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1 . 0  I NTRODUCTION 
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SECT ION I 

GENERAL INFORMATI ON 

Th i s  section con tai ns general i nformati on perta i n i ng to the fl i ght ope rati onal 
Lunar Rovi ng Veh i c l e  ( LRV ) .  Where appl i cabl e ,  the l G  Tra i ner  di ffe rences are 
noted .  

1 . 1  DESCRI PT ION 

The LRV sys tem on the l unar surface cons i sts of the LRV ,  the s truc ture for 
securing the LRV to the LM s towage bay and the mechani sm for depl oying  the 
LRV from the LM onto the l una r surface . 

1 . 2 VEHICLE SYSTEMS 

The LRV ( fi gure 1- 1 ) i s  a four-whee led ,  sel f-prope l led , manua l ly control l ed 
veh i c l e  to be used for transporting  c rewmen and equi pment on the lunar surface . 
The veh i c l e  has accommodati ons for two crewmen and the stowed aux i lia ry equip
ment designed for the parti cu l ar m i s s i on .  

Control of the LRV duri ng traverses i s  effected from e i ther o f  the two crewmen 
pos i t i ons by operating the hand contro l l e r  located between the two c rewmen 
posi t i on s .  Se lect ion of power supp l i e d  to each l oad, mon i toring of key pa ra
meters , and operati on of the navi gation system i s  effected from the control 
and d i sp lay consol e ,  whi ch i s  l ocated for opera t ion by e i ther crewman .  

*** l G  Tra i ner Notes*** 

1 .  l G  Trai ner veh i cle systems 
are shown on fi gure 1 -2 .  

2 .  E l ectrical  bl ock d i agrams for 
the lG Tra i ne r  are p rovi ded i n  
Sect ion 8 . 0 .  

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

1 2/4/70 Change Uate -�_!_9!__?..!..__ Paqe 
Miss ion J Bas i c  Date 
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1.3 MOB I L I TY SUBSYSTEM 

The mobi l i ty subsystem (figure 1-3) consists of the chassis and equi pment and 
contro l s  necessary to propel ,  suspend, brake and steer th� L R V .  

1.3.1 Wheel 

Each wheel (figure 1 -4, Sh 1) includes an open wire mesh t i re with chevron tread 
covering 50 percent of the surface contact area . The t i re i nner frame prevents 
excessi ve defl ecti on of the outer w i re mesh frame under h i gh i mpact l oad con
ditions. 

Each wheel has a decoupl ing mechan i sm (figure 1-5) and can be decoupled  from 
the traction dri ve by operating the two decoupJ i nq mechan i sms (figure l - 10)  
wh i ch a l l ows the wheel to  "free-wheel"  about a bearing independent of the 
drive train . This  decoup l i ng mechanism can a l so be used to re-engage the 
wheel wi th the traction dri ve .  Decoupl i ng di sables the brake on the affected 
wheel . 

*** lG  Trai ner Notes*** 

1. The 1 G Trai ner tires for pri mary use are 
pneumatic automobi l e  t i res (fi gure 1-4, Sh 2) 
Speci a l  wi re mesh wheels are a l so avail -
able for use ·wi th the l G  Trai ner . 

2 .  The l G  Trainer has s i mu l ated wheel de
coupling mechani sms to dupl i cate the 
LRV-to-Crew i nterface . Operati on of 
thi s  s i mu l a ted mechani sm, however, wi l l  
not effeLt actual decoupl i ng.  Procedures 
for l G  Trai ner wheel decoupling are shown 
i n  Secti on 8 .  Wheel decoupl ing on the 
lG Trainer does not d i sabl e  the brake on 
the affected whee l s .  

1.3.2 Trac ti on llrive 

[cJch wheel is provi ded wi th a separate tracti on dri ve (figure l -5 ,  Sh 1 )  consi s tinq 
of d harmon i c  drive reductjon unit, dri ve motor and brake assembly. Each 
tract i on dri ve i s  hern�ti ca l ly sea led to mai n ta i n  a 7 . 5  P S I A  internal pres-
sure for i mproved brush l ubricat i on .  Each tract i on dri ve also con tains an 
odometer pi ckup wh i ch transmits a pulse to the navi ga t i on system s i gnal pro
cessing t.ni t at  the rate of n ine pulses per wheel revolution . 

Missi on J . Basic Date 12/4/ 70 Change Da te __ 4j.JJJ]J.._ Page 1-5 
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*** l G  Trai ner Notes*** 

1 .  The tracti on dri ve for the l G  Tra i ner  has a 
3 -stage pl anetary gear box i n  l i eu of the 
harmoni c  d ri ve , (fi gure 1 -5 ,  Sh 2 ) . 

2 .  l G  Trai ner t racti on dri ves are not hermetica l ly  
sealed .  

H armoni c  Dri ve 

The four han1mn ic  dri ve reduct i on uni ts t ransmi t torque to each wheel . Input 
torque to the four harmon i c  dri ves i s  suppl i ed by the four e l ectri c drive 
motors . The ha rmon i c  dri ves reduce the motor speed at the rate of 80:1 and 
al l ow cont inuous appl i cat ion of torque to the whee l s  at a l l  speeds wi thout 
requiri ng gear s h i ft i ng, Speed/torque/effi ci ency characteri s t i cs of the 
ha rmon i c  dri ve un i ts are shown i n  Appendi x  A .  

1 .  3 . 2 .  2 Dri ve Motor. 

The dri ve motors are d i rect current  series , b rush  type motors wh i ch operate 
from a nom ina l  i nput vol tage of 36 VDC . Speed control for the motors i s  
furni shed by pul se wi dth modu l a t ion from the dr ive control l e r  e lectron i c  
pa ckage . Performance characte ri s t i cs for the dr i ve motors are shown i n  
Appendi x A .  Suspens i on system attach' fi tt i ngs on each motor a l so form the 
king-pi n for the LRV s teering system . Each motor i s  i ns t rumented for thermal 
mon i tori ng .  An anal og temperature measurement from a thermi s tor at the 
stator  f i e l d  i s  d i s p l ayed on the control and d i s p l ay pane l . I n  add i -
t ion , each motor conta i ns a thermal swi tch whi ch cl oses on i nc reas ing  tempe ra 
ture at 4U0 ° F  and provi des an i nput s i gnal  to the cau t i on and warn i ng system 
to actuate the waming flag . 

***l G Trainer Notes*** 

1 .  The lG l ra i ne r  dri ve motors operate fro111 a 
nomi nal input volta�e of 34 VDC .  

2 .  The lG  T ra i ner gear ho x th0rmal swi tch wi l l  
actuate the warn i ng f lag  when a gear box temp
erature reaches 200°� .  The i ndi cated tempe ra 
ture , howeve r ,  wi l l  be 450°F to 500° F  upon 
actuati on, s i nce the rea douts a re bi ased . 

3 .  The l G  Tra i ner  motor temperature swi tch i �  
set to actuate the f l a g  when the motor external 
case temperature reaches 225° F .  Th i s  tempera
ture at the case woul d  correspond to a rotor 
tempe rature of  about 450°F. 

Miss i on __ .J._ _ _  Bas i c  Date 1 2/4/70 Change Date 4/ 1 9/7 1  Page 1 - 1 2  
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Each traction d rive i s  equi pped wi th a mechanica l  brake actuated by a cable 
connected to a l i nkage in the hand control l e r .  S toppi ng  d i s tance capabi l i ty 
us i ng these brakes i s  shown i n  Appendi x A .  

Brak ing  i s  accompl i shed by moving the hand contro l l e r  rearwa rd. Th i s  opera 
t i on de-energi zes the dri ve motor and , through a l i nkage and cabl e ,  forces 
brake shoes agai nst a brake drum whi ch s tops the rotati on of the wheel hub 
about the harmoni c  dri ve . 

1 .  3. 3 

*** lG  Trai ner Note*** 

The l G  Trai ner brakes are hydraul i ca l ly 
actua ted d i sc  brakes . Brakes are actuated 
by the hand contro l l er i n  the same manner 
as the L RV mechani ca l  brakes . 

Suspens ion 

The chassi s ( fi gure 1 -7 )  i s  suspended from each wheel by a pai r  of pa ral l el 
tri angul ar  arms connected between the LRV chas s i s  and each tracti on dri ve .  
Loads are transmi tted to the chas s i s  through each suspens i on a rm to a 
sepa rate tors ion bar for each arm . . Wheel verti cal travel and rate of travel 
i s  l i mi ted by a l i near da�per connected between the chas s i s  and each 
traction dri ve .  The deflect i on of the suspens i on system and t i res combi ne 
to a l l ow 1 4  i nches of cha s s i s  ground clearance when the L RV i s  ful l y  l oaded 
and 1 7  i nches when unloaded . 

