) was 

up a s l i ght s l ope of approx i mately 5% . 
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After the dropped package was reassemb l ed (a 2 . 91 mi n .  operat i on wi th  

an average metabol i c  rate of 1 992 BTU/h r . ) the LMP pi cked up the package 

and moved toward the ALSEP s i te a rea . Thi s 1 80 foot di stance was covered 

i n  j ust  over 60 seconds, up a s l i ght  (approxi ma tely 5%)  i ncl i ne, over 

rel ati vel y  even, uncl uttered terra i n for an average rate of 3 . 0  ft . /sec . 

The heavy 1 1WOrkl oad 1 1 of th i s  segment i s  evi denced by the metabol i c  rate 

of 2300 BTU/ h r .  Thi s  was one o f  the h i ghest rates regi s tered by the LMP 

on any EVA . Tabl e 2 s hows a l so that the LMP made qui ck  recovery from the 

h i gh energy rate . The BTU rate dropped from 2300 to 1 282 BTU/h r .  i n  3 

mi nutes . Duri ng th i s  traverse the s tri de rate was a l so hi gh, at  52 . 5  

str i des/mi n . , or  1 05 s teps/mi n .  ( For compari son, a 3 mi l e/hr .  wa l k i ng 

rate and a 30 i n .  step i s  consi dered a good pace for a man on ea rth . At 

thi s pace he i s  taki ng 1 05 . 6  s teps/mi n . ) The enti re ALSEP traverse was 

an exampl e of maximum or  near maximum effort over a nearly 5 mi nute peri od 

( total 4 . 62 mi n . ) . 

3 .  Rea cti on to l oad, and emergency . Thi s was the bul k i est  and heavi 

est l oad carri ed by a crewman under l unar condi ti ons . The event of the 

package fa l l i ng was met wi th qui ck reacti ons a nd prompt correct i on .  But 

the energy cost of the total effort was unusua l l y hi gh, and such perfor

mance probab ly  cannot be ma i nta i ned for l ong peri ods of ti me .  

E .  GENERAL SUMMARY 

1 .  Analys i s  of l onger, compl ete traverses aga i n s howed the excel l ent 

adaptabi l i ty of crewmen to the l unar envi ronment .  One measure of th i s  

adaptabi l i ty was evi denced by the s tri des per mi nute whi ch i ncreased from 

an  estimated average of a bout 35 on EVA 1 to better than 40 on EVAs 2 and 

3 .  Each  crewmember chose to uti l i ze a type of mob i l i ty whi ch seemed to 



su i t  h i m  best . The CDR used a more conventi ona l wa l k ,  wh i l e  the LMP 

adopted the now fami l i ar  hoppi ng type l unar  mobi l i ty .  Each was equa l ly  

successfu l i n  mov i ng about on  the l unar surface , wi th comparab le  expen

di ture of energy . 

2 .  Apol l o  1 6  provi ded the opportuni ty to study the carryi ng of a 

l arge , bu l ky l oad  over a cons i derabl e di s tance . The LMP carri ed the 

1 0  

ALSEP package a di stance of over 250 feet toward the ALSEP si te a t  a faster 

than average rate . Wh i l e  the energy expendi tu re was h i g h  ( 2300 BTU/ hr . 

for a segment l asti ng one mi nute i n  whi ch 1 80 ft . were traversed ) ,  th is  

part i cu l ar traverse di d demonstra te the capabi l i ty of a crewman to  carry 

a heavy , bul ky obj ect some di stance at a fast  rate . An i nteresti ng fea 

ture of the traverse was that the LMP changed from h i s  usual hoppi ng type 

of mobi l i ty to a wa l k i ng type duri ng the l ong traverse . 

3 .  The genera l mobi l i ty patterns , except a s  menti oned above for the 

di fferent types used , were essenti a l ly  s imi l ar to those of previ ous 

Apol l o  mi ssi ons . The l unar soi l characteri st i cs cause uneven stri des , 

and occasi onal change from wa l k  to hop and v i ce versa . However, no major 

probl ems presented themsel ves , and adapta bi l i ty to l una r mobi l i ty was 

agai n demonstrated . 



Secti on I I  I 
T IME COMPARI SONS : LUNAR WORK PERFORMANCE AND 1 -G TRA IN I NG 

A .  I NTRODUCT ION 

1 1  

The objecti ve of thi s  secti on i s  to compare the ti me i t  ta kes to com

pl ete a task duri ng l unar EVA wi th the t ime to perform the same task i n  

the l ast sui ted EVA trai ni ng sessi on on earth . 

Comparabl e tasks have been analyzed as wel l as those sub-tasks wh i ch 

were free of anomal i es .  I n  addi t i on , tasks performed i n  i denti ca l fash 

ion  duri ng Apo l l o  1 5  and 1 6  were g i ven separate treatment . 

The te rms used -- task , sub-task , el ement -- are descri bed as fo l l ows . 

"The l a rgest acti vi ty segment i s  the task, a comp l ete , i denti f i abl e acti v

i ty wi th a si ngl e  pu rpose . . .  The  fi rst l evel of  task breakdown i s  the 

sub-task . A sub-task i s  i denti fi abl e as a compl ete uni t of work wi th i n  

i tsel f, and only has rel evance as i t  fi ts i nto the patterned sequence of 

a tota 1 task . An el ement i s  the sma l l est uni t of work  whi ch i s  sti l l  

i denti fi abl e and homogeneous 11 {pp . 1 7- 1 8 of Apol l o  1 5  T ime and Moti on 

Study Fi nal Report ) .  

B .  TASK T IME COMPAR I SONS ( LUNAR EVA AND 1 -G TRA I N I NG )  

The tasks chosen were those for whi ch t ime anal yses cou l d  be made over 

the complete task . Tabl e 3 l i sts the acti v i ti es ,  performance t ime duri ng 

trai ni ng sessi ons, performance t ime on the l unar surface , and the source 

of the data . I t  a l so presents the rati o of the EVA ti me and the l ast 1 -g 

tra i n i ng ti me ( D/C  col umn i n  the tabl e ) . Tra i n i ng t imes were obta i ned 

through di rect observati on ; EVA ti mes were determi ned from k i nescopes (TV ) 

and voi ce ( V )  transcri pts . 



Tabl e 3 
APOLLO 1 6  

TIME COMPARI SONS : LUNAR EVA AND 1 -G TRA I N I NG TASKS 

Tas k  1 -G Tra i n i ng ·ses s i on 
2/24/72 3/29/72 

( A )  ( B )  

A .  Commander 

1 .  Offl oad LRV 1 0 . 50 1 0 . 1 0  

2 .  Setup LRV 5 . 1 0  4 . 1 0  

3 .  Offl oad Far U . V .  9 . 80 8 . 40 

4 .  Load LRV 1 4 . 75 1 6 . 25 

5 .  F l ag Dep l oy 4 . 01 4 . 90 

6 .  Connect RTG 6 . 60 7 . 1 5  

7 .  Deploy PSE 8 . 30 5 . 90 

8 .  Remove LSM 1 . 40 1 . 35 

9. Erect Centra l 
Stati on 1 N/0 4 . 95 

1 0 .  Depl oy LSM N/D . 5 -.45_ 

1 1 . Depl oy Geophones N/D 1 0 . 60 

B. Lunar Modu l e  P i l ot 

1 2 . Setup LRV 3 . 20 3 . 50 

1 3 .  ALSEP Package 
Pl acement & Depl oy 
HFE Hardware 9 . 85 1 3 . 39 

TOTAL FOR CDR & LMP 96 . 04 

1 Not i nc l udi ng fa sten i ng thermal curta i ns 
V - Voi ce 
TV- Tel evi si on 
N/D - No Data 

4/ 1 1 /72 
( C )  

7 .30 

4 . 20 

8 . 75 

1 3 . 85 

3 . 30 

7 . 60 

5 . 70 

1 . 40 

4 . 70 

.. .4 . 05 

8 .90 

3 . 40 

1 0 . 00 

83 . 1 5  

EVA 1 Rati o 
4/21 /72 

( D )  ( D/C ) 

1 2 . 37 1 . 69 

5 . 88 1 . 40 

1 7 . 67 2 . 02 

20 . 68 1 . 49 

7 . 1 3 2 . 1 6  

1 2 . 52 1 . 65  

1 0 . 70 1 . 87 

2 . 1 2  1 . 51  

7 . 80 1 . 66 

6 . 52 1 . 61 

1 2 . 90 1 . 44 

5 . 45 1 . 60 

23 . 08 2 .  31 

1 44 . 82 1 .  74 

1 2  

EVA 
Data 

Source 

v 

v 

v 

VTV 

VTV 

v 

VTV 

TV 

VTV 

TV 

VTV 

v 

VTV 



The data i n  Tabl e 3 confi rm the resul ts obta i ned for Apol l o  1 5 . I t  

took more t ime to  perform acti v i ti es on  the  moon than i t  di d dur i ng the 

l ast 1 -g tra i n i ng �essi on at KSC . The t i me i ncrease ranges from 40% 

1 3  

( D/C rati o 1 . 40 )  to 1 3 1 %  wi th the average i ncrease bei ng 74% . Th i s  a ver-

age is  sl i ghtly l arger than the average i ncrease of 58% obta i ned on 

Apol l o  1 5 . The di fference i s  not stati sti cal ly  si gni fi cant . 

C .  I DENTI CALLY PERFORMED TASKS ( APOLLO 1 5  AND APOLLO 1 6 )  

The sl i ghtly l arger overa l l 0/C rati o for Apol l o  1 6  cou l d  be due to 

a number of factors among whi ch a di fference i n  task requi rements from 

Apol l o  1 5  to Apol l o  1 6  mi ght  be.rel evant .  To offset such di fferences 
' 

onl y  those tasks whi ch  were performed i n  i dent i ca l  fash i on dur i ng Apol l o  1 5  

and 1 6  are i ncl uded i n  Tab l e  4 . · 

The outstandi ng features of thi s  tabl e a re the consi stenci es ,  espec i 

al ly  those observed i n  the EVA ·, col umn� I n  three of the four tasks , 

there i s  a lmost exact correspondence i n  ;unar performance ti mes for 

Apol l o  1 5  and Apol l o  1 6 . The only di scr!pancy i s  i n  Depl oy PSE wh i ch took 

apprec i ably l onger to do on Apol l o  1 6 .  t:ontrar i wi se ,  performance ti me for 

th i s  task duri ng the l ast tra i n i ng sessi ),, ( Co l umn C )  was apprec iab ly  

shorter on Apol l o  1 6 .  The combi nati on  o� these effects produced the  l a rge 

d iscrepancy i n  the D/C rati os . Neverthel� .s , cons i deri ng the va ri ed na ture 

of the tasks , the comp l exi ti es of the con< \ ti ons under wh i ch they were per

formed , and the i nherent i ndi vi dua 1 d i  ffe1 \
.
nces i n  performance styl e, i t  i s  

a remarkabl e fact tha t the congruences beb�en Apol l o  1 5  and Apol l o  1 6  per

formance ti mes were as cl ose as i ndi cated i � Tabl e 4 .  

\ I 
I 
\ 
) 

) \ 
\ 



Tabl e 4 
COMPARISONS OF TASKS IDENTICALLY PERFORMED 

ON APOLLO 1 5  AND APOLLO 1 6  

Task  Mis s i on 1-G Tra i n i ng EVA 1 
( A) (B) ( C ) ( D ) 

CDR 
-

Set up LRV A- 1 6  5 .  1 1 4 . 1  4 . 2  5 . 9  
A-1 5 N/D 5 . 7  3 . 6  5 . 9 

LMP 
-

Set up LRV A-1 6 3 . 2  3 . 5  3 . 4  5 . 4 
A- 1 5  3 . 6  2 . 7  3 . 0  5 . 1  

Depl oy PSE2  A-16 8 . 3  5 . 9  5 . 7  1 0 . 7  
A-1 5 8 . 0  7 . 0  6 . 9  8 . 3  

Depl oy LSM2,3 A-1 6 N/D 6 . 8  5 . 5  8 . 6  
A-1 5 7 .  1 5 . 9  5 . 7  8 . 6  

TOTAL A-1 6 N/A N/A 1 8 . 8  30 . 6  
A-1 5 N/A N/A 1 9 . 2 27 . 9  

1Al l ti mes are i n  dec ima l  mi nutes . 

2Ta sk performed by LMP on A-1 5 and CDR on A-1 6 

Rati o 
( D/C) 

1 . 40 
1 . 62 

1 . 60 
1 . 74 

1 . 87 
1 . 29 

1 . 56 
1 .  51 

1 . 63 
1 . 45 

3A- l 5  tas k  "Depl oy LSM 1 1  equi val ent to A-1 6  tasks  11 Remove LSM " 
p l us " Depl oy LSM . 11 

N/A - Not Appl i cabl e 

N/D - No Data 

14 



D .  SUB-TASK T IME COMPARI SONS ( LUNAR EVA AND 1 -G TRA I N I NG )  

The tasks di scussed i n  the prev i ous  secti on can , i n  general , be par

t i t ioned i nto smal l er segments or  sub-tasks . Such sub-tasks are l i s ted 

i n  Appendi x C .  

1 5  

By parti ti on i ng the tasks i nto smal l er segments i t  i s  poss i bl e to 

i dent i fy anomal ous condi ti ons affecti ng performance t ime .  The el imi nation 

of segments so affected i mproves the val i d i ty of compari sons wi thi n and 

between mi s s i ons . Wi th thi s obj ecti ve i n  mi nd , a l l sub-tasks i n  whi ch 

performance was nomi nal were sel ected from Appendi x  C and devel oped i nto 

Tabl e 5 .  In other words , these sub-tas ks were rel ati vely free from anoma

l ou s  or unusual condi ti ons present ei ther i n  the 1 -g tra i ni ng ses s i ons or 

i n  l unar EVA . 

The D/ C rati o for sub-tasks i n  Tabl e 5 ranges from 1 . 1 6  to 2 . 1 8 .  Not 

i ncl uded i n  the tabl e i s  one s ub-task  performed by the LMP -- "obtai n  and 

confi gure Apol l o  l unar surface dri l l  ( ALSO )" -- wi th a D/C rati o of 1 . 43 . 