Damping ene rgy heats the fl u i d  i n  the damper. The heat i s  conducted from 
th� fl u i d  to the damper wal l s  for di s s i pati on .  

The suspens ion systems can be rotated approxi ma tely  1 35 degrees to a l l ow 
fol d i ng and LRV s towage i n  the LM .  

M i s s i on J 

*** lG  Trai ner Notes*** 

1 .  l G  Tra i ner suspensi on i s  not desi gned 
to allow fol d i ng for LM s towage . 

2. l G  T ra i ner suspens i on system conta i ns 
only a lower torsi on bar on each wheel . 

Basic Date 1 2/4/ 70 Change Date 4/ 1 9/7 1  
----
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LRV stee ring  ( fi gure l -8)  i s  accompl i shed by Ackermann -geometry stee ring of  
both the front and rear wheel s  a l l owi ng a wal l -to -wal l  turn i ng rad i us of 
1 22 i nches . Steeri n g  i s . control l ed by moving  the hand control l er  l eft or 
ri ght from the nomi nal pos i ti on .  Thi s operat i on energi zes sepa rate el ectric  
motors for the front and rear whee l s ,  and through a servo system , provi des a 
steeri ng angl e proportional  to the pos i t i on of the hand contro l l e r .  ( The 
steeri ng control bl ock di agram i s  shown i n  fi gure l -9 ) . 

Each s teeri ng motor i s  connected to a speed reducer whi ch dri ves a spur gear 
sector whi ch , i n  tu rn, actuates the s teeri ng l i nkage to accompl i sh the change 
i n  steeri ng angl e .  Maximum tra ve l  pos i tion o f  the sector provi des an outer 
wheel angl e of 22 degrees and i nner wheel angle of 50 degrees .  The stee ri ng 
rate i s  such that l ock-to-lock s teeri n g  can be accompl i shed i n  5 . 5  (+ 0 . 5 )  
seconds . · -

The front and rear s teeri ng assemb l ies are mechani ca l ly  i ndependent of each 
other. I n  the event of motor/speed reducer fai l ure , the s teering l i nkage 
can be di sengaged from the sector ,  the wheel s  can be centered and l ocked, 
and operati ons can conti nue us ing the rema i n i ng acti ve s teeri ng assembly . 
Stee ring d i s connect poi nts are shown i n  fi gure 1 -1 0 .  Forward steering  re 
connecti on cannot be accomp 1 i shed by a crewman . The rear steering reconnect i on 
can be accomp l i shed by a crewman as. descri bed i n  Secti on 2 . 9 .  

· ***l G T ra i ner Notes*** 

1 .  The l G  Trai ner steeri ng uti l i zes conti nuously 
operati ng s teeri ng motor. Hand contro l l er  
movement energi zes the appropriate (one of two) 
counter rotating magnet ic  parti cl e c l utches , 
thereby engagi ng the l oad and e ffecting  steeri ng . 
A magne ti c  brake i s  actuated when the c l u tches 
are not engaged. 

2 .  The l G  Trainer has s imu l a ted s teeri ng decoupl i ng 
mechani sms to dupli cate the L RV-to-Crew i n terface . 
Operation of thi s  s i mu l ated mechan ism, howeve r ,  
wi l l  not effect actual decoupl ing . Procedures 
for l G  Tra i ne r  s teeri ng decoupl i n g  are shown i n· 
Sect ion 8 . 0 .  

1 .  3 . 5  Hand Contro l l er 

The hand control l er  ( fi gure l -1 1 ) provi des the steeri ng , speed , and brak ing  
conlnands to the dri ve contro l l er el ectron i cs .  The dri ve contro l l e r  el ectronics 
then processes these hand contro l l er commands to t� appropri a te dri ve motors 
and steering motors to effect the des i red control functi on .  The hand con -
trol l er i s  a l so used as the mechanical brake l ever. 

· 

M i s s i on J · Bas i c  Date 1 2/4/70 Change Date 4 / 1 9/7 1  
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T -HANDLE P I VOT FORWARD - I NCREASED DEFLECTI ON FROM NEUTRAL I NCREASES FORWARD SPEED . 

T-HAN�LE P I VOT REARWARD- I NCREASED DEFLECTION FROM
. 

NEUTRAL I N CREASES REVERSE SPE E D .  

T -f:ANCLF P I VOT LEFT - I NCREASED DEFLECTI ON FROM NEUTRAL I NCREASES LEFT STEERI NG ANGLE . 

T -I:ArWLE P I VOT RI GHT - INCREASED DEFLECT ION FRO.M NEUTRAL I NCREASES RIGHT STEERI N G  MGLl. 

T -HANDLE D I SPLACED REARWARD - REARWARD MOVEMENT 1 NCREASES BRAK ING FORCE . FULL 3 JrJCII 

M)SSion __ J __ _ 

REARWARD APPL I E S  PARKI NG BRAKE . f.'OV I tiG I NTO BRAKE 
POS I T I ON DISABLES THROTTLE CONTROL AT 1 5 °  MOVEMENT 
REARWARD. 

F I GliiU:. 1-11 • HAND CONTROLLl R 

REVERSE I N H I B I T  SWI TCH 
(DOWN FOR REVERSE 
I NH I BIT ) 

PARKING BRAKt. 
CONTINGENCY 
RELEASE RING 
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Forward movement of the hand control ler  about the T-handle throttl e pi vot ax i s  
p roport i onate ly  i nc re ases foruard speed.  A neutra l  dead band exi sts  for about  
the  fi rs t 1 . 5  degrees of  forward mot i on .  A cons tant t o 1 � ue o& about  6 i n c h 
pounds i s  req u i red t o  move the hand contro l l e r  beyond the l i mi t o f  the dead 
band ( f i gure 1 - 1 2 ) . Tile n i ne degree pos i ti on corresponds to a p u l s e  duty 
cyc l e  of approx imately  50 �ercen t ,  at each dri ve motor ,  i . e . ,  the motors a re 
a t  50 percent of max i mum s peed condi t i on .  The maxi mum power sett i ng i s  
il r h i e ved hy p i vo t i nc the hand co· 1trol l e r  to the hard s top (ma x i murn� pos i t i on 
, 1 t  <�ppro x i mil t e l y  1 4  df'qrees . To dece l era te , thP hdnd c on t ro l lrr  i s  p i vo ted 
t·e ; u-wil rd . Tht:> torqUL'S rf'qu i rec1 o t rP shown i n  f i qurf' 1 - 1 1. .  To p l ace the veh i l  l e  
i n  neu t t ·a l . the h , 1nd con l rr. l l e r  i s  p i voted rearward to the z e ro ( +  l i 2 )  deqre<' 
pos i t i o1 1 . 

-

Wi t h  the re ve rse i n h i b i t  s�oli t ch i n  the down pos i t i o n ,  the hand con t ro l l e r  can  
be  p i voted forward on l y ,  thereby preventing  i nadverten t l y  p l a c i ng the veh i c l e  
i n  reverse . 

To operate the veh i cl e  i n  revers e ,  the re ve rs e  i nh i b i t  swi tch i s  pl aced i n  
the up pos i ti on and the hand control ler  p i voted rearward about the thro t t l e  
p i vot po i n t . Torque vs . di s p l acemen t characteri s t i c s  for reverse a re i dent i cal  
to forward s peed ope r a t i on a s  shown by f i gure 1 -1 2 .  

The  veh i l  l e  mus t be brou�h t to il fu l l  s top before a di re c !. i on c h a n qe i s  convnJ n <.ll' d .  
D i re r t i <. n  ch a nqe i '>  au toma t i cd l l y i nh i b i ted a t  veh i c l e  s peeds q rea.te r than 
l KPH . 

The hand con tt·o l l e r wi l l  rema i n  i n  the !i C l e c ted  forward or reverse s peed 
j.Jos i t i on i n  th e crewmen "hands off" cond i t i on .  

1 .  3 . 5 . 2 Stee1· i n g  Control 

P i vot i rHJ the har rd c on t ro l l e r l e f t  or  r i g h t  abo u t  the rol l p i vot  po i nt pro
p o r t i on il l l y c hr1 1 1 � 1es  t h e  wheel s te e ri ng ang l e . The s teeri r 1g con t ro l , l i ke 
t i le  throttl e ront 1·ol . ll<�s rl 1 / 2  degree neutra l  dead band on e i ther s i de of 
: \ ' rt' . ( See f i q u t-e l - 1 3 ) .  1\ tOrCJue of 7 i n - l bs .  i s  req u i red to rol l the 
l l . I IHI con t ro l l e r  beyond the neutra l  pos i t i on to beg i n  s teeri ng anq l e  ch <mge . 
Torque t·equirr.d for i nc reas i ng the d i s pl a cement a n g l e  .1bout ::he rol l p i vot 
po i n t  i n c re as es I i ne t:.� ril l l y un t i l  a di s pl acement of ilpprox i ma te l y  9 degrees 
i <;  ,-e ,h : lle d . 1\t the 9 degr�>e pos i t i on ,  a s o ft stop i s  en coun tered wh i ch requ i re�, 
" .; te J l - fun c l i on torque i nc rc c1 s e  o f  5 i n - l bs .  to p i vot  the h and control l e r  fur
t l ll' r outllo,Jrcl for i n c: re a s i n g  the s teer i ng ang l e .  After pas s i n g  th•= soft s toj.J 

M i s s i on J Bas i c  lJate 
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posi ti on , the torque requi red to pi vot the hand contro l l er further outboard 
i ncreases l i nearal ly w ith di sp l acement unti l the hand control ler  hard s top 
l i mi t i s  reached at the 1 4  degree outboard hand control l er  pos i t ion . 

The hand control l er i s  spri ng l oaded to return to the neutral s teering pos i t i on 
when re leased .  

l .  3 .  5 .  3 Brak ing  Con trol 

�ra k i ng is i n i t i ated wi th the L RV in e i ther forward or reverse by p i vot i ng 
the hand con tro l l er  1·earward about the brake pi vot poi n t .  The force requi red 
to move the hand contro l l er rearward to i ncrease brak ing is shown i n  F i qure 
1 - l ll .  Fon·1ard and reverse power i s  d i s abled  when the brake i s  d i sp l aced 
1 5  t�eg rees . 

A three i nch rean1ard di spl acement of the hand con tro l l er  engages and locks tlw 
park i ng  br�ke .  To d i sengage the park i n g  trake , the h and control l er i s  p l aced i n  
the steer l e ft pos i t ion .  A conti ngency rel ease ( fi gure 1 - 1 1 )  i s  provi ded shou l d  
the brake fa i l  to re lease when moved to the s teer left  pos i ti on .  Cont i ngency 
brake rel ease is effected by mov i ng  the brake to fu l l rearward d i s p l acement , 
p u l l i ng the re lease r ing , a l l ow i ng the brake to rel ease and then re l ea s i ng 
the r ing .  

***lG Tra i ner Notes*** 

l .  The lG Trai ner hand control l e r  operati on ( s peed , 
s teeri ng and brake)  i s  i dent ica l  to the LRV hand 
control ler  operati on ,  wi th the except ion : I f  the 
hand contro'l lH i s  in ful l  th rott l e  pos i ti on when 
ful l brakes a re appl i ed ,  dri ve power wi l l  not  be 
automatical ly  cut-out . Thi s  condi tion ( true for 
both forward and reverse operati on )  resul ted as a 
consequence of by-pas s i ng the OCE logi c to e l i mi na te 
vol t age drop and thereby i ncrease tra i ne r  top speed . 

2 .  The l G  Tra i ner  brake cables can be adjus ted to pro
v i de s i mu l a ted l unar surface s topping characteri s ti cs .  

M i s s i on J Bas i c  Date 12/4/70 Change Date 4/1 9/71 Page 1 -2 3  
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Dri ve Control E l e c t ron i cs 

The Dri ve Control E l e ctro n i cs ( DC E )  accepts forward a n d  re vers e  s peed contro l  
s i gn a l s  from the H and Con t rol l e r  and transmi t� them to the d ri ve motors i n  a 
format whi ch a l l ows dri ve motor s peed contro l .  The s teeri ng l og i c  s e rvo 
�mp l i fi e r  a s sembly ( p rev i ous l y  des cri bed i n  p a ra g raph l . 3 . 4  and f i gure 1 -9 )  i s  
n l s o  con t a i ned wi t h i n  the DCE . I n  add i t i on , the Qri ve Control E l ectron i cs a c ( e p l �  
odome ter s i gn a l s  from L h e  tra c t i on dri ves and proces!.es t h e  s i gn a l s  f o r  odome ter/ 
s peedonEter readou t .  The b a s i c  manner o f  ope r a t i on of the DCE i s  de s c ri bed 
be l ow and i l l us trated in fi gure l - 1 5 .  

When the H a nd Contro l l er i s  actuated i n  e i ther the forward or reverse pos i 
t i ons , two bas i c  s i gn a l s are generated.  One s i gnal i s  con s ta n t  v o l t age s i g 
n a l  ( A )  to the tra c t i o n  dri ve e l ectroni cs l og i c whi ch tel l s  whe ther the H a n d  
Control l e r  i s  o n  th e forward or reverse s i de of ne u t ra l , a n d  t h u s  causes 
re l ay a c t i on to control the di rection of dri ve .  The other s i gnal ( B )  is  from 
the comma nd pote n t i ometers a n d  i s  a vari abl e vol tage wh i ch re f l e ct s  the amount 
of s peed des i re d .  Thi s l a tter s i gnal  i s  proporti onal  to the pos i t i on o f  the 
Hand Con t ro l l e r  and i s  fed to the P u l s e  Wi dth Modul a tors ( PWM) where the s i g 
n a l  i s  " chopped" i nto p u l s e s  whose width i s  proportional to the i n comi ng 
s i g n a l  s t reng th . The n:odu l a ted s i gn a l  ( C )  i s  then fed th rough the D r i v e  E n a b l e  
swi tcl 1es ( as t ronaut opera te d )  for each Dri ve Motor whose funct i o n i s  to deter
mi ne whether the command s i g n a l  for e a ch d ri ve motor i s  to be de ri ved from 
PWM #1 or PWM # 2 .  The pos i t i on of the PWM sel ect swi tch -- a s t ronaut ope ra ted - 

a l l ows di s a b l i n g of a de fect i ve PWM i f  des i re d .  

*** l G  Tra i ner Note*** 

The l G  Tra i ner Dri ve E n a b l e  PWM 1 and PWM 2 pos i 
ti ons are common "ON " pos i t i on s .  PWM 1 i s  an 
i n tegral part of Dri ve Control l er No . 1 wh i ch 
powers o n l y  the two fron t dri ve motors and s i mi l a r 
l y  PWM 2 i s  an i n tegral part of Dri ve Contro l l er 
No . 2 whi ch powers only the two rear motors . 

Afte r the modu l a ted s i gn a l  ( C )  has passed through the Dri ve Ena b l e  swi tch for 
e a ch t ra c t i on dri ve , i t  e n te rs a g a t i n g  swi tch wh i ch s e rves severa l purpose s .  
F i r·� t .  i t  i nh i b i ts dri ve power i f  the brake i s  on ( 0 ) . S e cond , i f  d ri ve 
c u rrent becomes exce s s i ve ,  i t  i nh i b i ts dri ve power unti l the curre n t  l e ve l 
fal l s  to an accep ta b l e  va l ue ( E ) .  Th i rd ,  i t  i nh i b i ts d ri ve power momentari l y  
wll i l e  the H a n d  Contro l l e r  i s  b e i n g  swi tched from forward to reverse or reverse 
to forwo rd ( F ) . I f  none of these three i nh i b i ts i s  present ,  then the � a te 
pc�sses the modu l a ted s i gn a l  ( C )  on to the power swi tch ·i ng dri ver a n d  the powe1· 
swi tch , wh i ch produce the proper power l eve l s  for motor control (G ) . 

The l il s t  s te p  p r i o r  to a pp l i ca t i on of power to the motor i s  s e l e c t i on o f  fo r 
w<Jrd or  reverse motor dri v e .  T h i s i s  accompl i shed by the reversi ng re l ay 
n n d  re l dy dri ver.  The re l ay dri ver determi nes the pos i t i on o f  the revers i ng 
rel ays and i s  a c t u a ted by pos i t i on of the Hand Control ler  ( forward or re verse ) 

M i s s i on J Bas i c  Oa te 1 2/4/70 Chan ge Date 4/ 1 9/7 1  P a ge l -25 
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and a s i gn a l  from the pu l se generator ( H )  whi ch i ndi cates the power to the 
dr ive motor has been i nh i bi ted and swi tchi ng can take pl ace . The cond i ti on 
of the revers i ng re l ays determi ne th•� d i recti on of current th rough the motor 
arn� ture an d thus the d i rection of rotati on of the n�to r .  The wheel s are 
dri ven through 80 : 1  rat i o  harmon i c  dri ve un i ts as exp l a i ned i n  paragraph 1 . 3 . 3 . 

l:.ach tracti on dri ve has a magneti c p i ckup for sens i ng  the rota ti on a l  111o t i on 
of each wheel . Th i s  s i gnal ( I )  i s  p i cked up as a seri es of pul ses anti trans 
mi tted back i nto the T racti on Drive Control Modul e where i t  i s  properly pul se 
shaped for use and then used for two purposes . One , i t  is  fed ( J ) throuqh a IJu f fcr  
to the nav i gation s ubsystem for the odo1neter. Two , i t  is  fed ( K )  to a 
wheel veloc i ty sens i ng ci rcu i t  wh i ch detenn i nes i f  the wheel vel oc i ty i s  g re a te r· 
than 1 KPI I .  I f  i t  i s ,  a s i gnal ( L )  i s  sent to the tracti on dri ve e l ectron i cs 
l og i c  to d i sal l ow swi tch i ng from forward to reverse or reverse to forward unt i l  
wheel speed drops bel ow 1 KPH . From l KPH to ful l  s top the s tate o f  the 
i nh i b i t  c i rcu i t  may be i ndetermi nate ,· th us i t  i s  i mperati ve that the veh i c l e  
be brought to a ful l  s top before a d i rection change i s  commanded .  