When th i s  sub-task  i s  a dded to those of the CDR , the wei ghted D/C average 

becomes 1 . 66 . Th i s  rati o i s  s l i ght ly  l a rger than the correspondi ng 

Apol l o  1 5  average of 1 . 41 . Aga i n ,  the d i fference between these rati o s  i s  

not s tati sti ca l l y s i gni fi cant . 

E .  FACTORS AFFECT ING LUNAR EVA AND 1-G TRA I N I NG COMPARI SONS 

A number of factors can be proposed to expl a i n  the di fferences i n  

l unar EVA and 1 -g trai ni ng compari sons . The more obvi ous of these are 

rooted i n  the d i fferences associ ated wi th l unar and earth-bound condi 

t i ons - - grav i tati ona l effects , di fferences i n  so i l and terra i n ,  i n  v i si

bi l i ty ,  etc . That these are i mportant i n  any eva l uati on of the res ul ts 

i s  not to be deni ed . There are , moreover ,  atti tudi nal  i nfl uences wh i ch 



Tabl e 5 
APOLLO 16 

TIME COMPAR I SONS OF SUB-TASKS 

Sub-task 

Co11111ander 

Offl oad Far U . V .  Camera 
l .  Remove camera from LM and 

carry to depl oyment s i te 
2 .  Dep 1 oy camera & battery on 

surface 

Fl ag DeQl o,y 

1 .  Unstow and assembl e fl ag  
2 .  Depl oy fl ag on surface 
3 .  Photography at  fl ag  

Connect RTG 
Remove subpal l et and PSE 
stool from Package 2 

DeQl o,y PSE 
Depl oy and l evel PSE 

Offl oad Mortar Package 
Remove and depl oy mortar 
package (M/P) 

Assembl e and Al i gn Antenna 

Acti va te centra l  s tat i on 

DeQ l o,y LSM 
l .  Carry LSM to depl oy s i te 
2 .  Depl oy and a l i gn LSM 

Set UQ Mortar Package 
l .  Dep l oy M/P 
2 .  Pl ace M/P i n  base 

TOTAL 

1Al l ti mes a re i n  deci ma l  mi nutes . 
V - Voice 
TV - Tel evi s i on 
N/D - No Data 

1-G Tra i n i ng 
2/24 3/29 4/l l 

( A )  ( B )  ( C )  

3 .  90 1 3 . 20 2 . 60 

1 .  75 1 . 40 1 . 90 

2 . 1 0  2 . 00 1 . 80 
. 55 . 35 . 55 

l .  36 l .  55 . 85 

3 . 70 4 . 95 3 . 60 

6 . 40 4 . 45 4 . 00 

2 . 40 2 . 45 2 . 00 

. 50 N/D . 45 

N/D 1 . 85 1 . 55 
N/ 0  3 . 55 2 . 50 

N/0 1 . 60 . 95 

N/D 1 . 05 l .  75 

24 . 50 

1 6  

EVA 1 Rat i o EVA 
4/21  Data 

( D )  ( D/C } Source 

4 . 80 1 . 85  v 

2 . 68 1 . 41 v 

3 . 58 1 .  99 TV 
. 92 1 . 67 v 

l .  1 2  1 . 32 TV 

5 . 2 1 1 . 45 VTV 

8 . 47 2 . 12 v 

2 . 38 1 . 1 9  TV 

. 98 2 . 1 8  v 

1 . 80 l .  1 6  TV 
4 . 72 1 . 89 VTV 

l .  76 1 . 85  VTV 

3 . 75 2 . 14 VTV 

42 . 1 7  1 . 7 2  
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are rel ati vely pervas i ve and i mportant . 

Central  to these i s  the atti tude of care or careful nes s . Lunar equ i p

ment i s  not damage- proof and the crew has very l imi ted repa i r capabi l i ty 

ava i l ab l e to them on the l unar surface . Duri ng l unar EVA , the astronaut 

has no one to correct mi stakes or to hel p i n  d i ffi cu l t s i tuati ons . Thi s 

i s  i n  contrast  to the tra i n i ng ses s i ons where numerous i nd i v i dual s were 

ava i l abl e to check experiment dep l oyment and equi pment setups . The s i mu 

l a ted l unar surface at  KSC i s  not onl y  smoother than the actual l unar ter

rai n but i s  a l so more fami l i ar and creates no probl ems rel ati ve to s i te 

sel ecti on for experi ment depl oyment . When on the moon , the astronaut i s  

keenl y  aware of the fact that he has onl y  one chance to complete h i s ta s k  

and that that performance must  be  effi ci ent . And , i n  thi s performance ,  

he i s  bei ng i ntent ly  observed by a l arge port i on of the worl d popul ati on . 

I n  s hort , l una r EVA i nduces an a tt i tude of great care i n  the executi on of 

the a l l otted tas ks . 

There are a l so matters of rest and paci ng . Duri ng tra i ni ng ,  i t  wou l d  

not be poss i bl e  to conti nue worki ng for very l ong i n  the su i ted cond i ti on .  

Work peri ods a re s horter and astronauts tend to mobi l i ze thei r energ i es 

for swi ft but effecti ve performance . Tra i n i ng t ime , then , woul d tend to 

be shorter . 

These a re some of the factors that must  be kept i n  mi nd i n  a proper 

eva l uati on of any di fferences i n  performance duri ng tra i ni ng and l unar 

EVA . 
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Secti on IV 
METABOL I C  COMPARISONS : 1 -G TRA I N I NG VS  LUNAR EVA 

A .  I NTRODUCTION 

The purpose of thi s secti on i s  to compare the metabol i c  data associ 

ated wi th tasks performed duri ng 1 -g tra i n i ng and duri ng l unar EVA . In 

thi s ana lys i s, rate of energy expendi ture and tota l metabol i c  cost  per 

compl eted task are uti l i zed . 

I t  may be reca l l ed that some prel i mi nary resul ts concern i ng metabol i c  

rates have been presented i n  Secti on II : Mobi l i ty Eva l uati on . Those 

resul ts tended to confi rm the data obtai ned i n  Apol l o  1 5  and i ndi cated 

some va ri ati on i n  rate of energy expendi ture due to changes i n  work con

di t i ons . 

B .  TASKS ANALYZED 

Those tasks were chosen whose acti v i ty patterns were i denti cal duri ng 

tra i n i ng ses s i ons and l unar  EVA . On the basi s of thi s  cri teri on seven of 

the CDR's tasks and one of the LMP's tasks were sel ected for ana lysi s .  

These a re presented i n  Tabl e 6 .  It may be recal l ed that no bi omed i cal 

data were ava i l ab l e for approxi mately the fi rs t hour of EVA 1 because of 

a probl em wi th the S-band antenna . 

C .  CALCULATION PROCEDURE 

Crewmen heart rates served as the bases for computi ng metabol i c  rates 

( BTU/h�) . For the tra i ni ng sessi on the fol l owi ng regressi on functi ons 

were devel oped by the LSD Metabol i c  Assessment Team : 

CDR :  Metabol i c  Rate = 36 . 9  ( hea rtrate ) 2 1 36 

LMP : Metabo l i c  Rate = 29 . 5  (heartrate ) 1 568 



Task El apsed 
T ime 1 

CDR 

Fl ag Depl oy 3 . 30 

Connect RTG 7 . 60 

Depl oy PSE 5 . 70 

Remove LSM 1 . 40 

Erect C/S 4 . 70 

Depl oy LSM 4 . 05 

Depl oy 
Geophone 8 . 90 

Tota l 35 . 65 

LMP 

ALSEP 
Placement & 
Depl oy HFE 1 0 . 00 

1 Deci mal  mi nutes 
2Beats/mi nute 
3 BTU/hr . 

Tabl e 6 
METABOL IC  COMPARI SONS : 1 -G TRAI NING AND LUNAR EVA 

Tra i n i ng 

Heart Metab . Meta b .  
Rate2 Rate3 Cost4 

(A )  ( B )  

1 09 . 7  1 91 2  105 

98 . 8  1509 1 91 

1 00 . 4  1568 149 

84 . 3  974 23  

95 . 7  1394 109 

1 01 . 4  1606 1 08 

1 1 1 . 85 1 991 295 

(1649 ) 6  980 

1 20 . 6  1 991 332 

Lunar EVA Tra i n i ng/Lunar 

Elapsed Heart Meta b .  Metab . Meta b .  
T ime1 Rate2 Rate3 Cost4 Rate 

Rati o 
( C ) ( D ) ( AjC) 

7 . 1 3  96 . 4  1 1 98 1 42 1 . 60 

1 2 . 52 88 . 6  936 195 1 . 6 1  

1 0 . 70 85 . 1  81 9 146 1 .  91 

2 . 1 2  83 . 3  759 27 1 . 28 

7 . 80 81 . 0  683 89 2 . 04 

6 . 52 78 . 5  598 6 5  2 . 69 

1 2 . 90 81 . 6  908 195 2 . 19 

59 . 69 (86 3 ) 6  859 (1 . 91 ) 

23 . 08 96 . 3  607 233 3 . 28 
--

4 BTU 
5Heart rate data not compl ete for th i s  trai n i ng 
acti vi ty 

swei g hted Average 

Metab. 
Cost 
Rat i o  
( B/0) 

. 74 

. 98 

1 . 02 

. 85 

1 . 22 

1 . 66 

1 . 48 

(1 . 1 4) 

1 . 42 

\0 
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Si mi l ar l i near functi ons were used for l unar EVA . These , however ,  

changed each hour dependi ng on the average heart rate and 02 consumpti on 

exh i bi ted duri ng the preceedi ng hour . W i th thi s i mprovement , f i rst used 

on Apol l o  1 6 ,  BTU rates were more rel i ab ly  determi ned . 

Metabol i c  cost ( BTU ) was cal cul a ted i n  the usual  stra i ghtforward 

manner : 

BTU = ( El apsed T ime/60 ) X BTU Rate 

D. RESULTS 

A study of Tabl e 6 revea l s  several defi n i te uni formi ti es .  As found 

i n  previ ous analyses , t ra i n i ng t i mes are a l l  s horter than correspondi ng 

l unar  performance t imes . Heart rates are un i formly h i gher for the tra i n

i ng sessi ons wi th correspondi ngl y  h i gher metabol i c  rates . Metabol i c  cost  

duri ng trai ni ng ,  however ,  i s  someti mes l a rger and someti mes sma l l er than 

the correspondi ng metabo l ic cost  duri ng l una r EVA . These resul ts are i n  

agreement wi th the s i mu l at i on s tudi es revi ewed by Shavel son (1 968 ).1 

Two rati os , A/C and B/0 , were ca l c u l a ted  to provi de a prec i se measure 

of the percentage i ncrease or  decrease i n  metabol i c  rates and metabol i c  

costs . The A/C rati os , wh i ch compa re the metabol i c  rates i n  tra i n i ng wi th 

those i n  l unar EVA , cons i s tently demonstra te a h i gher rate of energy expen 

di ture duri ng tra i n i ng over that duri ng l unar EVA . The wei ghted average 

for the CDR is 1 . 9 1  i ndi cat i ng that on the average metabol i c  rates duri ng 

trai n i ng are 91 % hi gher than those obta i ned dur i ng  l unar  EVA . ( S i nce on ly  

one  task has been analyzed for the  LMP , h i s resu l t can  be  g i ven on ly  pass

i ng attention i n  th i s report . Howeve r ,  the A/C rate for h i s data i s  

1 Shavelson, R .  J .  lunar gravi ty s imu l ati on and i ts effect on human 
performance . Human Factors 1 968 , 1 0  ( 4 ) ,  393-402 . 
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rel at ively hi gh i n  compari son to those computed for the CDR . )  

The case i s  qui te di fferent for metabol i c  cost . I n  some cases i t  i s  

sma l l er i n  the trafni ng sessi ons than i n  l unar EVA .  The wei ghted average  

i s  1 . 1 3, i nd i cati ng a sl i ght ly  greater total energy expendi ture dur i ng 

tra i n i ng than duri ng l unar EVA . 

I n  summary , then , al though the metabo l i c  rate i s  a l most twi ce as l arge 

i n  trai n i ng sessi ons than i n  l unar EVA , the energy cost for the same tasks 

i s  on ly  sl i ghtly g reater duri ng the tra i ni ng sessi ons . 

E. COMMENTS 

The hi gher metabol i c  rates duri ng tra i n i ng can be attri buted to sev

era l facto rs· among whi ch the most i mportant i s  the extra wei ght {approxi 

mate ly  1 00 l bs .  for a 1 80-l b .  man ) associ ated w ith the su i ted cond i t i on .  

Heat storage , fati gue , a strong desi re to compl ete the tasks as qu i ck l y  

a s  possi bl e a l so contri bute t o  thi s effect .  On the other hand , there seems 

to be a greater overa l l equ i va l ence of metabol i c  cost for 1 -g tra i ni ng and 

l unar EVA task performance . 



Secti on V 
METABOL IC  ADAPTAT I ON 
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This section exami nes the metabol i c  rates ( BTU/hr) and energy costs 

( BTU ) associ jted wi th repeated l unar acti vi ti es as these were performed 

on at l east two EVAs . Thi s type of ana lysi s shou l d  provi de some i n formation  

as  to  the presence or  absence of adaptat ion  over repeated performances . 

The three acti viti es chosen for a na l ysi s i nc l uded a sedentary mode 

and two active energy-consumi ng a ct i vi t i es .  These were : R i d i ng the LRV, 

Doub l e Core Tube Sampl i ng ,  and Hammeri ng . 

A. R ID I NG THE LRV 

During the three EVAs the crewmen spent approxi mately  8 man-hours ri d-

i ng on the LRV .  I n  these excursi ons the CDR was the dri ver , the LMP the 

navi gator .  

Metabol i c  rates ( BTU/hr) were computed for  both the CDR and the LMP 

duri ng twel ve LRV r i d i ng segments . Three of these occurred i n  EVA 1 ,  si x 

i n  EVA 2, and three i n  EVA 3 .  The average metabol i c  rates are presented 

i n  Tabl e 7. 