M i s s i on 
-------4 - ·--·-- -
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ELECTRI CAL POWER SUBSYSTEM 

The e l ectr ica l  power s u bsys tem cons i s ts o f  two batteri es , d i s tri bu t i ng \"ll rlng , 
connectors , swi tche s , c i rcui t breakers and rre ters for contro l l i ng and mon i 
tori ng e l ectr ica l  powe r .  

1 . � . 1 Gatte r i es 

The LRV co ntai ns two pri mary s i l ver z i nc batteries ( fi gure l - 16 )  each h a v i ng 
a nomi na l vol tage of 36 ( +5/-3 )  VUC and each h av i n g  a capaci ty o f  1 1 5  ampere 
hours . lloth batter i es are norma l ly  used s i mu l taneous ly  on an app roxi mate 
equa l  l oad bas i s  duri ng  LRV opera t i on by se l ect i on of vari o us l oad-to-bus 
comb i nat i ons th rough ci rcu i t  breakers and swi tch setti ngs on the control and 
d i s p l ay conso l e .  

The ba t te r i es a re l ocated on the forward chas s i s  enclosed by the thermal b l anket  
and dust  covers ( f i gure 1 - 1 7 ) . Battery No . 1 (on  the l eft s i de )  i s  connected 
therma l l y  to the na vi ga t i on S i gna l  Proces s i ng Un i t  ( SPU ) , and serves as  a 
part i a l  heat s i nk for the SPU . Battery No . 2 ( on the ri gh t s i de )  i s  therma l ly 
t i e d  to �.he na v i gat i on D i recti onal  Gyro Uni t ( DGU ) and serves as  a heat s i nk 
fo r the UGU .  

f iH·  ba t teri es c1re i nc; ta l l ed  i n  the LRV o n  the pad a t  KSC i n  dn a cti vated con
d i t i on .1ntl are moni toretl for vol tage and tempe ra t ure on the ground unt i l  
a p p ro x i ma t e l y  T - 1 8  hours i n  the countdown . On the l unar s urface , the batteries 
are mon i tored for tempera ture , vol tage , output cu rren t ,  and remai n i n g  ampe re 
hours . These d i s p l ays are l ocated on the con tro l and d i s p l ay pane l . 

Each bat tery i s  protected from exce s s i ve i nternal pressure by a pre s s ure re l i e f  
val ve tha i  i s  set  tc open a t  3 . 1  to 7 P S I  d i fferenti a l  press ure . The re l i e f  
va l ve cl oses when the d i f feren t i a l  pressure i s  be l ow the val ve ' s  rel i e f  pressure .  
Each battery i s  capab l e  of  carryi ng the enti re LRV e l ectri ca l l oa d ,  and the 
c i rcu i try i s  des i gned such tha t i n  the event  one battery fai l s , the enti re 
e l ectr i ca l  l oad  can be swi tched to the rema i n i ng ba ttery .  L RV range capab i l i ty 
i s  s hown i n  Append i x  A .  

** * l G  Trai ner Notes*** 

1 .  l G  Tra i ner  uses two rechargeabl e n i ckel  cadmi um batteries  
h a v i ng a vol t age output  of  34 VDC and a capaci ty of  24 
ampere hours each . Goth batteri es mus t  be used for l G  
Tra i ner opera t i o n .  

;> l G  T ra i n e r  es t i ma ted ope rat i on t i me before recha rge for 

t�i s s i on 

a s 0 t  o f  bat ter ies ( two batteries per set )  i s  6 3  m in utes 
on smooth l evel ground ( 800 pound payl oad con f i gura t i on 
clnd 1 0  KPII ) .  Th i s  es t i mate i ncl udes 1 9  mi nutes of  s tand
by t i me .  

( Conti nued )  

J Bas i c  Date 1 2/4/70 Change Date 4 / 1 9 / 7 1  Page 1 -28  
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I NSULATION BLANKET 

BATTERY NO . 

F I GURE 1 - 1 7  LRV BATTERIES , THERMAL BLANKET AND DUST COVERS 
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***l G Tra i ner Notes*** 
( Conti nued ) 

3 .  The l G  Tra i n�r batteri es a re fan cooled when 
i n te rna l  tempe ratures ri se above a preset 
the rmos tat i c  swi tch val ue . The batteri es a re 
not covered by a thermal b l anke t .  

D i s tri bu t i on a n d  Mon i tori ng System 

The e l ectr ica l  d i s tri but i on and mon i tor i ng s chemati cs for the !.. RV a re shown 
i n  f i g u res l - 1 8  and 1 - 1 9 .  Tile swi tch and c i rcui t breaker arrangement  i s  
des i 9ned to a l l ow swi tchi ng  any el ectri cal  l oad to ei ther ba ttery . 

Uur i n 9  norm�l L RV operati on ,  the nav i gat ion system power rema i ns on duri ng 
tile ent i t·e sort i e .  To conserve power for i ncreased range , a l l mobi l i ty e l e 
Jilents ( i . e . , t racti on dr i ves , s teeri n g  motors , e l ectron i c  contro l l e r ,  and 
PWM power suppl ies ) a re turned off i f  a s top i s  to exceed 5 mi nutes dura t i on .  

l . 4 .  3 

*** l G  Tra i ner Note*** 

The l G  Tra i ner has a l te rnate provi s i on for ut i l i z i n g  
an  externa l  power source by means of a rotary swi tch 
sel ector ( f i gure 8-3 ) and umbi l i ca l  connecto r .  

Caut ion and  Wa rn i ng System 

Hefer to f i gure 1 -20 fo r the cauti on and wa rn i ng sys tem s chema t i c .  The norma l l y  open tempe rature swi tches in  the batteri es and d ri ve motors c l ose on 
i nc reas i n y  temperatures . When ei ther battery reaches 1 25°F  or any dri ve 
motor reaches 400°F , the temperature swi tch c l oses , energ i z i ng the "OR" 1 O�J i c  
e l ement and the dri ver .  The dri ver  then sends a 1 0  mi l l i second 36V p u l s e  to 
the coi l of  the e l ectromagnet whi ch rel eases the magnet i c  hol d on the i ndi c a to r· 
a t  the top of th•: console  and a spri nQ  l oaded fl aq f l i ps uo .  The as tronaut can 
re�.et the t l ng  by �·u sh inq  i t  down even though the cause has nut been el i m i na ted .  
The f l ag  wi l l  not  fl i p  up  aga i n  un l ess  an ovC' rtempera ture occurs on another 
ba t tuy or· tracti on dri ve or· the i n i ti a l  overtempera ture s ubs i des and then re -
o c c u r� . 

*** lG  Tra i ner  Notes *** 
1 .  The l G  Tra i ner trilcti oll cri ve gear box therma l swi tches 

wi l l  actuate the warn i ng f l ag  when gear box temperature 
reaches 200 ° F .  The gear box tempe rature readout i s  b i ased 
so a rearl i ng of  �50°F to S00 ° F  wi l l  exi st  when the thermal 
swi t.rh actuates . 

2 .  The l G  Trai ner motor tempe rature swi tches are set to 
actuate the f l ag when motor externa l  case temperature 
reaches 2�5" F .  Th i s  temperature at  the ca5e wou l d  corre
spond to .r rotor : emperature of about 450''r. 
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T I I L RMI\L 
S W ! T C I I L S  
( NOI{MI\LL Y OPL N )  
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ALARM I ND I CATOR 
FLAG ON TOP 
CENTER OF CONSOLE � 

D40 ( 36 V )  

_... _ _.. ____ .. 
_.;" - -. I .  

DR I V ER 

/ ., , I .  
I · I  , ' i ( j . 