,---

Tabl e 7 

AVERAGE METABOL I C  RATES ASSOC IATED WITH RID ING THE 
f----

r- -

-- · -- -- ------

Crewman 

CDR 

LMP 

Average 
For EVA 

% Decrement 

1A 1 1  rates i n  

I 

5961 

669 

633  
1 8% 

BTU/hr . 
--·-·· ---------- -

EVA Average for 
I I  I I I  Crewman 

531 472 532 

509 41 2 525 

520 442 529 
1 5% 

LRV I 
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Both crewmen show pronounced adaptati on i n  metabol i c  rate over the 

three EVAs . The decrease in  BTU/hr . (633 to 520 ) i s  approxi mately  1 8% 

from EVA l to EVA 2 and 1 5% from EVA 2 to EVA 3 .  An ana l ysi s of vari ance 

i ndi cates that the decrement over EVAs i s  si gn i fi cant  at the . 01 l evel . 

I t  i s  c l ear  that there i s  no si gn i fi cant di fference between metabol i c  

rates for the two crewmen . 

B. DOUBLE  CORE SAMPL I NG - LMP 

Four doubl e core tube sampl es were col l ected duri ng  the Apol l o  1 6  

EVAs . Of these, three were vi si bl e on tel evi si on and two of these were 

performed by the LMP . One of these was on  EVA 2 ( Stati on 8 ) , the other 

on EVA 3 ( Stati on 1 0 ) . The data for the act i vi ti es associ ated wi th these 

tasks are presented i n  Tabl e 8 .  These i nc l ude T ime ( i n  dec ima l  mi nutes) , 

Metabo l i c  Rate ( BTU/hrJ, and  Metabol i c  Cost ( BTU ) . For comp l eteness and 

better understandi ng, a si ngl e core sampl i ng acti vi ty performed by the 

LMP at Stati on 9 i s  al so i ncl uded . I t  i s  fel t that the activi ty associ a 

ted wi th Stat i on 9 i s  rel evant to and enhances the adaptati on effect . 

The i ncl usi on of the data from Stati on 9 (si ng l e  core ) enabl es one to 

observe the regul ar progressi on i n  the adaptati on effect over repeated 

si mi l a r operati ons . 

( Hammeri ng was excl uded from thi s  ana l ysi s because i ts performance 

was dependent on soi l  cond i ti ons at each l ocati on . Hammeri ng as an opera 

t i on i s  analyzed separa tel y  i n  the next secti on . )  

An exami nati on of Tabl e 8 reveal s  progressi ve decrements i n  Ti me, i n  

Metabol i c  Ra te, and i n  Metabol i c  Cost . Al l i ndi ces revea l an i ncrease i n  

effi ci ency wi th ti me and task repet i ti on .  



Tabl e 8 
CORE TUBE SAMPLING (LMP) 

EVA I I  Sta . 8 EVA I I  Sta . 9 

Acti vi ty Ti me Rate Cost Ti me 
(mi n . ) (BTU/hr .) (BTU) (mi n . )  

Assembl e  l 
Transport 3 .08 1 01 9  52 . 3  2 . 2 2  Posi ti on 
Push 

Photography . 55 1 3 1 3  1 2 . 0 . 55 

( Hammeri ng ) Ana lyzed i n  separate secti on .  

Remove . 1  0 1 389 2 . 3  . 08 

Transport l 
5 . 331 D i sassembl e  6 . 37 1 097 1 1 6 . 5  

Stow 

Tota l 1 0 . 1 0  1 0872 1 83. 1 8 . 1 8  
� -------

1 Done i n  two parts - 2 . 1 5  mi n .  and 3 . 1 8  mi n .  
2Wei ghted Average 

Rate Cost 
( BTUjhr .) ( BTU) 

1 002 37 . 0  

906 8 . 3  

1 024 1 . 3 

1 038 92 . 2  

1 01 82 1 38 . 8  
--

EVA I I I  Sta . 10• 

Ti me Rate Cost 
(mi n .  ) ( BTU/hr .) ( BTU) 

2 . 95 91 3 45 . 0  

. 80 800 1 0 . 7  

. 23 842 3 . 2  

2 . 48 760 31 . 4 

6 . 46 8392 90 . 3  

N 
� 
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C .  HAMMER ING - LMP AND CDR 

Duri ng the core tube sampl i ng ,  a cons i derabl e amount of hammeri ng was 

requi red . Th i s  acti v i ty was ana l yzed i n  terms of Hammer Hi ts ,  Ti me , Meta

bol i c  Rate ( BTU/h� ) , Metabol i c  Cost ( BTU ) , Hi ts/ BTU , and Hi ts/mi nute . 

These data are presented i n  Tabl e 9 whi ch paral l el s  the ana lys i s  presented 

i n  the previ ous tabl e .  One added feature i s  the data for the CDR on EVA 2 -

Stati on 1 0 .  

Cre 

LMP 
EVA 2 -

EVA 2 -

EVA 3 -

CDR 
EVA 2 -

1 E l apsed 

- - - -------- -

METABOL I C  
-� 

wman Hi ts 

Sta. 8 69 

Sta. 9 8 

Sta. 1 0  • 28 

Sta. 10 45 

Tabl e 9 
IND I C ES ASSOC IATED W ITH HAMMER ING 

t,Tl BTU/hr. BTU Hi ts/BTU 

2 . 28 1 308 49 . 71 1 . 39 

. 20 936 3 . 1 2  2 . 56 

. 58 807 7 . 80 3 . 59 

1 . 65  1 1 29 3 1 . 04 1 . 45 

t ime i s  i n  deci ma l  mi nutes . 
·----

Hi ts/mi n. 

30 . 26 

40 . 00 

48 . 28 

27 . 27 

The data for the LMP c l ear ly  i ndi cate a decrement i n  Metabol i c  Rate , 

a progress i ve i ncrease i n  Hi ts/BTU ( another measure of energy cost )  and 

Hi ts/mi nute (a measure refl ecti ng i nc reased effi c i ency ) .  These progres-

s i ve changes occur  over EVA and task repeti ti on . 
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Of s i gn i fi cant i nterest and i mportance are the data for the CDR dur i ng 

EVA 2 at  Stati on l C .  The cong ruence o f  h i s set o f  data wi th that of LMP 

duri ng EVA 2 a t  Stati on 8 i s  part i cu l ar ly  s tri k i ng . Of d i rect rel evance 

are the data for BTU/h� , Hi ts/BTU , and  Hi ts/mi nute . These i ndi cate that 

the metabol i c  and effi c i ency i ndi ces a re rel ati vely equi va l ent . Thi s i s  

a mean i ngfu l  resul t s i nce both crewmen were at  equi val en t  s tages i n  thei r 

EVA Hammeri ng experi ence . The LMP used the hammer very bri efl y before 

Stati on 8 and the CDR used the hammer for a few rounds before Stati on 1 0  

i n  order to get s ampl es from a l arge boul der .  

D .  CONCLUS ION 

I n  Apo llo 1 6 ,  as i n  Apol l o  1 5 ,  there i s  s trong evi dence of adaptati on 

to task performance from one EVA to the next . There are decrements i n  

Metabol i c  Rate , Metabol i c  Cos t  and i nc reases i n  effi c i ency . These resul ts 

hol d for both a sedentary type of acti v i ty ,  as  Ri di ng  the LRV ,  and a v i gor

ous type , as Hammeri ng . 



A .  I NTRODUCTION 

1 .  Purpose 

Sect i on VI 
FALL ANALYS I S  
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Dur i ng the three l unar EVAs of Apol l o  1 6  s i x  fa l l s  of the crewmen 

were recorded on the TV k i nescopes . The two fal l s  of the COR occurred i n  

hi s a ttempt to pi ck  up an objec t .  Two of the LMP • s  fal l s  occurred i n  a 

s i mi l ar fash i on; the other two i nvol ved the use of the penetrometer . The 

purpose of thi s ana lys i s  i s  to i nvest i gate the fa l l s  -- to determi ne the 

manner of fal l i ng and recoveri ng and to determi ne the reasons for the fa l l s . 

2 .  Procedure 

The TV k i nescope segments compri s i ng the fa l l s  were anal yzed qua l 

i tati vely and , where pos s i bl e ,  quanti tati vel y .  The qual i tati ve ana l ys i s 

i nc l uded descr i pti ons of the terra i n ,  wha t the crewman carri ed , the acti v-

i ty precedi ng the fal l ,  the  recovery , and  the apparent reason for the fa l l .  

Ti me i nto EVA was a l so  obtai ned . The quanti tat i ve anal ys i s i nc l uded the 

measurement (at every V2 second ) of the angl es of the ri ght  knee , l eft knee 

and the body (measured from the hori zonta l ) as wel l as descri pti ons of  the 

arms , upper torso and l ower torso . Both types of ana l ys i s  were accompl i shed 

by us i ng the Vanguard moti on ana lyzer . 

B .  DESCRIPT ION OF FALLS 

Two di fferent types of fa l l s  were observed on Apol l o  1 6 .  One type was 

rel ated to the procedure used by the crewmen when p i c k i ng up objects wi th-

out the ai d of tongs or other hardware . Thi s  procedure i nvol ved approach

i n9 the object , hoppi ng , bendi ng the knees , grabbi ng the object and get

t i ng up; a l l done i n  one conti nuous moti on .  Vari ati ons i ncl uded hoppi ng and 
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kneel i ng on one knee , kneel i ng down on both knees (wi thout hoppi ng ) ;  hopp

i ng up , s teppi ng forward and up , s tepp i ng back and up . 

The other type of fal l occurred when the LMP was pushi ng the penetro-

mete r .  

1 .  P i ck�p Fal l s  

a .  LMP's fal l a t  the ALSEP s i te .  EVA 1 .  

T ime : 05:01 : 53 : 32 - 53 : 39 Ground El a psed T ime ( GET ) 

Terra i n :  Loose surface soi l ;  sma l l to medi um-s i zed rocks scattered 
about; LMP i s  s tandi ng wi thi n the ri m of a sma l l c rater and faci ng 
uph i l l . ALSEP s i te .  

Carryi ng: He was hol d i ng a sma l l object . 

Apparent  Reason : He s l i pped ( s l i d )  on the l oose surface soi l . 

Previ ous Acti vi ty: LMP had jacked up the deep core , empl aced the heat 
fl ow probe , and attempted to pi ck up the ramme r .  

Descri pti on - Fal l :  On the second attempt to p i ck i t  up , the LMP went 
down on  h i s knees . As he tri ed to  get up , h i s feet s l i d  on the l oose 
soi l and he fel l to h i s  knees and hands . ( Feet coul d not get the 
necessary tracti on i n  the l oose soi l . )  

Descri pti on - Recovery: To recover , the LMP l eaned forward on hi s 
hands . He then pushed h i msel f back  wi th enough momentum to bri ng  h i m
sel f to h i s  knees and then to h i s feet . 

T ime i nto EVA : 3 : 00 : 36 

Qua l i ty of F i l m :  Good v i ew o f  the fal l and recovery . 

b .  CDR's fal l  near the LM at  c l oseout . EVA 1 .  

T ime :  05 : 05 : 32 : 32 - 32 : 42 GET 

Terra i n :  Loose surface soi l ;  sma l l rocks s cattered; l evel;  near the 
LM and LRV . 

Carryi ng : Nothi ng . 

Apparent Reason: Feet s l i pped on the l oose soi l . 

Previ ous Acti vi ty :  Both the CDR and LMP were dus ti ng each other when 
the brush fell to the surface . The CDR went to pi ck  up the brush .  
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Descri pti on - Fal l : The CDR • s  usual procedure i n  pi ck i ng someth i ng 
up is to approach the object ( brush ) ,  bend one knee ( i n  thi s  case the 
r ight  knee i s  bent ) ,  p i ck up  the object , and s tand up on both feet . 
Al l thi s i s  done i n  a somewhat conti nuous moti on . I n  thi s parti cul ar  
i nstance , the CDR  appeared to  s l i p  as he  was about to  s tand up  a fter 
getti ng the brush . Hi s feet s l i d  and wou l d not ta ke hol d on the l oose 
soi l and so he ended up on h i s hands and knees . 

Descri pti on - Recovery : The CDR kne l t  upri ght ( h i s hands were no 
l onger on the ground) wi th the brush i n  h i s ri g ht  hand . Hi s l eft hand 
gets a l i ttl e support from the LMP . Then he extends h i s  l eft hand; 
the LMP hol ds the hand and e l bow and he  hel ps the CDR to s tand on h i s  
feet . CDR rol l s  back  on h i s feet and then s teps to h i s l eft , then 
ri ght . 

Ti me i nto EVA : 6 : 39 : 36 

Qua l i ty of Fi l m :  CDR • s  back i s  faci ng the camera throughout the i nc i 
dent . Also at  the ti me of the fal l  h i s feet a re not i n  v i ew .  

c .  LMP•s fa l l  a t  Stati on 8 .  EVA 2 .  

T ime :  06:03 : 32 : 30 - 32 : 56 GET 

Terrai n :  Sma l l and medi um rocks scattered; most ly  l evel . Stati on 8 .  

Carryi ng :  Camera a nd samp l e bags are mounted . 

Apparent Reason : He had hopped down to pi c k  up the tongs; i n  do i ng so  
he stepped on the tongs so that when he tri ed to  l i ft them he l os t  h i s  
ba l ance . 

Previ ous Acti vi t� : The CDR and LMP were sampl i ng a nd the CDR had just  
stowed a sample 1n the LMP•s sampl e col l ecti on bag ( SCB) . The CDR 
started to wal k away and the LMP went to pi ck up the tong s . 

Descri pti on - Fa l l :  The LMP bent h i s knees and got down on h i s r i ght  
knee to  pi ck  up the tongs . He  mi s sed the tongs and  fel l . 

Descri pti on - Recoverl : Wi th h i s l eft hand the LMP hel d on to the 
CDR who assisted him n getti ng up . 

Time i nto EVA : 4 : 53 : 05 

Qua l i ty of Fi l m :  Most o f  the ti me the LMP was h i dden by the CDR . 



d .  CDR • s  fa l l  a t  Stati on 1 1 . EVA 3 .  

T ime :  06 : 22 : 58 : 37 - 58 : 59 G ET 

Terra i n : Sma l l rocks  to l arge bou l ders; craters . Stat i on 1 1 . 

Carryi ng : Camera and bags mounted . Carryi ng SCB . 
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Apparent Reason : When p ick i ng up the bag , the CDR l eaned too far to 
the ri ght and lost  h i s ba l ance . 

Previ ous Acti vi t� : The CDR ·i s samp l i ng at  Stati on 1 1 . As he went to 
a new sampl i ng s 1 te he dropped one of the sampl e bags  so  he returned 
to pi ck i t  up . 

Descri pti on - Fa l l : The CDR returned to p i ck up  the sampl e bag , 
approached i t ,  took about fi ve s teps , bent h i s knees (ri ght knee touched 
the ground ) ,  l eaned ri ght and reached out wi th h i s r i ght hand to pi ck 
up the bag . After he grabbed the bag and hi s ri ght  arm was comi ng up , 
he l ost  h i s bal ance , wa s unab l e to regai n h i s  bal ance and fel l on both 
hands . 

Descripti on - Recovery : The CDR backed up on hi s knees , ra i sed the 
upper part of h i s body , rested on h i s l eft hand . (The sampl e bag i s  
i n  h i s ri ght hand and the SCB i s  i n  h i s l eft hand . ) As he s trai ghtened 
up he moved h i s feet very rapi d l y  unti l he was stand i ng . ( Hi s  method 
of recovery di ffers from the LMP who uses a rock i ng moti on to get to 
h i s feet . )  

T ime i nto EVA : 1 : 31 : 1 9  

Qua l i ty of F i l m :  Genera l l y  good . The coR • s  r i g h t  s i de i s  to the cam
era; however , h i s l eg s  are not di s ti nct  because of the shadows . 

2 .  Penetrometer Fa l l s  

a .  LMP • s  fa l l  a t  Stati on 4 .  EVA 2 .  

Ti me :  06 : 00 : 35 : 48 - 35 : 55 G ET 

Terra i n :  Loose surface soi l ;  sma l l and medi um rock s  scattered ; s ha l l ow 
craters . Stati on 4 .  

Carryi ng : Nothi ng . 

Ahparent Reason: He was i n  an unstabl e pos i ti on to beg i n wi th  and then 
w en he tri ed to get up he s l i pped on the l oose soi l . 

Prev ious  Acti v i ty :  LMP i s  wa l ki ng around wi th the penetrometer , obta i n
i ng readings .  
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Descri pt i on - Fa l l :  The LMP pus hed i n  the penetrometer by l eani ng on 
i t .  The penetrometer was l ocated near the top of a smal l s l ope and 
the LMP ' s  feet were down the s l ope . The penetrometer went i n  a l l  the 
way and s i nce the LMP was l ean i ng on i t ,  h i s body approached t he sur
face . He paused and s tarted to s tand up but h i s feet s l i d  on the 
l oose soi l and he ended up on h i s hands wi th h i s  body and l egs para l l el 
to the surface . 

Desc ri pti on - Recovery : He l eaned forward some more and  pushed back 
wi th h i s a rms , obta i ni ng enough momentum to get to h i s knees and then 
to h i s feet . 

Ti me i nto EVA: 1 :56 : 23 

Qua l i ty of F i l m :  The LMP was fac i ng the camera; thus much of the 
deta i 1 was not cl  e·a r . 

b .  LMP's fa l l  a t  Stati on 1 0 .  

T i me :  06 : 05 : 1 1 : 50 - 1 2 : 1 6  GET 

Terra i n :  Many sma l l rocks  scattered; l oose soi l ;  shal l ow depres s i ons . 
Stat1 on 1 0 .  

Carryi ng :  Noth i ng .  

ATlarent Reason : He l ost  h i s bal ance when the penetrometer went i n  
a the way . 

Previ ous Acti v i ty :  LMP was wal ki ng a round wi th the penetrometer 
obtai ni ng readi ngs . 

Descri �t i on - Fa l l : The LMP pushed i n  the penetrometer by l eani ng on 
it .  T e penetrometer went i n  a l l the way (unexpected ly ) , and he l ost  
ba l ance . He fel l to h i s ri ght  s i de and extended h i s ri ght arm to 
break the fa l l whi l e  h i s l eft was s ti l l  on the penetrometer .  He fel l 
forward and h i s feet went i n  the "a i r , "  then down . He adjus ted the 
pos i ti on of hi s body , rel eased the penetrometer ,  and put both hands 
on  the surface . 

Descri pti on-Recover\ : After adjust i ng h i s  body and putti ng both hands 
on the surface , he eaned forwa.rd , pushed bac k ,  got to h i s knees but 
d i d not make i t  up . He l eaned forward a second t ime ,  pus hed back , got 
to h i s knees , tri ed to stand up but ended up back on the g round aga i n .  
He l eaned forward a thi rd t i me ,· pushed back , got to h i s knees , went 
back on h i s feet and fi nal l y  s tood up . 

T ime i nto EVA :  6 : 32:25 

Qua l i ty of Fi l m :  Good sequence . The LMP has h i s r i ght  s i de to the 
camera . The rocki ng sequence where he tri es to get up i s  a l so good . 
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C .  POS S I BLE CAUSAL FACTORS 

A prel i mi nary analysi s  suggested that l os s  of tracti on on l oose soi l 

caused crewmen to s l i p  and fal l .  A more thorough ana l ys i s  reveal ed that 

the crew's uni que method of pi cki ng up objects wi th thei r hands i ns tead 

of wi th tongs a l so contri buted to l os s  of ba l ance and subsequent fal l s .  

The fal l s  associ ated wi th the penetrometer were rel ated to the method 

used by the LMP to push i n  the penetrometer and a l so to the penetration 

and p l ate- l oad-s i nkage characteri st i cs of  the l unar soi l . In  each  i nstance 

where a fal l occurred , the penetrometer shaft was pushed i nto the soi l to 

i ts maxi mum penetrati on depth . I n  order to push the penetrometer i n to the 

soi l the LMP l eaned on the i nstrument wi th  hi s enti re wei ght . As the pene

trometer sank to i ts maxi mum depth , and occas i ona l ly thi s  occurred rap i dly 

when the soi l offered l i tt l e res i s tance , he ei ther l ost  h i s bal ance and 

fel l ( Stati on 1 0 ) , or  el se  he ended up i n  a n  unstab l e pos i ti on and fel l 

tryi ng to s tand up ( Stati on 4 ) . 

The p ick�p fal l s  i nvol ved other reasons . The crewmen's method of 

pi cki ng up objects was to approach  the object , hop , bend the knees , reach  

out ,  grab the obj ect , and s tand up . I n  two of the pi ckup fa l l s  the crew

man went through the pi ckup procedure but reached out too far to g rab  

the  object . Thi s caused the l os s  of  bal ance and the fa l l .  These were 

the LMP's fal l  at the ALSEP  s i te and the CDR's fa l l  at Stat ion 8 .  At the 

ALSEP s i te ,  the LMP l eaned over unti l he was only 1 5° from the hori zonta l 

i n  reach i ng out to pi ck up the rammer .  Thi s  was so great a di spl acement 

of h i s  center of grav i ty that when he s tarted to bounce up agai n h i s feet 

s l1 i d and he fel l . The CDR ' s  fa l l  at Stat ion 8 was s i mi l ar .  I n  order to 

pi ck up the s ampl e bag he l eaned too far to the ri g ht and so when he tri ed 
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to s tand up , he a l so l ost  hi s ba l ance and fel l . 

The uni que pi ckup procedure i nvol ves a h i g h  degree of coordi nati on 

among i ts components . I f , for exampl e ,  the approa ch -hop pl aces the astro

naut too far from the object he must  necessari ly  reach out too far i n  

order to get i t . Thi s ,  i n  turn , pl aces the astronaut i n  a n  unsta b l e  pos i 

ti on . Even i f  the approach-hop i s  110n target , . . the astronaut mus t  have 

an  accurate p l ace-memory because the object i s  often not i n  vi ew at the 

moment of pi ckup . (The l i mi tati ons on vi s i bi l i ty of the EVA sui t a re 

di scussed i n  a l ater secti on enti tl ed 11 Harrmer Retri eval . .. ) 

The LMP's fa l l  a t  Stati on 4 d i ffered from the other pi ckup fa l l s .  

I n  thi s i ns tance the LMP went to pi ck up the tongs and i n  doi ng so  he 

hopped and s tepped on the tongs wi th h i s l eft foo t .  Then , when h e  grabbed 

the tongs and s ta rted to pul l them up , he knocked h i msel f off bal ance and 

fel l . Thi s fal l can be part ly  attri buted to l i mi ted v i s i bi l i ty and/or 

i naccurate vi sual esti mati on . 

The reasons for the CDR ' s  fal l  a t  the LM duri ng c l oseout were not too 

evi dent because he was not i n  ful l vi ew of the camera . However ,  s i nce he 

l ost  h i s bal ance after he had the brus h ,  i t  was pos s i b l e that he reached 

out too far and was i n  an unsta bl e pos i ti on and unabl e to atta i n  tracti on 

on the l oose soi l . 

D .  METHOD OF RECOVERY 

I n  one fa l l  the LMP hel ped the CDR get up on h i s feet ( at the LM) , i n  

another the CDR hel ped the LMP ( Stati on 8 ) . In  the other fal l s  the crew

men di ffered i n  thei r methods of recovery . The LMP was ab l e to get up by 

us i ng a rocki ng moti on . Thi s i nvol ved getti ng on a l l fours , l eani ng for

ward , pushi ng back wi th h i s hands to acqui re enough momentum to get to h i s  
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knees and then to h i s feet . The CDR , on the other hand , got to h i s feet 

by kneel i ng upri ght  and then pushi ng up fast  wi th h i s feet unti l he was 

s tandi ng and stab l e .  

E .  A SUCCESSFUL P I C KUP AND A P I CKUP FALL 

In order to determi ne why p i ckup fa l l s  occurred , a deta i l ed ana l ys i s  

was done on a n  unsucces sful pi ckup fa l l  and a succes sful  p i ckup . The 

pi ckup at 05 : 0 1 : 52 : 2 2  GET (ALSEP s i te )  and the pi ckup fa l l  at 05 : 0 1 : 53 : 1 0  

GET were chosen for compari son because they i nvol ved the same crewman , 

EVA , terra i n and t ime peri od .  I n  a ddi ti on , the  camera angl e was good so a 

detai l ed analy s i s was pos s i b l e .  

At the successful p i ckup , the LMP approached the HFE r·robe , started 

to pi c k  i t  up , bounced back up and got i n  posi ti on to try agai n .  On the 

second try he approached the probe , hopped and s tepped on h i s ri ght  foot 

a s  he knel t on h i s l eft knee . He l eaned forward and towards the l eft , 

reachi ng down a l ong h i s l eft knee to pi ck up the probe wi th h i s l eft hand . 

After getti ng i t  he bounced back up . 

At the unsuccessful pi ckup ,  the LMP approached the rammer ,  s tarted to 

pi ck  i t  up , bounced back up and got i n  pos i ti on to try aga i n .  On the sec

ond attempt he approached the ramme r ,  hopped and knel t on both knees , 

l eaned forwa rd and l eft and reached out to pi ck  up the rammer wi th h i s 

l eft hand . But i n  order to get the rammer he had to reach out at  l east  a 

foot beyond h i s l eft knee and i n  reachi ng so  far he  bent over unti l h i s 

body was a l most  paral l el to the surface . When he a ttempted to bounce 

back up , h i s  feet s l i d  and he l ost  h i s  ba l ance and fel l .  He then used a 

rocki ng moti on to get back to h i s  feet . 
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The deta i l ed analys i s  poi nted out that when the LMP p i cked up the 

probe , he l eaned forward approxi mate ly  25° from verti cal  and pi cked up 

the probe just in front of hi s l eft knee . Howeve r ,  when he pi cked up the 

rammer ,  he extended h i s l eft hand beyond h i s  l eft knee and i n  doi ng so  he 

l eaned forward approxima tel y 75°  from verti cal . Thi s pl aced the LMP i n  

an unstabl e pos i ti on and when he s ta rted to bounce back up , h i s feet s l i d  

and he fel l . The overextended l ean was the major  di fference between the 

successful  and the unsuccessfu l  pi cku p .  

F .  FALLS I N  APOLLO 1 5  AND APOLLO 1 6  

The fal l s  occurri ng on Apol l o  1 5  resul ted from the soi l condi ti ons , 

speci fi cal l y  tri ppi ng over rocks ( uneven terra i n )  and tri ppi ng a t  the edge 

of craters ( soi l i n  nea r  fai l u re condi ti on ) . The fa l l s  on  Apo l l o  1 6  were 

mai n l y  the resul t of the methods used by the crewmen to pi ck up objects 

and to depl oy the penetrometer .  On Apo l l o  1 6  there were no fa l l s  observed 

that were caused by tri ppi ng due to soi l condi ti ons . 

G .  SUMMARY 

An analys i s  of the fa l l s  on Apol l o  1 6  was undertaken to determi ne the 

c i rcumstances assoc i a ted wi th fa l l i ng and the methods used in recoveri ng 

from the fa l l s .  Si x fal l s  were analyzed: four of these were rel ated to 

the crewmen • s  unique method of pi cki ng up objects wh i l e  two occurred dur

i ng the i nserti on of the penetromete r .  The recovery operati ons were 

s l i ghtly di fferent for the two astronauts . 



A .  HAMMER RETRI EVAL 

Secti on V I I  
ADD IT IONAL ANALYS ES 

36 

Both crewmembers dropped the hammer ( geol ogy type ) whi l e  dri vi ng dou 

bl e core tubes on EVA 2 .  ( CDR a t  Stati on 1 0 :  core tubes #27 and #32; 

LMP a t  Stati on 8 :  core tubes #29 and #36 ) .  See Secti on V of thi s report 

for core tube dri v i ng analys i s .  The CDR was abl e to pi c k  up the hammer 

( 1 5  i n .  l ong ,  3 l b . 1 -g wt . ,  0 . 5  l b .  l unar  wt . )  from the l unar surface at 

the fi rst attempt , wh i l e  the LMP was not ab l e to achi eve thi s in four 

attempts . The l atter retri eved the hammer by use of the tongs , and suc

cessfu l l y  conti nued dri vi ng the core tubes . 