=r;�� 1'<= �f 
OR 
LOG I C  36V 1 0  M I L L I SECOND PULSE 

SWI TCH CLOSURE CAUSES 
D R I V E R  TO PULSE COIL 
W II I CI I  RLPI:.LS TilE 
PERMANLNT MAGNET ANU 
1\LLOWS Ti lL  S PR ING 
LOI\UlU FLAG TO POP-U P .  
fLI\G MAY U l  RESET LVlN 
W I TH ONE OR  MORE EXIST
I NG OVER  TlMPERATURE 
CONDITIONS .  

F I GURE l -20 . CAUTION AND WARN I NG SYSTEM 

*ON l G  TRA I NE R  ONLY 
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Auxi l i a ry Connector 

The auxi l i a ry connecto r  ( fi gure 1 -21 ) provi des power fo r the Lunar Communi ca 
t i ons Rel ay Un i t  (LCRU ) . Power a t  the connector i s  furn i shed at  36 (+5/ -3 ) 
VDC through a 7 . 5  ampere ci rcui t breake r .  Source i mpedance a t  th e connector 
i s  l ess than 0 . 4  ohms s h unted by a 440 mi cro- farad capaci tor .  P r i or  to l aunch , 
the LCRU power cabl e i s  a ttached to the auxi l i ary connecto r .  

***l G Trai ner Note*** 

The l G  T rai ner auxi l i a ry connector i s  not 
e l ectri ca l l y  functi ona l . 
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1G T RA I N E R  

AUX I L I ARY CONNECTOR 
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BATTERY NO . 1 DUST COVER 

FORWARD 
)USP E N� J (JN 
r I T T  I NL 

F I GURE 1 - 2 1 . AUX I L I ARY CONNECTOR LOCATION 
- .  - - ---------------- - - - - --- -- ---- . 
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1 . 5 CONTROL AND DI SPLAY CONSOLE 

The Cont rol  and Di spl ay Console ( fi gure 1 -22) i s  separated i nto two ma i n  
functi onal parts : Navi gat ion on the uppe r pa rt of the panel and moni toring 
and contro l s  on the l ower part of the panel . Refer to Tabl e 1 -1 for contro l s  
and use .  The Control and D i s p l ay Panel i s  acti vated wi th a rad io l umi nescent 
ma ter ia l  ( P romethi um)  whi ch provi des v i s i bi l i ty of di sp lays even unde r l unar 
shadow condi t i ons . 

1 . 5 . 1  Atti tude I nd i cator 

Th i s  i ns trument ( fi gure 1 -26 ) provi des i ndi cati ons of LRV p i tch and rol l .  I t  
i ndi cates P ITCH upsl ope ( U )  or downs l ope (D )  wi th i n  a range of pl us 25 to 
minus 25 degrees i n  fi ve degree i ncrements and i n d i cates ROLL wi th i n  a range 
of 25 degrees l eft to 25 degrees ri gh t i n  one degree i ncrements . The damper 
on thr: s i de of the i nd i cator can be l i fted to damp out osci l l at i on s . The 
pi tch i ndi cati on is readable i n  the· s towed pos i ti on of the i nd i cator. The 
i ndi cator is rotated outward whi ch exposes the ROLL scal e to the l e ft s i de 
crewman .  The p i tch and rol l readi ng i s  transmi tted to ��CC for nav i gati on 
update computat ion .  

1 . 5 . 2  Head ing  I ndi cator 

Th i s  i ns trument di spl ays the LRV headi ng wi th respect to l unar  north . The 
i n i t i a l  sett i ng and updat i ng of thi s  i ns trument i s  accompl i shed by operat i ng 
the GYRO TORQUING swi tch LEFT or RIGHT. 

1 . 5 . 3  Beari ng I ndi cator 

Th i s  i ns trument d i s pl ays bea ri ng to the LM i n  one degree d i g i t s .  I n  the 
event of power l os s  to �he .navi gation sys tem , the beari �g i ndi cati on wi l l  
remai n  d i sp l ayed. The 1 nd1 cati ons a re lost  when power 1 s reapp l 1ed  to 
the navi gt�t iou system, howeve r.  

NOTE 

I nsuffic i ent �ata i s  avai l abl e for bear i ng 
computa tion unti l the LRV has moved about 50 
meters from the poi nt of nav i n i ti a l i zat ion , 
therefore , the di spl ay i ndi cati on shou l d  be 
d i s regarded unti l the veh i c l e  i s  a t  least  
50 meters from the  poi n t  of nav i ni ti a l i zat ion .  

1 . 5 . 4  D i stance I nd i cator 

NOTE 

Opera ti ng the L RV i n  reverse wi l l  add to the 
d i s tance d i s p l ayed on thi s i nstrumen t .  

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/1 9/7 1  Page 1 -37  
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COilTCOL 

GY P.O TOP.Q ... I : . :;  Svli tch 

NAV PO�ER CB ( 5 . 0 Amps ) 

I AUX CB  ( 7 .  5 Amps ) 

BAT l B�S h CB ( 70 . 0  Amps ) 

BAT l BUS B CB ( 70 . 0  Amps ) 

BAT 2 BUS C CB  ( 70 . 0  Amps ) 

1 BAT 2 BUS D CB ( 70 . 0  Amps ) 

I :_  1 5  DC PRI I'. CB  ( 5 . 0  Amps ) 

j :_ 1 5  DC SEC CB ( 5 . 0  Amp s )  

+ 1 5  DC PR IM/SEC Switch 

SYSTEM RESET Swi tch 

AMP -HR  I nd i cator 

VOLTS/AMPS Ind i cator 

USE 

Adj us ts head i ng i ndi cation during navi gati on updati ng . Swi tch 
i s  l ocked OFF i n  center pos i t i on . 

Routes powe r from ma i n  busses to nav i gat i on system. 

NOTE 

When Nav  Power CB i s  open SPEE0 
METE R does not fun cti o n .  

Energ i zes LRV Auxi l i ary Connector for LCRU power.  

Energ i zes Bus A from LRV Bat tery No . l .  

Energ i zes Bus B from LRV Battery No . l . 

Ene rg i zes Bus C from LRV Battery No . 2 .  

Energi zes Bus D from LRV Battery No . 2 .  

Routes power from + 1 5  DC PR IM/SEC Swi tch to 1 5  VDC power s uppl i es 
and protects pri mary :_ 1 5  VDC power s upply from overl oad.  

Redundant to + 1 5  DC PRIM CB  and protects secondary + 1 5  VDC 
power supply from overl oad .  

-

Routes 36 VDC power from Bus B or D through + 1 5  VDC CB ' s  and on 
to 1 5  VDC Pov1er Supp l ies  i n  Motor Contro l l e r-:-

Resets BEARirlG , DI STANCE and RANGE i nd i cators to zero . 

Moni tors battery res i dua l  capac i ty .  

Mon i tors battery vol ts o r  L RV current ( amps ) ccnsu�p t i o n .  

H-8i.. � 1 - 1  COUTP.OL P.iH1 :, r sPL'·Y C0'150LC: cc,·nROLS 
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MOTOP T ��p S � � ECI S�i tch 

B a t � e ry S e l e : t  S vl i tch 

Battery c F  i�e ter  

MOTOR "F  Vete r 

PWI-1 S EL ECI S w i tch 

FORWARD STEER!  ilG Swi tch 

REAR STE E R !  : ;G Svli ten  

FORWARD STE C: R J :;G C6  ( 5 . 0  Amp s )  

USE 

Se l e c ts Fo n-1ard or  Rea r dr i ve motors to be mon i to red  on ; ;oTOR ° F  
i nd i cator .  

Se l e c ts battery vol tage or  current  to  be  d i s p l ayed on  VOLTS AMPS 
i nd i cator .  

Moni tors temperature of batteri e s . Al l o1�ab l e  tempe rature i s  
40°F t o  1 25 ° F  for each ba ttery .  

Mon i tors temperature of each motor .  Al l owab l e  temperature i s  
400°F  for eacn dri ve mo tor .  

Energ i zes  Pul se Wi d th Modul a tors (PWM ' s )  i n  Motor Control l er .  
Wi th  Swi tch i n  pos i ti on 1 o r  2 ,  on ly  correspondi ng P\oll� i s  
energi ze� . Wi th swi tch i n  pos i t i on BOTH , both PWM ' s  are 
energ i zed . 

Se lects  Bus A or  C to supp ly  power to Forward S teer i n g  Moto r .  

Se l ects  Bus B o r  D to supply power t o  Rear Steeri ng Moto r .  

Protects Fon1ard S teeri ng Motor from overl oad  c u r re n t .  

REAR STC:ERI :�G C 6  ( 5 . 0  Amp s )  Protects Re ar Steering t�otor from overload  c urren t .  

DRIVE  E�A6LC: Swi tches Swi t ches L F ,  RF, LR  and RR - Se lect  PWM 1 or 2 fo r control o f  
dri ve mo tors . 

DRIVE POWER Svri tches I Swi tches L F ,  RF , L R  and RR - S e l e ct des i red bus to supp ly  
power to dri ve motors . 

DRIVE  POWER C S ' s  ( 2 5 . 0  Amps I Protects the four dri ve motors from overl oad dama ge .  
each ) 

TABLE 1 - 1 COfHROL AilD 0! SPLAY CllNSOLE CONTROLS 
( Co n t i nued ) 
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( Conti 1 1ue d )  

Th i ;. i ns t rument  d i s p l ays di s tance travt: l ed by the L R V  i n  i nc remt.!nts  of 0 . 1  
k i l ometer.  Th i s  d i s p l ay i s  dri ven from the n a ·; i gati on s i gn a l  proces s i r' g  un i t  
wh i ch recei ves i ts i nputs from the thi rd fas t e s t  t racti on dri ve odor1ete r .  
Tot a l  d i g i tal s cil l e  capac ity i s  99 . 9  km. !n the event of powr:r l os s  to the 
nav i �r at i on :.;ys tem tl1e d i s tance i ndi cator at t i me o f  pow:-.- . os s  wi l l  rema i n  
d i sp l ayed . 

1 . 5. 5 l�ange I nd i cator 

Th i s  i n s t rument C:i spl ays  the d i s tance to the L�1 , and i s  graduated in 0 . 1  k n 1  
i nc rements wi th a tota l d i g i tal  s c a l e  capac i ty of 99 . 9  km.  In  the event of 
power l os s  to the n a v i g a t i on sys tem the range i nd i cated at t i me of power l os s  
wi l l  rema i n  d i s p l ayed . 

l . 5 .  6 Speed I nd i cator 

NOTE 

When the NAV POWER c i rcui t b reaker i s  
open , no s peed i n d i cati on wi l l  be a t ta i ned . 

The i ns t ru111en L shows LRV ve l oc i ty from 0 to 20 kill/ h r .  T h i s  d i s p l ay i s  dri ven 
fro111 the odo111eter pul ses from the right  rear whee l , through the S P U .  

1 .  5 .  7 Sun  Shadow Dev i ce 

Th i s  devi ce i s  used to determine the LRV h ea d i ng wi th respect to the sun  
a z i mu th . When depl oyed , the dev i ce casts  a s hadow on a graduated s ca l e  when 
the veh i L l e  i s  fac i n g  away from the s u n .  The po i n t  a t  whi ch the shadow 
i n tersects the S [ a l e  i s  trans m i t ted by the crew to MCC for n av i ga t i on upda te . 
The s r. a l e  l ength i s  1 5  degrees ei ther s i de o f  zero wi th one degree d i v i s i ons . 
T�e s un shadow dev i ce can be u ti l i zed a t  s un e l evation angles  up to 75 degrees . 

M i s s i on .J Bas i c  Date 1 2/4/70 Change Date 4 / 1 9/ 7 1  Page l -4 1 
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NAVI GATION SUBSYSTEM 

Refer to fi gure 1 -23 for the · Nav i gati on Subsys tem Bl ock Di agram;  f i gure 1 -24 
for ha rdware l ocati ons , and fi gure 1 -25 for e l ectri cal s chemat i c .  

The powe r supp ly  converts the veh i cl e  battery vol tage to the AC and D C  vol t 
ages req ui red for operati on of  the navigat ion s ubsystem componen ts . S i gnal 
outputs to the s ubsystem are : di recti on ( obta i ned from a d i rectional gyro) 
and di s �ance ( obtai ned from odometer pu l ses from each tracti on dri ve uni t ) . 
These s i gna l s  are operated on by the navi gat ion s ubsystem whi ch di s p l ays the 
res u l ts as : heading  wi th respect to l unar north , bea ri ng back to the LM ,  
range back to the LM ,  tota l  d i s tance trave led and vel oc i ty .  

NOTE 

The Navi gati on System i s  i n i ti a l i zed by 
press i ng the SYSTEM RESET butto n ,  wh i ch 
resets a l l  d i g i tal  d i spl ays and i nternal 
regi s ters to zero. I n i t i a l i zati on i s  only 
performed a t  the s tart of each EVA . 

/\ l i gnmc n t  of the di recti onal gyro i s  accompl i shed by meas uri n g  the pi tch iJn<.l ro l l  
o f  the LRV usi ng tile atti tude i ndi cator ( fi gure 1 -26 ) , and measuri ng the LRV 
ori enta ti on wi th respect to the sun u s i ng the sun shadow dev i ce ( fi g ure 1 -2 7 ) .  
Th i s  i n format ion i s  rel ayed to MCC where a headi ng ang l e  i s  cal cul ated . The 
gyro i s  then adj us ted by � l ewi ng wi th the torqui ng swi tch un ti l the headi n g  
i nd i cator reads the same as the cal cul ated val ue . S l ew rate i s  approxi matel y 
1 . 5 degrees per second . 

The head i ng angl e of the LRV i s  i mpl i c i t  i n  the output from the gyro , whi ch 
i s  generated by a three wi re synchro transmi tter .  The headi ny i ndi cator i n  
the I P I  con ta i ns a synchro control trans former and an e lectromechan i ca l  servo 
system wh i ch dri ves the cor.trol trans former unt i l  a nul l i s  achi eved wi th 
the i nputs froro1 the gyro . 

NOTE 

The odonEter l og i c  cannot d i s t i ngu i sh  between 
forwilrd and reverse wheel rota tion . There 
fore , reverse ope rati on o f  the LRV adds to 
the odometer readi n g .  

The·, e  ,11·e four odometers i n  the system , one for each tracti on dri ve un i t .  
N i ne odometer pul ses a re generated for each revo l ution of each whee l . These 
s i gna l s  a re ampl i f i ed and shaped i n  the motor contro l le r  c i rcui try and enter 
the l i ne recei ver i n  the SPU. The odorreter pul ses from the ri ght rear wheel 
enter the vel oc i ty processor for di sp lay on the L RV SPEED i nd i ca tor .  
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1 .  3 W I RE SYNCHRO POS I T ION I NG S I GNAL AND 3 W I RES TO I NCREMENT COUNTERS . 
2 .  400 Hz ELECTRICAL POWER . 
3 .  POS I T I ON SYNCHRO OUTPUT FROM GYRO. 
4 .  TORQUE RI GHT I NPUT S I GNAL . 
5 . TORQUE LEFT I NPUT S I GNAL . 
G .  D I� DI SPLAY RESET S I GNAL . 
7 .  SYMBOL I ND ICATES "TRIAC" ( B I -D I RECTIONAL TRIODE THYR I STOR ) . 
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*** lG  Trai ner Note*** 

The l G  T ra i ner na vi gati on sys tem i s  ca l i brated 
for use wi th the wi re wheel s ,  howeve r ,  the navi ga
t i on errors incurred when pneumat i c  t i res are used 
are smal l .  T h i s  i s  because the effec t i ve radi us 
of  both types of whee l s  are approxi mately the same , 
( pneumat ic  t i res i n fl ated to 30 ps i g )  and the pneu 
ma t i c  wheel has essent i a l ly no s l i p .  The only error 
i ncurred i s  in the range and d i s tance c a l cu l at i on .  
The d i stance d i s p l ay when pneuma ti c wheel s  are used 
i s  esti mated to be abou t 3 . 5X l ow .  The abi l i ty to 
navi gate back to the s tarti ng poi n t  duri ng t ra i n i ng 
shou l d  not be affected as  al l other errors cancel on 
a cl osed course . 

Odometer pul s es from al l four wheels  enter the odometer l og i c  v i a  the SPU 
l i ne rece i vers .  Th i s  l og i c  sel ects the th i rd fastest wheel for use i n  the 
di stance computati on . Th i s  i nsures that the odometer output pul ses wi l l  not 
be based on a wheel whi ch i s  l oc ked , no r wi l l  they be based on a wheel that 
has excess i ve s l i p .  

NOTE 

loss of Nav i nforrna t i on occurs i f  vehi c l e  i s  operated 
wi th rrore than one tract i on  dri ve shut off .  

Tile odome ter l og i c  sends outputs to the d i g i tal d i stance i n d i cator in  the 
IPI and to the range/bearing processor in the SPU . Upon enteri ng the range/ 
bearing proces sor ,  the outputs i n i t i ate sel ecti on , and convers i on o f  headi ng , 
s i ne and cos i ne to d i g i tal numbers . 