1 .  Sui t Restra i nts - Ana l ys i s  of  the methods used and other factors 

i nvol ved i n  these hammer retri eval attempts a re revea l i ng i n  the i ns i ght  

they provi de i nto performance of  a tas k  a t  the threshol d of pressure-sui ted 

capabi l i ty .  The s u i t i s  the pri nci pa l  restra i n i ng factor i n  th i s acti v i ty 

from a t  l ea st  three aspects : 

a .  V i s i on .  The helmet a l l ows downward v i si on to about 6 i nches i n  

front of the subject when he i s  s tandi ng i n  a norma l "erect "  pos i ti on .  

I f  the hel met v i sor assembl y  i s  a t  maxi mum open i ng ,  peri phera l v i s i on i s  

not obs tructed . A more seri ous obstructi on to downward vi s i on i s  the 

Hassel bl ad camera mounted on  the RCU whi ch restri cts the crewman from 

vi ewi ng anythi ng cl oser than 2 feet di rectly  i n  front of h i m .  Other angl es 

of  vi s i on for vari ous pos i ti ons  assumed by the c rewman are affected by hi s 

pos i ti onal atti tude i n  l eani ng forward or to the s i de .  

The CDR , i n  pi cki ng up  the hammer , l eaned forward up to 35° 

and to the ri ght  up to 40° in order to reta i n  s i ght  of the hammer as  l ong 



37  

as  poss i b l e .  The LMP l eaned forward 1 7-23° , and to the ri g ht 25-30°  maxi 

mum . The l atter a l so  s tarted h i s  retri eval attempts farther away from the 

hammer ,  40-60 i nches vs . 36 i nches for the CDR . The LMP appea red to have 

h i s vi sor parti a l l y  c l osed whi ch woul d hamper s i de ,  espec i a l ly s i de and 

down , vi s i on . The reduced v i sual  range of the LMP due to v i sor pos i t i on 

and not l ean i ng as far forward and to the r i g ht  undoubted ly  l essened h i s 

chances . 

b .  F l exi b i l i ty .  The p i cki ng u p  of  a n  obj ect the s i ze and s hape 

of the hammer requ i res the crewman to fl ex the sui t at the knees and h i ps 

to the maximum . Both  crewmen used the method of 11C rouchi ng 11 on the ri ght  

knee whi l e  extendi ng the l eft l eg and l ean i ng to the ri ght  to  reach  the 

hammer lyi ng on the surface . To achi eve maxi mum fl exure requi res cons i d

erabl e force whi ch i s  di ffi cul t to mai ntai n .  The CDR was abl e to atta i n  

the fl exed pos i t i on and reach the surface , whi l e  the LMP di d not i n  at  

l east  two of  the  attempts . ( It was not poss i bl e  to see the LMP ' s  r i ght  

hand in  a l l a ttempts . )  The  LMP u sed a j umpi ng moti on to  gain  downward 

momentum and faci l i tate f l exure . Apparently the restra i nt of the s u i t 

was such that s uffi c i ent fl exi ng coul d not be ach i eved . 

I t  i s  not known whether such factors as the respecti ve hei ghts 

( CDR - 5 ft . 9 i n . ; LMP - 5 ft . 1 1 - 1 /2 i n . ) ,  s u i t fi t ,  or  other phys i cal  

characteri s ti cs  of the crewmen and/or thei r su i ts contri buted to the 

resu l ts . However , when such a thresho'l d acti v i ty (as  thi s apparently  was )  

i s  a ttempted , mi nor d i fferences s how up  as  i mportant  contri butors to per

fonna nce . 

c .  Cond i ti oni ng .  I n  a threshol d acti vi ty ,  a s  previ ous l y  men

ti oned , sma l l di fferences a re magni fi ed i n  the performance . Whi l e  p rec i se 
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data are not avai l a bl e ,  i t  has been estab l i shed that the CDR spent cons i d-

erabl e t ime i n  testi ng sui t mobi l i ty and operati ona l l i mi ts , and a l so  

tra i ned i n  the KC- 1 35 a t  1 / 6-g i n  pi cki ng up objects . I nc l uded i n  these 

condi t ioni ng and tra i n i ng exerc i ses were numerous performances of a re-

tr i eval such as hammer p i ckup . Thi s  experi ence was a pos i t i ve factor i n  

the successful retri eval on the l unar surface . 

2 .  Method Ana lys i s - Gi ven the sui t restr i cti ons and rel at i ve amount 

of tra i n i ng referred to above , the methods used by the crewmen a re of 

i nterest .  

a .  C DR .  The CDR got i n  pos i t i on 3 feet from the hammer and  down 

sun . He l eaned forward 35°  whi l e  mak i ng two qui ck  hopp i ng mot i ons to move 

forward a few i nches . Then he jumped forward so  that h i s l eft foot was 

extended forward and to the l eft and hi s ri g ht  knee touched the surface 

5 i nches from the hamme r .  At th·i s poi nt he  was at max imum crouch , and 

l eaned ri ght about 40° to reach the hammer . The forward and s i de l ean 

enabl ed h im  to keep the hammer i n  v i ew the maxi mum l ength of t ime before 

the grasp .  Havi ng ga i ned forward momentum through l ean , jump , and crouch ,  

th i s  movement i s  conti nued after g raspi ng the hamme r .  I t  appears that the 
·.� .. : 

forward moti on was necessary to keep from fa l l i ng , such was the extent of 

l ean , both forward and to the s i de .  S i nce mas s  governs momentum , th i s  had  

a stronger effect on the recovery after g rasp  of hammer than  wei ght ,  reduced 

to l /6-g  .• The CDR went  from 0 . 7  ft . /sec .  at  poi nt of g rasp  to 1 . 5 ft . /sec . 

i n  1 . 5 seconds , nearly stra i ght  forward , i ndi ca t i ng the a ccel erati on at

tai ned . The average vel oci ty for the enti re performance was 1 . 25 ft . / sec . , 

the 5 foot di s ta nce bei ng covered i n  4 seconds . Timi ng , coordi nati on and 

adaptab i l i ty to sui t ,  l unar condi ti ons , etc . ,  mus t  be consi dered as cri t i -

cal  to success . The CDR used a conti nuous , 11 Swoopi ng 11 type of mot i on ,  wi th 
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the g rasp  at the l ow poi nt of the crouch , and accel erat i ng to rega i n  equ i 

l i bri um and normal posi t i o n .  

b .  LMP . The LMP pos i ti oned h i msel f i n  a l i ne a n d  40 i nches away 

from the hammer ,  cross sun , and l eaned forward 1 7° .  He then took a s hort 

hop and a j ump forward wi th  h i s  l eft foot forward and to the l eft ,  even 

wi th the hammer .  The ri ght knee touched the surface , even wi th the hammer .  

The LMP l eaned 25°  to the ri ght , but there was no forward l ean dur i ng the 

g rasp  attempt , whi ch fa i l ed .  He then boucned back , h i s l eft foot mov i ng 

back 1 5  i nches ri ght , 1 2  i nches bac k , then conti nued to move back about 

30 i nches for the second a ttempt . The three other a ttempts were i n  the 

same pattern , except the j ump to a ttai n g rasp  pos i ti on was h i gher and more 

pronounced . On the l ast  a ttempt , the LMP moved i n  the oppos i te d i rect ion 

and between the hammer and tube , then strai ghtened verti cal ly  and proceeded 

on to the ri ght . 

I t  woul d  appear that the LMP had di ffi cul ty keepi ng the hammer 

i n  vi ew because he di d not l ean  far enough forward or to the ri ght . Wh i l e  

he j umped to f l ex the su i t ,  he di d not 1 1fo l l ow through 11 or conti nue for

ward to counteract a forward l ean . 

3 .  Concl u s i on - The methods used by the two cre\�en to pi ck  up a 

dropped hammer were di fferent but the metabol i c  rates were s i mi l a r  (1 098 

BTU/h r .  for CDR , 1 1 28 for LMP ) . Ana lys i s i ndi cates that thi s acti vi ty 

requi res maximum f l ex i ng of the sui t ,  l eani ng forward and to the ri ght  to 

see the object ,  deep crouch on one knee wi th opposi te foot extended , but 

parti cul arly , conti nuous forward mot i on to counterbal ance forward l ean and  

fac i l i tate return to  normal standi ng pos i ti on . The  forward and s i de l ean  

a re es senti a l  to  keep the  object i n  vi ew as l ong as poss i bl e as the move 
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i s  made toward i t .  Th i s  type of acti v i ty al so  requi res suffi c i ent experi 

ence and tra i n i ng to g i ve the crewmen compl ete feel of the effort and 

coordi nati on needed for the performance .. 

B .  TWO MAN VERSUS ONE MAN PERFORMANCE O F  A S IM I LAR TASK (DOUBLE CORE TUBE 
SAMPL I NG ) 

1 .  Purpose 

The purpose of th i s  ana l ys i s i s  to determi ne i f  thi s representa -

t i ve acti v i ty ,  doub l e  core tube sampl i ng ,  can be more effi c i ently accom-

p l i shed by one man or by the combi ned efforts of two men . 

2 .  Sources of Data 

The doub l e core tube sampl i ng was performed two t i mes on the 

Apol l o  1 5  mi s s i on and four ti mes on the Apo l l o  1 6  mi s s i on .  On the 

Apol l o  1 5  mi s s i on ,  the two as tronauts on the l unar surface worked together 

to accompl i sh th i s  tas k . On Apol l o  1 6 ,  however , the tas k was performed by 

the LMP a l one . Of the four performances by t he LMP , on ly  two were analyz

ab l e .  

I n  the ana lys i s  of thi s  tas k ,  the part that requi red hammeri ng was 

not i ncl uded.  Si nce hammeri ng i s  a soi l dependent act i v i ty ,  el i mi nati ng 

i t  made the doub l e core tube sampl i ng performances comparabl e .  

3 .  Resul ts 

The data for thi s analys i s appear i n  Tab l e  1 0 .  On the average , 

the Apol l o  1 6  performances of  thi s task requi red 34% l es s  t ime ,  i n  terms 

of tota l man-mi nutes , than the Apol l o  1 5  performances . However , the c l oc k  

t i me o n  Apo l l o  1 5  was 24% l ess  ( 6 . 27 mi n .  vs . 8 . 25 mi n . ) because two crew-

men were worki ng s i mu l taneous l y .  Al so , wi th two men , the i nd i v i dua l  energy 

expendi ture rate ( BTU/h r . ) was about 1 0% l ess  on the average for Apol l o  1 5 . 
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Tabl e 1 0  
DOUBLE CORE TUBE  SAMPL I NG 

APOLLO 1 5  ( TWO MAN TASK)  AND APOLLO 1 6  (ONE MAN TASK)  

Tri a l s Cl ock Time Man-Mi nutes 
Avg . Tot . ! 

Energy Cost Energy i 
(mi n .  ) (mi n .  ) Rate CDR LMP Tota l 

( BTU/hr. )  ( BTU ) ( BTU } (BTU ) 

Apo 1 1  o 1 5 
(Two Men ) 

# 1  6 .  7 1  1 3 . 42 925 1 1 3 . 3  93 . 6  206 . 9  

#2 5 . 83 1 1 . 66 803 78 . 2  77 . 6  1 55 . 8  - -- - --
Average 6 . 27 1 2 . 54 903 1 95 . 7  85 . 6  1 81 . 3 

Apol l o  1 6  
(One Man ) 

# 1  1 0 . 1 0  1 0 . 1 0  1 089 2 1 83 . 1  1 83 . 1 

#2 6 . 46 6 . 46 839 2 90 . 3  90 . 3  - -
Average 8 . 28 8 . 28 99P 2 1 36 . 7  1 36 . 7  

l Wei ghted Average 

2Thi s task was performed by the LMP . Therefore , the CDR has no energy 
cost charged to thi s acti v i ty .  

However , the total energy cost ( BTU ) for the Apol l o  1 6  performances of 

th i s task amounted to an average of 24% l ess  energy requ i red than d i d the 

Apol l o  1 5  performances . 

4 .  Conclusi on 

The s i ng l e  crewman performance duri ng the doubl e core tube s am

pl i ng requi red fewer man-mi nutes and a l ower energy cos t  than the two crew

man performance of the s ame tas k .  



Secti on V I I I  
CONCLUD I NG STATEMENTS 

42 

The research presented i n  thi s report represents a vari ed approach to 

the eva l uat i on of astronaut l unar performance . Thi s was an i nevi tab l e  

outcome of our bas i c  approach - - non- i ntrus i ve acqu i s i ti on o f  data . The 

bas i c  source was TV ki nescopes . Our data cons i sted of those e l ements of 

astronaut acti v i ty wh ich  we cou l d see , or  document by voi ce record . Of 

parti cul ar i nterest were those act i vi ti es whi ch were repeated ei ther i n  

a s i ng l e  EVA o r  over several EVAs . Repeated acti v i t i es enabl ed us to 

eva l uate both the cons i s tenc i es and  va ri ati ons i n  performance . Natura l  

changes i n  cond i ti ons provi ded an anal ogue to  the experi mental i ntrus i on 

pl anned by an i nvesti gator .  Thi s report , then , represents essenti a l l y ,  

appl i ed natural research . 

Astronaut mobi l i ty was eva l uated both qual i tati vel y and quanti tati vel y .  

The two astronauts of Apol l o  1 6  exhi bi ted two sharply di vergent methods of 

l ocomot ion : one a trad i t i onal wal ki ng mode , the other a s k i ppi ng , "canter-

i ng "  acti vi ty wi th one foot a l ways precedi ng the other . Of s i gni fi cant 

i nterest was the fact that both modes were performed at equi va l ent meta -
• 

bol i c  expendi ture rates ( BTU/ h r . ) .  

When l unar performance was compared wi th the l as t  1 -g tra i n i ng perfor-

mance of the same task , a number of s i gn i fi cant resu l ts were obta i ned . 

Lunar performance took� l onger but was done at  a reduced metabo l i c  rate 

wi th the resu l t that the metabol' i c  cost  i n  BTU was onl y  s l i ghtly l ower 

for task  performance on the moon . 

Metabol i c  adaptati on over EVAs and performance tri a l s  was c l ear ly  

exh i bi ted for  three di fferent types of tasks rang i ng from sedentary ( Ri d

i ng the LRV ) to very energeti c ( Hammeri ng ) . 
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As on Apol l o  1 5 ,  there were several fa l l s  on Apo l l o  1 6 .  On Apol l o  1 5  

such fa l l s  were strong ly  associ a ted wi th  the l unar terra i n .  Fal l s  on 

Apol l o  1 6 ,  on the other hand , seemed to be rel ated to the uni que method 

of obj ect retri eval and to penetrometer operati on . 

Addi ti onal ana lyses confi rmed the soundnes s of the deci s i on to uti l i ze 

one man rather than t�o (as  on Apol l o  1 5 ) i n  doubl e core tube sampl i ng .  

The s i ng l e crewman rec� u i red fewer man-mi nutes and a l ower energy expend i 

ture ( BTU ) ·than the two-crewman performance of the same tas k .  

The res� l ts obta i ned seem parti cul a rly  rel evant to future mi ssi on 

pl anni ng , especi a l l y  for mi s s i ons i n  whi ch astronauts woul d  have to oper

ate under reduced gravi ty condi ti ons . 
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A .  S i nce the method the astronauts uti l i zed for obj ect retri eval seems 

promi s i ng ,  a trai ni ng program ( KC- 1 35 ) s houl d be i n i ti ated for those astro

nauts of Apo l l o  1 7  who mi ght  be i ncl i ned to use i t .  

B .  The s l i ppi ng of the hammer (or  any other object used extensi vel y by 

the astronauts ) coul d be el i mi nated by the appl i cati on of Vel cro to g l ove 

and hammer.  I n  add i ti on a l anyard attached to the hammer , enci rcl ed about 

the g l ove , wou l d prevent the fal l  of the hammer to the l unar surface . 
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APPEND I X  A 

EVA T IMEL I NES - CDR & LMP 
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CDR - EVA #1 

Event GET 1 t.T2 GET 1 t.T2 

Start EVA Watch 04 : 22 : 52 : 56 
Pre- Egress 04 : 23 : 00 : 34 7 . 6 3  
Egress  04 : 23 : 03 : 54 3 . 33 
Fami l i ari zati on 04 : 23 : 05 : 38 1 .  7 3  
Depl oy TV  Camera 04 : 23 : 1 5 : 03 9 . 42 
Offl oad LRV 04 : 23 : 27 : 25 1 2 . 37 
Set Up LRV 04 : 23 : 33 : 1 8  5 . 88 
Checkout LRV 04 : 23 : 40 : 1 2  6 . 90 
Offl oad Far U . V .  Camera 04 : 23 : 58 : 34 1 8 . 37 
Load LRV 05 : 00 : 1 9 :  1 5 20 . 68 
F l ag Depl oy 05 : 00 : 26 : 2 3 7 . 1 3  
ALSEP Prep . 05 : 00 : 31 : 05 4 . 70 
Reset Far U . V .  Camera 05 : 00 : 38 : 1 0  7 . 08 
Depl oy Cosmi c Ray Exp . 05 : 00 : 39 : 1 1 1 . 02 
Tra v .  Prep . 05 : 00 : 40 : 56 1 .  75 
Trav . to ALSEP Si te 3 05 : 00 : 52 : 38 1 1 . 70 
ALSEP Stati on Tasks : 

ALSEP Si te Prep . 05 : 00 : 55 : 1 2  2 . 57 
Connect RTG 05 : 0 1 : 07 : 43  1 2 . 52 
Depl oy PSE 05 : 01 : 20 : 1 2  1 2 . 48 
Offl oad Mortar Package 05 : 01 : 24 : 53 4 . 68 
Remove LSM 05 : 01 : 27 : 00 2 . 1 2  
Erect C/ S & Assembl e & Al i gn 

Antenna 05 : 01 : 43 : 47 1 6 . 78 
Depl oy LSM 05 : 01 : 52 : 40 8 . 88 
Depl oy Geophones 05 : 02 : 05 : 40 1 3 . 00 
Thumper Geophone Experi ment 05 : 02 : 22 : 40 1 7 . 00 
Setup Mortar Package 05 : 02 : 43 : 24 20 . 73 
Doc . Samp 1 es 05 : 02 : 47 : 1 3  3 . 82 
Trav . Prep . 05 : 02 : 56 : 30 9 . 28 05 : 02 : 56 : 30 1 2 3 . 87 

Trav . to Stati on # 1  05 : 03 : 23 : 54 27 . 40 
Stat i on # 1  Tasks : 

Geol . Prep . 05 : 03 : 28 : 28 4 . 57 
Ra ke Sampl es 05 : 03 : 36 : 45 8 . 28 
Doc . Samp l es 05 : 04 : 09 : 07 32 . 37 
Trav . Prep . 05 : 04 : 1 4 :  05 4 . 96 05 : 04 : 1 4 : 05 50 . 1 8  

1 GET i s  i n  days : hours : mi nutes : seconds and represents the end po i nt of a spec i 
fi c acti vi ty .  

2 t.T i s  i n  dec i ma l  mi nutes and represents e l apsed t i me .  

3 Unl ess  otherwi se noted , a l l t raverses are vi a LRV . 
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Event GET liT GET liT 

Trav . to Stati on #2  05 : 04 : 2 1 : 1 0  7 . 08 
Stati on #2 Tasks : 

Geol . Prep . 05 : 04 : 24 : 38 3 . 47 
LPM Measurement 05 : 04 : 45 : 50 2 1 . 20 
Trav . Prep . 05 : 04 : 48 : 07 2 . 28 05 : 04 : 48 : 07 26 . 95 

Trav . to Stati on #3 OS : 04 : 54 : 1 4  6 . 1 2  
Stati on #3 Tas ks : 

Photo Prep . 05 : 04 : 56 : 28 2 . 23 
LRV 11 Grand Pri x 1 1 Dri vi ng 05 : 04 : 59 : 24 2 . 93 
Mortar Pack Acti va t i on 05 : 05 : 06 : 01 6 . 62 
Trav . Prep . 05 : 05 : 08 : 00 1 . 98 05 : 0 5 : 08 : 00 1 3 . 77 

Trav . to LM 05 : 05 : 1 0 :41  2 . 68 
EVA C l oseout : 

Stati on Prep . 05 : 05 : 1 3 : 41 3 . 00 
C l oseout Acti v i t ie s  05 : 05 : 1 6 : 04 2 . 38 
Reset Far U . V . Camera OS : 05 : 1 8 : 20 2 . 27 
Redep 1 oy CRE 05 : 05 : 22 : 1 8  3 . 97 
C l oseout Acti v i ti es 05 : 05 : 53 : 1 4 30 . 93 
Reset Far U . V .  Camera 05 : 05 : 58 : 1 4  5 . 00 05 : 05 : 58 : 1 4  47 . 55 

EVA Termi nati on 05 : 06 : 05 : 04 6 . 83 

Total EVA #1 - 7 h� 1 2 . 1 3  mi n .  



Event 

Start EVA Watch 
Pre- Egress 
Egress 
Fami l i a ri  za t i on 
Offl oad LRV 
Set Up LRV 
LM Inspecti on a�d Pans 
Load LRV 
ALSEP Prep . 
Fl ag Depl oy 
ALSEP Prep . 
ALSEP Tra v .  ( Wa l k i ng Carryi ng 

ALSEP Barbel l ) 
ALSEP Tas k s : 

HFE Depl oy 
Dri l l  Core Sampl e 
Ass i s t  i n  Geophone Dep l oy 
ALSEP Photos 
Dri l l  Core Di sassembl e 
Trav . Prep . and Doc .  Sampl es 

Tra v .  to Stati on #1  
Stati on # 1  Ta s ks : 

Geol . Prep . 
Rake Sampl es 
Doc . Sampl es 
Trav . Prep . 

Trav . to Stat ion #2 
Stati on # 2  Tasks : 

Geo l . Prep . 
Photo Pan and 500mm Photos 
Doc . Sampl es 
Trav . Prep . 

Trav . to Stati on #3  
Stati on #3  Tasks : 

Photo Prep . and Photo CDR/ 
LRV "Grand Pri x " 

Trav . Prep . 
Tra v .  to LM (Wa l k i ng ) 
EVA C l oseout 
EVA Termi nati on 

LMP - EVA # 1  

GET 

05 : 01 : 2 1 : 23 
05 : 01 : 54 : 1 2  
05 : 02 : 00 : 57 
05 : 02 : 23 : 38 
05 : 02 : 31 : 28 
05 : 02 : 56 : 30 

05 : 03 : 30 : 35 
05 : 03 : 36 : 59 
05 : 04 : 09 : 07 
05 : 04 : 1 2 : 2 1 

05 : 04 : 24 : 04 
05 : 04 : 29 : 54 
05 : 04 : 45 : 56 
05 : 04 : 48 : 07 

05 : 04 : 59 : 24 
05 : 05 : 0 1 : 20 

38 . 63 
32 . 82 
6 . 75 

22 . 68 
7 . 83 

2 5 . 03 

6 . 68 
6 . 40 

32 . 1 3  
3 . 23 

2 . 73 
5 . 83 

1 6 . 03 
2 . 1 8 

5 . 1 7  
1 . 93 
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G ET !:IT 

04 : 22 : 52 : 56 
04 : 23 : 04 : 34 1 1 . 63 
04 : 23 : 05 : 43 1 . 1 5  
04 : 23 : 1 5 : 47 1 0 . 07 
04 : 23 : 27 : 1 7  1 1 . 50 
04 : 23 : 32 : 44 5 . 45 
04 : 23 : 42 : 45  1 0 . 02 
05 : 00 : 1 5 : 2 1 32 . 60 
05 : 00 : 23 : 52 8 . 52 
05 : 00 : 26 : 50 2 . 97 
05 : 00 : 33 : 48 6 . 97 

05 : 00 : 42 : 45 8 . 95 

05 : 02 : 56 : 30 1 33 . 75 
05 : 03 : 23 : 54 27 . 40 

05 : 04 : 1 2 : 2 1 48 . 45 
05 : 04 : 2 1 : 20 8 . 98 

05 : 04 : 48 : 07 26 . 78 
05 : 04 : 54 : 1 4  6 . 1 2  

05 : 0 5 : 01 : 20 7 . 1 0  
05 : 05 : 02 : 59 1 . 65  
05 : 05 : 39 : 47 36 . 80 
05 : 06 : 05 : 04 25 . 28 

Tota l EVA # 1  - 7 h� 1 2 . 1 3  mi n .  



49 

CDR - EVA #2 
------- - -

Event GET t�T GET t�T 

Start EVA Wa tch 05 : 22 : 39 : 2 5  
Pre- Egress  05 : 22 : 44 : 33 5 . 1 4  
Egress  05 : 22 : 47 : 05 2 . 53 
Reset Far U . V .  Camera 05 : 23 : 03 : 06 1 6 . 02 
Trav . Prep . 05 : 23 : 09 : 02 5 . 93 
Doc . Sampl es 05 : 23 : 1 6 : 22 7 . 33 
Tra v .  Prep . 05 : 23 : 22 : 33 6 . 1 8 
Reset Far U . V .  Camera 05 : 23 : 24 : 03 1 .  so 
Trav . Prep . 05 : 2 3 : 25 : 24 1 . 35 
Trav . to Stat ion #4 06 : 00 : 09 : 1 4  43 . 83 
Stati on #4 Tasks : 

Geo1 . Prep . 06 : 00 : 1 3 : 39 4 . 42 
Geol . Descri ption  06  : 00  : 16  : 51  3 . 20 
Rake Sampl es 06 : 00 : 24 : 06 7 . 2 5 
Doc . Samp les  06 : 00 : 35 : 31 1 1  . 42 
Trench i ng 06 : 00 : 38 : 01 2 . 50 
Doc . Sampl es 06 : 00 : 51 : 37 1 3 . 60 
Rake Sampl es 06 : 00 : 56 : 36 4 . 98 
Trav . Prep . 06 : 01 : 02 : 20 5 . 73 06 : 0 1 : 02 : 20 5 3 . 1 0  

Tra v .  to Stati on # 5  06 : 01 : 1 0 : 58 8 . 6 3 
Stati on #5  Tasks : 

Geol . Prep . 06 : 01 : 1 6 : 21 5 . 38 
Rake Samp l es 06 : 01 : 41 : 27 25 . 1 0  
LPM Measurement & Sampl es 06 : 01 53 : 42 1 2 . 25 
Trav . Prep . 06 : 01 : 57 : 42 4 . 00 06 : 0 1 : 57 :42  46 . 73 

Trav . to Sta tion #6 06 : 02 : 08 : 1 6  1 0 . 57 
Stat ion #6 Tasks : 

Geol . Prep . 06 : 02 : 1 2 : 1 8  4 . 03 
Doc . Sampl es 06 : 02 : 24 : 27 1 2 . 1 5  
Trav . Prep . 06 : 02 : 26 : 1 5  1 . 80 06 : 02 : 26 : 1 5  1 7 . 98 

Trav . to Stati on #8 06 : 02 : 41 : 1 5  1 5 . 00 
Stat ion  #8 Ta sks : 

Geo 1 . Prep . 06 : 02 : 44 : 42 3 . 45 
Rake Sampl es 06 : 02 : 53 : 1 6 8 . 57 
Doc . Sampl es 06 : 02 : 59 : 43 6 . 45 
LRV Troubl eshooti ng and 

Repos i ti oni ng 06 : 03 : 07 : 54 8 . 1 8  
Doc . Sampl es 06 : 03 : 33 : 34 2 5 . 67 
Trav . Prep . 06 : 03 : 47 : 05 1 3 . 52 06 : 03 : •H : 05 65 . 84 

Trav . to Stat ion #9 06 : 03 : 53 : 48 6 .  72 
Stat ion #9 Tasks : 

Geo 1 . Prep . 06 : 03 : 58 : 24 4 . 60 
Doc . Samp1 es 06 : 04 : 1 9 : 56 2 1  . 53 
Trav . Prep . 06 : 04 : 28 : 1 1  8 . 25 06 : 04 : 28 : 1 1  34 . 38 
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Event GET �T GET 6T 

Trav . to Stati on # 1 0  06 : 04 : 54 : 5 1 26 . 67 
Stati on # 1 0  Tasks : 

Geo1 . Prep . 06 : 05 : 00 : 26 5 . 58 
Doubl e Core 06 : 0 15 : 1 0 :  1 1  9 . 75 
Doc . Samp l es and Photo Pan 06 : 05 : 2 1 : 08 1 0 . 95 
Trav . Prep . 06 : 05 : 2 1 : 50 . 70 06 : 05 : 2 1 : 50 26 . 98 