The effect  of  conver� i on of headi n g ,  s i ne and cos i n e ,  at di stance i nc rements 
is equ i valent to enteri ng ( d i s tance i nc rement x s i ne headi ng )  and ( d i stance 
i ncrement  x cos i ne headi ng )  i n to the 6 E  and 6 N  regi sters of the d i gi tal part 
of the bea ri ng and range processor. The d i gi tal  processor then adds the new 
6 E and 6 N  numbers to the contents of the East ( E )  and North ( N )  accumul ators . 
The E and N accumu lators , therefore , conta in  the eas t  and north vector compon 
ents of the range and beari ng back to the LM .  The d i g i tal vectoring process 
then does a vector convers i o n  on the N and E numbers to obta i n  range and 
bear i ng , whi ch are di sp layed on d i gi tal counters i n  the I P I .  Each d i s ta nce 
i ncrement from the odometer l og i c  i n i ti ates the enti re sequence des cri bed , 
and res u l ts i n  the updati ng of  beari ng and range . 

NOTE 

The bea ri ng d i g i ta l  di spl ay i s  " l ocked out " ( i . e .  
does not d i s p l ay upda ted read i ngs ) unt i l  the 
veh i c l e  i s  dri ven beyond a 50 n�ter radi us of the 
nav i ni t i al i za t i on poi nt .  

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/ 1 9/71  
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CREW STAT! ON 

The crew stati on cons i sts of seats , footrests , i nboard handho lds , outboard 
handho l d s ,  arm res t ,  fl oor panel s ,  seat bel ts , fenders , and toeho l ds .  

1 . 7 . l Seats 

L RV seats are tubu l a r  al umi num frames spanned by nyl on ( fi gure l -28 ) .  The 
seats are fol ded f lat  onto the center chass i s  for l aunch and erecteu to the 
opera t i onal  pos i t i on by the crew after LRV depl oyment on the l unar surface . 
The seat back i s  used to support and restra i n the PLSS from l ateral mot i on 
when the crew i s  pos i ti oned for LRV operat i on .  Refer to Secti on 2 fo r seat 
erect i on sequence . The seat bottom contai ns a cutout to a l l ow access to the 
PLSS fl ow control val ves and i nc l udes provi � i ons for verti cal support of the 
PLSS . 

1 . 7 .  2 

*** l G  Trai ner Note*** 

The l G  Trai ner i s  a l s o  equi pped wi th removab l e  
seat pads whi ch a l l ow comfortab le  operat ion i n  a 
" sh i rt s l eeve" tra i n i ng sess i on .  

Footrests 

For l aunch , the footrests ( fi gure 1 -28) are stowed aoa i nst  the center chas s i s  
f loor and secured by two yel cro s traps . The footres ts are dep l oyed by the crew 
on the l unar surface . The footrests are adj us ted , before l aunch , to accom
modate spec i fi c  crewmen . 

1 . 7 .  3 I nboard Handhol ds 

I nboard handho l ds ( f i gure 1 -28) are constructed of 1 i nch 0 .  D .  al umi num 
tubi ng and are used to a i d  the crew duri ng i n gress and egres s .  The handhol ds 
a l so conta in  pay load  attach receptacles for the 1 6  mm data acqui s i ti on camera 
and the LCRU l ow gai n  antenna . 

l . 7 .  4 Outboard H andho l ds 
Outl,oard handho l ds are i ntegral parts of  the chass i s  ( fi gure l -28j and are 
uset! to prov i de crew con fort and s tabi 1 1  ty when se ated on the LRV and for 
attachment of the seat be l t . 
l .  7 .  5 Arm Rest 

The ;'I nn t·e s t  ( f i gure 1 -28 )  is used to support the arm of crewmen duri n g  hand 
contro l l er  ma n i p u l a t i on .  

M i s s i on J Bas i c  Date 1 2 /4/70 Change Date 4/1 9/71  Page l -49 
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ARM REST 

FOOTREST 
( 2  PL ) 

VELCRO FOR PLSS 
LATERAL RESTRA INT 
( 2  PL)  

PLSS VERTI CAL 
SUPPORT ( 2  P L )  

- OUTUOARU I IANOIIOLIJ 
(2 PL )  

- I NUOAIW 11/\NlJIIULIJ 
( 2 I'L ) 

TOEHOLU 
( 2 PL ) 

F I GURE 1 -28 CREW STATION COMPONENTS 
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Seat Bel ts 

NOTE 

Before egress , the seat bel t  shoul d be attached 
to the i n board handhol d for acces s i bi l i ty upon 
i ngres s .  

A seat be l t  i s  provi ded a t  each seat . The seat bel ts ( fi gure 1 -29 )  are 
constru cted of nylon webb i ng .  The be l t  end termi nates i n  a hook whi ch i s  
secured to the outboard handhol d .  Bel t  length adjustment i s  provi ded by an 
adjus tment buck l e .  A s t retch sect ion of the bel t  permi ts normal fas teni ng 
and re 1 ease . 

l .  7 .  7 Fenders 

The dep l oyabl e port ion of each fender ( fi gure 1 -28) i s  pos i ti oned by the 
astronaut duri n g  L RV dep loyment on the l unar surface . 

l .  7 .  8 Toeho l ds 

There are two toehol ds , one on ei ther s i de of the veh i c l e .  The toehol d  i s  
used to a i d  the crew i n  i ngress i ng and egress i ng the LRV . The toeho ld  i s  
formed by di smantl i ng the LRV/LM i n terface tri pods and us i ng the l e g  pre 
viously used a s  the tri pod center �mber a s  the toehol d .  The t ri pod member 
i s  i nserted i nto the cha� s i s  receptacle to form the operat ional pos i t i on of 
the toeho l d .  NOTE 

1 . 7 .  9 

The toeholds are a l s o  used as too l s  to actuate the whee l 
decoupl i ng mechani sm to rel ease the teles copi n g  tubes and 
saddl e f itt ing  on the forward chass i s ,  and to . f�ee the

_ s teer i ng decoup l i ng rings from the s towed pos 1 t 1 on .  E 1 ther 
toehol d may be used for decoup l ing .  

Floor Pane l s  

T h e  fl oor pane l s  i n  the crew stati on area are beaded a l umi num_ pane l s  ( f i gure 
1 - 30 ) .  The fl oor i s  structura l ly capabl e of supporting  the rul l wei ght of 
s trmding as tronauts i n  l unar grav i ty .  

***lG  Tra i ner Note*** 

The l G  Trai ner fl oor pane l s  a re fl at pl ates i n  l i eu 
of beaded pane l s .  
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THERMAL CONTROL 

L RV Thet·mal Control 

Thermal control sys tems are i n corporated i n to the L RV to ma i n tai n  temperature 
sens i t i ve components w i th i n  the appropri ate tempe ra ture l i mi ts duri ng the 
trans l unar phase of a mi s s i on ,  du ring ope rat ion on the l unar surface , and 
duri ng peri ods of i noperation on the l unar surface .  The rmal  con trol systems 
cons i st of spec i al surface fi n i s hes , mul t i l ayer i nsu l at ion ,  space rad i a to rs , 
second surface mi rrors , thermal straps , and fus i bl e  mass heat s i nks ( fi gure 
1 -31 } .  

1 .  8 .  2 

*** l G  T ra i ner  Note*** 

Thermal control for the lG T ra i ner is descri bed 
i n  paragraph 1 . 8 . 5 .  

Forward Chas s i s Thermal Control 

The bas i c  concept of thermal control for forward chas s i s  components i s  energy 
storage duri ng operati on wi th subsequent ene rgy trans fe r to deep space wh i l e 
the veh i cle  i s  parked between sorti es . Duri n9 operati on heat enerqy rel eased 
i n  the Dri ve Control El ectron i cs ( DCE ) i s  s tored i n  the DCE and the DCE then1 1al 
control uni t ( fi qure 1 -32) . Heat energy rel eased i n  the S i gnal P roces s i ng  l l n i t  
( SPU) i s  stored i n the �PU , the SPU· thermal control uni t  ( a  fus i bl e  mas s  dev i ce )  
and Ba ttery No . 1 .  The SPU i s  thermal ly connected to Battery No . 1 by means of 
the SPU thermal s trap ( f i gure 1 -33) . Heat ene rgy rel eased i n  the Di rect i onal  Gyro 
Uni t ( DGU) i s  s tored i n  the DGU and Battery .No. 2 by mt:ans of the DGU therm.a l st rap . 
Space radi ators are mounted on the top of the SPU , DCE , Battery 1 and Battery 2 
( fi gure 1 -34 ) .  Fused s i l i ca second surface mi rrors are bonded to the radi ators 
to mi n imi ze the sol a r  energy absorbed by an exposed rad i ator ,  and to mi n im i ze  
the degradation of  the rad i a t i ng  surface by the space and l una r envi ronmen t .  
The space radi ators a re exposed only during the park i ng  peri od between sort i es . 
Duri ng sorti e operati on the space radi ators are protected from the l unar  sur-
face dus t by th ree dus t covers ( fi gure 1 -31 ) .  The fi rst dust cover protects 
the rad iators on Battery No :  1 and the DCE . The second dust cover p rotects the 
sru radi ator.  The th i rd dus t  cover p rotects the radi ator on Batte�y No .  2 .  
These dus t cowrs are opened manual ly a t  the end of the sort i e ,  an ove r c:enter 
l atch ( fi gure 1 - 35 ) ,  hol ds the dus t covers open unti l battery tef11Je ratures I"Poch 45°F {+ 5 ° F ) , at wh i c h  t i me a b i metal l i c  devi ce di sengages the overcenter 
l otch ,1 l l ow in!']  the dust covers to clos e .  The SPU dust cover is s l aved to 
the fl o ttery No . 1 dus t cover .  