Trav . to LM 06 : 05 : 24 : 08 2 . 30 
EVA C l oseout :  

Reset Far U . V .  Camera 06 : 05 : 27 : 36 3 . 47 
C l oseout Act i v i t i es 06 : 05 : 49 : 43 2 2 . 1 2  
Reset Far U . V .  Camera 06 : 05 : 51 : 1 9  1 . 60 
C l oseout Acti vi ti es 06 : 05 : 58 : 38 7 . 32 06 : 05 : 58 : 38 36 . 81 

EVA Termi nati on 06 : 06 : 02 : 34 3 . 93 

Total EVA #2 - 7 hr. 2 3 . 1 5  mi n .  
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LMP - EVA #2  

Event GET fiT GET fiT 

Start EVA Watch 05 : 22 : 39 : 25 
Pre- Egres s 05 : 22 : 48 : 03 8 . 6 3  
Egress 05 : 22 : 49 : 29 1 . 43 
Trav . Prep . 05 : 23 : 26 : 32 37 . 05 
Trav . to Stat ion #4 06 : 00 : 09 : 1 4  42 . 70 
Stati on #4 Tasks : 

Geol . Prep . 06 : 00 : 1 2 : 56 3 . 70 
500rrm Photos 06 : 00 : 1 6 : 49 3 . 88 
Rake Sampl es 06 : 00 : 24 : 06 7 . 28 
Penetrometer 06 : 00 : 37 : 09 1 3 . 05 
Doubl e Core 06 : 00 : 48 : 51 1 1 . 70 
Ra ke Samp 1 es 06 : 00 : 56 : 25 7 . 57 
Photo Pan 06 : 00 : 58 : 09 1 .  74  
Trav . Prep . 06 : 01 : 01 : 29 3 . 33 06 : 01 : 01 : 29 52 . 25 

Trav . to Stat ion #5 06 : 0 1 : 1 1 : 1 6  9 . 78 
Stati on #5  Ta sks : 

Geol . Prep . 06 : 01 : 1 7 : 02 5 . 77 
Ra ke Sampl es 06 : 01 : 4 1  : 1 8  24 . 27  
Doc . Sampl es 06 : 01 : 50 : 46 9 . 47 
Trav . Prep . 06 : 01 : 56 : 47 6 . 02 06 : 01 : 56 : 47 45 . 53 

Trav . to Stati on #6 06 : 02 : 08 : 1 3  1 1 . 43 
Stati on #6 Tas ks : 

Geol . Prep . 06 : 02 : 1 2 : 07 3 . 90 
Doc . Sampl es 06 : 02 : 24 : 27 1 2 . 33 
Trav . Prep . 06 : 02 : 2 5 : 58 1 . 52 06 : 02 : 25 : 58 1 7 . 7 5 

Tra v .  to Stati on #8 06 : 02 : 41 : 1 5  1 5 . 28 
Stati on #8 Tasks : 

Geol . Prep . 06 : 02 : 43 : 23 2 . 1 4 
Doubl e Core 06 : 03 : 02 : 01 1 8 . 6 3  
LRV Troubl es hooti ng & Wa l k  to 

a New Sampl i ng Si te 06 : 03 : 06 : 48 4 . 78 
Doc . Samp l es 06 : 03 : 33 : 34 26 . 77 
Tra v .  Prep . 06 : 03 : 45 : 45  1 2 . 1 8 06 : 03 : 45 : 45 64 . 50 

Trav . to Stat i on #9 06 : 03 : 53 : 48 8 . 05 
Stati on #9 Ta sks : 

Geol . Prep . 06 : 03 : 55 : 2 1 1 . 5 5  
500mm Photos 06 : 03 : 56 : 45 1 . 40 
Si ng l e  Core 06 : 04 : 1 4  : 31 1 7 . 77 
Doc . Sampl es 06 : 04 : 1 9  : 4 3 5 . 20 
Tra v .  Prep . 06 : 04 : 27 : 30 7 . 78 06 : 04 : 27 : 30 33 . 70 
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Event GET AT GET AT 

Trav . to Stati on # 1 0 06 : 04 : 54 : 51 27 . 35 
Stati on #1 0 Tasks : 

Geol . Prep .  06 : 05 : 02 : 21 7 . 50 
Penetrometer 06 : 0 5 :  1 8 :  1 5  1 5 . 90 
Tra v .  Prep . 06 : 05 : 20 : 40 2 . 42 06 : 05 : 20 : 40 25 . 82 

Tra v .  to LM (Wa l k i ng ) 06 : 05 : 2 1 : 28 . 80 
EVA Cl oseout 06 : 05 : 47 : 50 26 . 37 
EVA Termi nat i on 06 : 06 : 02 : 34 1 4 . 7 3 

Tota l EVA # 2  - 7 h� 2 3 . 1 5  mi n .  
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CDR - EVA #3 

Event GET t.T GET �T 

Start EVA Watch 06 : 2 1 : 27 : 1 8 
Pre- Egress 06 : 2 1 : 36 : 03 8 . 75 
Egress 06 : 21 : 39 : 45  3 . 70 
LRV Load Trav . Prep . 06 : 22 : 00 : 34 20 . 82 
Reset Far U . V .  Camera 06 : 22 : 03 : 44 3 . 1 7  
Trav . Prep . 06 : 22 : 04 : 35 . 85 
Trav . to Stati on #1 1 06 : 22 : 45 : 09 40 . 57 
Stati on # 1 1 Tas ks : 

Geo1 . Prep . 06 : 22 : 48 : 41 3 . 53 
Geol . Descri pti on & Samp l es 06 : 22 : 56 : 27 7 . 77 
Doc . Sampl es 06 : 23 : 1 9 : 1 7  22 . 83 
Rake Sampl es 06 : 23 : 40 : 59 21 . 70 
Doc . Samp l es at "House Rock . . 06 : 23 : 55 : 36 1 4 . 62 
Samp les  and Trav . Prep . 07 : 00 : 08 : 58 1 3 . 37 07 : 00 : 08 : 58 83 . 82 

Trav . to Station #1 3 07 : 00 : 1 7 : 39 8 . 68 
Statton #1 3 Ta sks : 

Geol . Prep . 07 : 00 : 2 1 : 43 4 . 06 
Rake Sampl es 07 : 00 : 27 : 31 5 . 80 
LPM Measurements 07 : 00 : 42 : 53 1 5 . 37 
Trav . Prep . 07 : 00 : 46 : 33 3 . 67 07 : 00 : 46 : 33 28 . 90 

Trav . to Stati on #1 0 1  07 : 01 : 1 5 : 38 29 . 08 
Stati on #1 0 1  Tasks : 

Geol . Prep . 07 : 01 : 22 : 02 6 . 40 
Rake Sampl es 07 : 01 : 35 : 51 1 3 . 82 
Doubl e Core 07 : 01 : 38 : 27 2 . 60 
Doc . Sampl es 07 : 01 :42 : 43 4 . 27 
Trav . Prep . 07 : 01 : 48 : 39 5 . 93 07 : 01 : 48 : 39 33 . 02 

Trav . to LM 07 : 01 : 51 : 05 2 . 43 
EVA Cl oseout : 

Cl oseout Acti vi t i es 07 : 01 : 55 : 1 6  4 . 1 8 
Reset Far U . V .  Camera 07 : 01 : 57 : 03 1 .  78 
Cl oseout Acti v i ti es  07 : 02 : 03 : 1 6  6 . 22 
Retri eve Cosmi c Ray Exp . 07 : 02 : 1 4 : 1 1  1 0 . 92 
C l oseout Act i v i t i es 07 : 02 : 22 : 43 8 . 53 
Park LRV 07 : 02 : 27 : 09 4 . 43 
C l oseout Acti vi ti es 07 : 02 : 37 : 27 1 0 . 30 
LPM Measurements 07 : 02 : 48 : 20 1 0 . 88 
C l oseout Act i vi t i es 07 : 03 : 01 : 23 1 3 . 05 
Remove Far U . V .  Camera 

F i l m  Mag . 07 : 03 : 02 : 1 1  . 80 
Cl oseout Acti vi ti es  07 : 03 : 07 : 40 5 . 48 07 : 03 : 07 : 40 76 . 58 

EVA Termi nat ion 07 : 03 : 1 1 : 20 3 . 67 

Total EVA #3  - 5 h� 44 . 03 mi n .  
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LMP - EVA #3  

E�ent GET �T GET �T 

Start EVA Wa tch 06 : 21  : 2 7 : 1 8 
Pre- Egress 06 : 2 1 : 39 : 22 1 2 . 07 
Eg res s 06 : 2 1 : 39 : 55 . 55 
LRV load and Trav . Prep . 06 : 22 : 04 : 28 24 . 55 
Trav . to Stat ion #1 1 06 : 22 : 45 : 09 40 . 68 
Stati on R l l  Tasks : 

Geol . Prep . 06 : 22 : 48 : 52 3 . 72 
Photo Pan and Geol . Descri pti on 06 : 23 : 07 : 24 1 8 . 53 
Doc . Samp l es 06 : 23 : 1 2 : 42 5 . 30 
500mm Photos 06 : 2 3 : 1 6  : 0 1 3 . 32 
Doc .  Sampl es 06 : 23 : 29 : 56 1 3 . 92 
Rake Sa.mpl es 06 : 2 3 : 40 : 59 1 1  . 05 
Doc . Sampl es at  .. House Rock 1 1 06 : 23 : 55 : 36 1 4 . 62 
Sampl es and Trav . Prep . 07 : 00 : 08 : 58 1 3 . 37 07 : 00 : 08 : 58 83 . 82 

Trav . to Stati on #1 3 07 : 00 : 1 7 : 39 8 . 68 
Stati on #1 3 Tasks : 

Geol . Prep . 07 : 00 : 1 8 :  56 1 . 28 
Photo Pan and Geol . Descri pti on 07 : 00 : 22 : 55 3 . 98 
Rake Samp l es 07 : 00 : 27 : 31 4 . 60 
Doc . Sampl es 07 : 00 : 42 : 04 1 4 . 56 
Trav . Prep . 07 : 00 : 46 : 33 4 . 48 07 : 00 : 46 : 33 28 . 90 

Trav . to Stati on # 1 0 1 07 : 01 : 1 5 : 38 29 . 08 
Stati on # 1 0 1  Tasks : 

Geol . Prep . 07 : 01 : 20 : 52 5 . 23 
Rake Sampl es 07 : 01 : 34 : 43 1 3 . 8!:t 
Doubl e Core 07 : 01 : 42 : 43 8 . 00 
Trav . Prep . 07 : 01 : 43 : 49 1 . 1 0  07 : 01 : 43 : 49 28 . 1 8  

Trav . to LM (Wal ki ng } 0 7 : 0 1 : 44 : 4 1  . 87 
EVA Cl oseout 07 : 02 : 59 : 37 74 . 93 
EVA Termi nati on 07 : 03 : 1 1 : 20 1 1 . 72 

Tota l EVA #3 - 5 h� 44 . 03 mi n .  
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APPEND IX  B 

DETAILED ANALYSES OF THREE MOB IL ITY SEGMENTS 
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EVA 1 - ALSEP Traverse 

Deta i l ed analysi s of certa i n  segments of thi s  traverse are g i ven 

bel ow .  Reference ti me refers to  t he  cumu l ati ve t ime i n  Tab le  1 ,  Secti on 

I I .  

Segment 1 - Move from LM toward ALSEP s i te wi th ALSEP package . Stopped 

to adjust  package . Left foot l eadi ng , ki cked up soi l . 

Di stance - 1 0 . 2  ft . 

T ime - 4 . 75 sec . 

Rate - 2 . 1 5  ft . /sec . 

Segment 2 - LMP started , after s top to adj ust  package . 

In i t i a l s tri de , wi th ri ght foot fi rst .  Leaned forward . 

Di s tance - 1 . 6 ft . 

T ime - 2 . 1  sec . 

Rate - . 76 ft . /sec . 

Conti nue to move wi th ALSEP package . 

Di s tance - 8 . 7  ft . 

Ti me - 5 . 3  sec . 

Avg . Rate - 1 . 64 ft . /sec . 

Ma x .  Rate - 2 . 08 ft . /sec . 

Segment 3 - LMP entered fi el d of vi ew whi l e  ca rryi ng ALSEP package 

to s i te l ocati on . Th i s  was a conti nuation of segments 1 and 2 a bove , but 

porti ons were l os t  due to TV camera not fol l owi ng i n  synchron i zati on . 

Thi s segment ends wi th ALSEP Package # 2 comi ng l oose and droppi ng to the 

surface . 

A s i gn i fi cant feature of thi s Segment 3 i s  that the l eft foot fre

quently trai l ed the ri ght i n  a "canter " type of moti on . Col umn 5 i n  the 
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fol l owi ng tabl e s hows the respecti ve ri ght  and l eft foot di s tances as 

each was pl aced i n  advance of the other.  Note the genera l l y  shorter s tep 

di s tance for the l eft foot .  

Success i ve s tri de 1 l engths , t imes , a nd rates , pl us the  foot advance 

di s tances , are as  s hown . 

Col . 1 Col . 2 Col . 3 Col . 4 

1 .  
2 .  
3 .  
4 .  
5 .  

6 .  
7 .  
8 .  
9 .  

1 0 .  

Stri de 
Step Di s tance ( ft . } T ime ( sec . )  Rate ( ft . / sec . )  
R ight  1 . 60 . 67 2 . 4  
Left 2 . 73 1 . 46 1 . 9 
Ri g ht  3 . 1 5  1 . 50 2 . 1  
Left 2 . 1 2  1 . 34 1 . 6 
Ri ght 2 . 1 8 1 . 38 1 . 6 

( ALSEP RTG package s tarts to fa 1 1 . )  
Left 2 . 1 8 1 . 36 1 . 6 
Ri ght . 87 1 .  09 0 . 8  
Left . 80 1 . 1 7  0 . 7  
Ri ght  1 . 28 1 . 28 1 . 0 
Left ( s top )  2 . 75 1 . 1 6  2 . 4 

( ALSEP RTG pac kage h i ts  surface . )  

SuiTITla ry of Segment 3 data : 

Di stance - 1 0 . 58 ft . ( based on l eft foot ) 

T ime - 6 . 49 sec . 

Rate - 1 . 63 ft. /sec . 

LMP stops wi th l eft foot on surface . 

Col . 5 
Step 

Di s tance ( ft .  ) 
1 . 60 
1 . 1 3  
1 . 92 
0 . 20 
1 . 98 

0 . 1 8  
0 . 69 
0 . 1 1  
1 . 1 7  
1 . 58 

Ri ght  l eg reacts , does ki cki ng type moti on to about a 35-40° angl e 

to front and s i de ,  and comes back to s urface i n  about one ( 1 )  sec . LMP 

conti nues to react to RTG package fal l i ng at thi s poi nt  wi th the l eft 

foot mov i ng out to h i s l eft , and by a bounci ng type moti on .  LMP returned 

1 Stri de : Di s tance moved by one foot from one s topped posi ti on to the next . 
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both feet to surface at about the same posi ti on they were i n  j ust  before 

11 stop 11 (#1 0 )  s hown a bove . Thi s reacti on took about 1 . 5 seconds . Another 

3 . 5  seconds were used by LMP to regai n ba l ance , make a 90° turn to h i s 

ri ght to face package , and prepare to approach i t .  

The l ast  three or four steps (#7-1 0 i ncl . )  refl ect the effect of the 

RTG package droppi ng off . The pace up to thi s poi nt was averag i ng between 

1 . 6 and 2 . 0 ft . / sec . , but cons i derabl e bounci ng , and ki cki ng of soi l , was 

evi dent .  The  l oad of  41 . 5  pounds moon wei g ht ( ALSEP packages of  approxi 

matel y  21 l bs .  each ) evi dently reduced the vel oci ty and mobi l i ty of the 

LMP . Thi s event ( package droppi ng ) ,  however , demonstrates the abi l i ty of 

crewmen to react promptl y ,  and wi thout di sabi l i ty ,  to anoma l i es i n  l oad . 

EVA 2 - CDR Traverse Down Rim of Ci nco B Crater 
- -- -- - �� 

At 2 . 25 hours i nto EVA 2 ( start at  06 : 00 : 55 : 1 2  G ET )  both crewmen 

were at Stati on 4 ,  C i nco B ,  at a l ocati on approxi mate ly  1 35 feet south 

(at 7 o • cl oc k )  of the LRV whi ch i s  i ns i de of  the crater . The crewmen 

had j ust  comp l eted samp l e  col l ection , and started for the LRV , when thi s 

mobi l i ty segment began .  Deta i l data are a s  fol l ows : 

1 .  Genera l - CDR moves toward LRV ( and camera ) from j ust over ri dge 

of crater , mak i ng a curvi ng path whi ch i ncreased the strai ght- l i ne di s 

tance by a n  esti mated 1 5% .  The path was down a s l ope o f  approxi matel y  

1 0° wi th the surface a l so s l opi ng to the CDR 1 s  l eft about 1 0° .  The a rea 

was covered wi th rock$  of vari ous s i zes up to 3 feet across . 

2 .  Locati on  - Stati on 4 ,  Ci nco B Crate r ,  traverse from a poi nt 

approxi matel y  1 35 feet to the south (7 o • c l ock ) of the LRV to the LRV , 

s l opi ng downh i l l ,  1 0° . 



59 

3 .  Mode - Wal k ,  genera l l y  even s teps , wi th characteri st ic  wi despread 

s tance and a bounc i ng moti on . Carryi ng rake and gnomon , one i n  each hand . 

These tool s ,  about 32 and 38 i nches l ong respecti vel y ,  had to be hel d by 

the CDR wi th h i s a rms extended a l mos t hori zonta l ly i n  front of h i m .  

4 .  Rate - Di s tance travel ed was 1 69 feet i n  76 seconds at  2 . 22 ft . / sec .  

Took 81  s teps for an  average di s tance of 2 . 09 ft . / s tep , or an average 

stri de of 4 . 1 8  feet . 

5 .  CommE!nt  - The average rate i s  con s i s tent wi th other traverses of 

l onger  di stances . CDR used a more conventi onal wal k  pace , rather than 

the hoppi ng-type pace used by most  astronauts . The fact that the CDR had 

to carry the rake and gnomon , both fai rl y  l ong , hel d out i n  front of hi m ,  

probably sl owed the rate of travers e .  I t  i s  apparent that thi s and the 

rocky downhi l l  s l opes caused the CDR to exerc i se  a g reater degree of cau 

ti on i n  thi s traverse than over a nomi nal , l evel , uncl uttered area , whi l e  

not carryi ng anyth i ng . Under the l atter condi tions , a 1 5% to 20% i nc rease 

mi ght be atta i ned . The LMP came toward the camera at  the s ame t i me (both 

were i n  the pi cture ) , and used a di sti nct hop or canter-type moti on , wi th 

one foot a l ways i n  front .  The l atter k i c ked u p  more soi l than  the CDR , 

who used the l /6-g to advantage by usi ng a "bounce " wi th many of h i s steps . 

I t  i s  apparent that both modes of traverse may be used effecti vel y ,  

dependi ng on the i nd i v i dual  crewmember .  

EVA 3 - CDR o n  Traverse to House Rock at  Stati on 1 1  

At 2 hours and 20 mi nutes i nto EVA 3 ,  whi l e  at Stati on  1 1 , the crew

men traversed from the s i te of samp l e  col l ecti on #388 to a l a rge rock 

known as House Rock . The GET was 06 : 23 : 41 : 00 at  s tart of  travers e .  The 

d i s tance travel ed was 258 feet i n  a northeast  di recti on , acros s rel ati vely 
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smooth , l evel terra i n ,  whi ch conta i ned scattered l arge rocks . There was 

a gradual downward s l ope near  the rock . The CDR fol l owed a 1 1Wanderi ng 11 

route whi ch added about 1 5% to the stra i ght- l i ne di s tance . The nature of 

thi s terrai n presented no mobi l i ty di ffi cul ty and the CDR was abl e to move 

i n  a wal k i ng-type gai t at about 3 . 0  ft . /sec . 

1 .  Locati on - Station 1 1 , approachi ng House Rock , l ocated about 

475-500 feet to the northeast of the LRV . The path fol l owed by the CDR 

( and LMP ) was from the s i te of samp l e  #388 , l ocated about 220 feet north

east of the �RV . 

2 .  Mode - CDR used wal k ,  wi th  genera l l y  even s teps , wi despread stance , 

and bounci ng moti on . Thi s mode resul ted i n  a mi n imum of soi l k i cki ng and 

breaki ng of s tri de . The CDR al so was not carryi ng any tool s or other 

equi pment .  

3 .  Rate - Di s tance trave l ed was 297 feet i n  99 seconds for an average 

rate of 3 . 0  ft . /sec .  Average l ength of s tep was 2 . 28 feet . The average 

l ength of stri de was 4 . 56 feet . Metabol i c  rate for CDR duri ng thi s trav

erse was 1 1 1 2  BTU . The LMP accompl i shed essenti a l l y  the same traverse 

( d i s tance , rate , etc . ) , but used more of the 11hOp 11 or  11canter .. type of 

moti on , whi ch resul ted i n  more di rt k i cki ng . Hi s metabol i c  rate for th i s  

segment was 1 1 85 BTU/ h r .  

4 .  Comment - Th i s  traverse represented the h i ghest mobi l i ty rate yet 

mai ntai ned for any s i gn i f i cant di s tance . Here the condi ti ons were favor

abl e to such a traverse ,  and the i ncenti ve to reach  one of the mos t  s i g 

ni fi cant geol ogi ca l  s i tes of any EVA , a l so i nfl uenced the successful  

accompl i shment .  I t i s  noteworthy that the BTU rates are j ust about nor

mal for wal ki ng acti vi ty .  
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APPENDIX  C 

T IME COMPARISONS OF SUB-TASKS 



T IME COMPARISONS OF SUB-TAS KS 

1 -G Tra i n i ng EVA 1 Rat i o  
Sub-task  ( Commander )  2/24 3/29 4/ 1 1  4/2 1  

( A )  (B) ( C )  ( D )  (D/ C )  

Checkout LRV 
Mount and test  dri ve LRV N /D 3 . 37 3 . 20 6 . 54 1 2 . 04 

Offl oad Far U . V .  Camera 
1 .  Remove camera from LM and 

carry to dep l oyment s i te 3 . 90 3 . 20 2 . 60 4 . 80 1 . 85 
2 .  Depl oy camera & battery on 

surface 1 .  75 1 . 40 1 . 90 2 . 68 1 . 41 
3 .  Level and a i m  camera 4 . 1 5  3 . 80 4 . 25 9 . 672  2 . 30 

F l ag Depl oy 
l .  Unstow and as sembl e fl ag 2 . 1 0  2 . 00 1 . 80 3 . 58 1 . 99 
2 .  Depl oy fl ag o n  surface . 55 • 35 . 55 . 92 1 . 67  
3 .  Photography a t  fl ag 1 . 36 1 . 55  . 85 1 . 1 2  1 . 32 

Connect RTG 
1 .  Connect RTG cabl e to central 

s tat ion ( C/S ) .  2 . 90 2 . 20 2 . 30 5 . 93 3 2 . 58 
2 .  Remove subpa l l et and PSE  

stool from Package 2 .  3 . 70 4 . 95 3 . 60 5 . 2 1 1 . 45 

1 CDR d i d  cons i derab ly  more dri vi ng i nfl i ght than dur i ng trai n i ng .  

2 Infl i ght a i mi ng procedures were d i fferent and more t ime-consumi ng than 
the a i mi ng procedures  used i n  tra i n i ng .  

3CDR commented that he had cons i derabl e d i ffi cul ty connecti ng the RTG 
cabl e to the C/S .  

N/D - No Data 

V - Voi ce 

TV - Tel evi s i on 

NOTE : Al l t imes are i n  dec imal  mi nutes . 
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EVA 
Data 
Source 

v 

v 

v 

v 

TV 
v 

TV 

v 

VTV 
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T IME  COMPARI SONS OF SUB-TASKS ( conti nued ) 

1 -G Trai ni ng EVA 1 Rat i o  EVA 
Sub-task  ( Commander )  2/24 3/29 4/ 1 1  4/21 Data 

( A )  ( B )  ( C )  ( D )  ( D/ C )  Source 

Dei:!l o� PSE 
1 .  Dep l oy and l evel PSE 6 . 40 4 . 45 4 . 00 8 . 47 2 . 1 2  v 

2 .  Remove & dep l oy thumper 
geophone ( T/G ) 1 .  90 1 . 45 . 90 2 . 234  2 . 48 VTV 

Offl oad Mortar Package 

Remove and dep l oy mortar 
package ( M/ P )  2 . 40 2 . 45 2 . 00 2 . 38 1 . 1 9  TV 

Assembl e and Al ign Antenna 

Acti vate C/S . 50 N/ D . 45 . 98 2 . 1 8  v 

Deel o� LSM 
1 .  Carry LSM to dep l oy s i te N/D 1 . 85 1 . 55  1 . 80 1 . 1 6  TV 

2 .  Depl oy and a l i gn LSM N/D 3 . 55 2 . 50 4 . 72 1 . 89 VTV 

Acti ve Sei smi c Ex!:!eri ment 
T/G fi ri ng N/D 1 1 . 1 0  1 2 . 00 1 4 . 95 5  1 . 24 VTV 

Set Ue Mortar Package 
1 .  Carry M/P to depl oy s i te & 

set on surface N/D 1 . 40 1 . 1 0  6 . 27 6  5 . 70 VTV 

2 .  Depl oy M/ P N/D 1 . 60 . 95 1 .  76 1 . 85 VTV 

3 .  P l ace M/P 1 n  base N/D 1 . 05 1 .  75 3 . 75 2 . 1 4  VTV 

4CDR had di ffi cu l ty w·ith the
. 

T/G cabl e reel ten s i on .  (The ten s i on was so 
great that i t  caused the C/S to move when the CDR pul l ed on the T/G . )  

5 I nfl i ght  the CDR had to wa i t  for the LMP to stop movi ng  before every 
thumper fi ri n g .  Duri ng  tra i ni ng thi s  procedure was not ri gorousl y  fol l owed . 

6CDR had cons i derabl e probl ems depl oyi ng  the M/P ba se l egs . 



. 
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T IME COMPARISONS OF SUB-TASKS (conti nued ) 

Sub-task ( Lunar Modul e  Pi l ot )  

LM Ins�ect ion & Pans  
Photo LM 

Load LRV 

1 .  Load LCRU & HGA on LRV 
2 .  Load & confi gure TV camera 

on LRV 

De�1 oy HFE 
Obtai n  & confi gure ALSO 

Bore Hol e  1 Dri l l i ng 
l .  Assembl e bore s tems onto 

dri l l  

2 .  Dri l l  1 st bore s tem i nto 
surface 

3 .  Assembl e 2nd bore stem 
onto dri l l  

1 -G Tra i ni ng EVA 1 
2/24 3/29 4/1 1  4/21 

(A ) ( B )  ( C )  ( D )  

5 . 52 5 . 1 5  3 . 1 5  1 0 . 02 1  

9 . 83 1 1 . 93 1 3 . 1 0  1 2 . 832  

NjD 4 . 52 4 . 55 5 . 62 3 

3 . 65 N/0 3 . 68 5 . 27 

N/0 N/0 . 95 3 . 444 

N/0 3 . 88  2 . 34 1 . 205 

N/0 N/0 1 . 37 3 . 2rf+• 5  

Rati o 

( D/C )  

3 . 24 

. 98 

1 . 24 

1 . 43 

3 . 6 3  

. 5 1  

2 . 34 

1 LMP was requi red to take many more photographs than was pl anned and 
practi ced in  tra i n i ng .  

2 LMP had di ffi cul ty l ocki ng the HGA d i s h . 

EVA 
Data 
Source 

v 

v 

v 

TV 

TV 

TV 

TV 

3 I n  trai ni ng the TV camera was on a tri pod at 1 2 : 00/50 ' . Infl i ght the TV 
camera was obtai ned from the MESA . 

4 LMP had consi derab l e di ffi cu l ty i nserti ng the bore s tem i n to the dri l l  
chuck . 

5 The d i fferences i n  soi l characteri sti cs  between the tra i ni ng s i te and 
the l unar surface make these acti vi t ies n0ncomparabl e .  