I n  addi tion to the dus t covers , a mul t i - l ayer i nsu l at ion b l cmket ( fi gure 1 -36 ) 
i s  provi ded to protect the forward chas s i s  components from the space envi ron 
ment and the l unar surface envi ronmen t .  The exter ior ,  and certai n  porti ons 
of the i nteri or ,  of the mul t i - l ayer i nsu l at ion bl anket a re covered wi th a 
l aye r of Beta C l oth to protect agai nst wear and tear and di rect s o l a r  or hot 
gas heat l oa ds . 
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OUST COVER 

D R I V E  CONTROL ELECTRO N I CS 

/\NO THERMAL CONTROL UN I T  

1 SPACE RAD IATO R  

I NSULAT I ON BLANKET 

BATTERY NO . 1 
SPU FUS IBLE MASS & THERMAL S T RAP 

S I GNAL PROCESS ING UN I T  
( SPU ) (DUST COVER NOT SHOWN ) 

BATTERY NO , 2 
DUST COVER , BATTERY NO . 2 

GYRO THERMAL STRAP 

F I GURE 1 -31 THERMAL CONTROL PROV I S I ONS ( FORWARD CHASS I S )  
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BATTERY # 1  

OUST COVER 

. OUST COVER 
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SPU 

F\-JO 
CHASS I S  

FUS I BL E  MASS TANK 
( 2 . 25 LBS WAX ) 

F I GURE 1 - 3 3  SPU E L tCTRON I CS AND BATTERY # 1 THtRMAL CONTROL 
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( Conti nued ) 

Duri ng a sort i e ,  the as tronauts can moni tor the battery tempe rature by a 
me ter on the Contro l  and Di sp l ay Consol e .  

1 .  8 .  3 Contro l  a nd Di spl ay Consn l e  
Al l i ns truments on the Control and D i sp l ay Con s o l e  are mounted to c1 n  a l l lm i n iJin 
p l a te wh i ch i s  i so l ated by rad i a t ion  sh i e l d s  und f i ber9 l ass moun ts . The 
external  s urfaces of the C&D conso le  are coatPd wi th thennal con t ro 1 pa i n t  
( D0w-Corn i ng 92-007 ) ,  and the face pl ate i s  bl ock anodi zed and i s  i s ol a ted 
from the i nstrument mount i n g  pi ate . 

1 .  8. 4 Center Chass i s  

Handho l ds , footrests , tubu l a r  secti ons of seats and  center and aft fl oor 
· pane l s  are anodi zed . 

1 . 8 . 5 l G  Tra i ner Thermal Control 

Whereas the LRV Fl i ght  Uni t ut i l i zes rad iat i on to effect thermal con tro l , 
the l G  Tra i ne r  rel i es pri mari ly  on convecti on to the atmospheri c su rroundi ngs . 
The fol l ow i ng l G  Trai ner e l ements a re coo led  by a thermostat i cal ly  con trol l ed 
fan b lower :  tracti on dri ve ( 4  uni ts ) e l ectroni cs assembly ,  battery ( 2  uni ts ) , 
motor control l er assembl y  ( 2  u n i ts ) , C&D consol e ,  DGU , and SPU . T h i s  makes 
a total of 1 2  separa te bl owers on the veh i cl e .  Each fan motor the rmos tati c 
swi tch c l oses upon a ri s i ng temperature at a predeterndned va lue , thereby 
applyi ng battery voHage to a fan motor .  When the temperature o f  the thermo
stat fal l s  bel ow a predetermi ned vdl ue ,  the swi tch opens , thereby shutti ng the 
fan motor o ff .  Coo l i ng fan motors and i nstrumenta t ion  warn i ng thennostats arf' 
set as noted i n  Tabl e 1 -2 .  

NOTE 

The forwa rd wheel tract i on dri ve fan bl owers are 
enab l e d  pr9vi ded tha t there i s  power through at 
least  one forward dri ve power swi tch . S i mi l a rl y .  
the rear wheel tract i on drive fan bl owers are 
enabl ed prov i ded there i s  powe r through at  least  
one  rear dri ve power swi t ch .  

I n  Mldi t. i on to protec t i ve coo l i ng , thermal i nstrumentat ion d i s p l ay at thP. 
C�I J  i •; provi ded for the tract ion dri ves and batteries . The di sp l ay takes the 
fnnu e i ther of a d i screte w.1 rn i ng by a warn i ng fl ag ( acti vated by a the nnos ta t i 

n r·  .111 ana l og temperature di s p l ay ,  ( as s ensed by a thermi s tor) . Warn i n g  f laq  
t.hcnuosta ts are l ocated on the extern al  motor case o f  each tracti on dri ve 
moto r ,  on the external case of each tract ion dr ive gear reducer ,  and w i th i n  
each bat tery assembly . Thermostats are set as noted i n  Tabl e 1 -2 .  Note that 
a warn i ng fl ag acti vat i on can be generated i n  a tract i on dri ve a ssembly by 

r� i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/1 9/71  Page 1 -6 1 
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�OOL I NG FAN MOTOR _THERMOSTATS SET AT : 

�_b_ Assembly_ 

T ra c ti on Dri ve Motor { 4  un i ts )  

E l e c t ro n i c s  Assemb l y  { 1  un i t ) 

Bat tery { 2  uni ts ) 

Motor Con tro l l e r Assembl y  { 2  un i ts )  

D i sp l ay & Control Cons o l e  ( 1  u n i t )  

Navi gat ion  SPU 

N a v i g a t i on DGU 

W/\RN I NG FLAG TI I ERMOST/\TS SET 1\T : 
- - . - - - -··--------

S �_b_ A_s? _e��� .!.Y 

Trac t i on Dri ve Motor ('I un i ts )  

Tra c t i on Dri ve Gear  Reducer (4 

Gat tery { 2  un i t s )  

-

u n i t s )  

C l ose On  
R i se Temp 

1 60 + l 0 ° F  

1 00 + 5 ° F  

C l ose On 
R i se  Temp 

225 + 5 ° F  

200 + 5°F  -

1 60 + 5°F  
-

Open On 
Fa 1 1  Temp 

1 4 0  + 1 0 ° F  

Open On 
Fa l l Temp 

1 75 + 1 0° F  -

1 50 + l 0 ° F  

1 20 + 5 ° F  

ANALOG DI �PLAY THERMI STORS RES I STANCE VALUES ARE : 

T ra c t i on Dri ve Motor ( 4  uni ts ) Thermi s tor 3750 ohms + 1 0% @ eooF 
3 1 5  ohms + 20% @ 225°t 

fl a t te ry (2 uni ts ) T h e rm i s t o r  553 ohms + S;t. (U 80° F  
640 ohms + SX (U 1 60 ° F  

T/\IJLE 1 - 2  l G  T RAI NER  THERMAL CONTROL DEV I CE S ET POI NTS 

Mi s s i on J 
---..,.---
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( Cont inued )  

ei the r the dri ve motor or the gear  reducer assembly . S i nce only the dr ive motor 
has i ts tempe ra ture d i s pl ayed on the conso le  meters , a condi t i on cou l d  ari se 
where a "hot" gear reducer acti vated the wa rn i ng fl ag but none of the tempe ra
ture i ndi cati ng meters show an abnorma l ly h i gh temperature , i . e . , the dri ve 
motor associ ated wi th the ho t gear reducer has a normal temperature . Under 
th i s  cond i ti on i t  woul d  be i mpos s i b l e  for the operator to i so l a te the over
temperature to a speci f ic  subassembly . To a l l ev i ate th i s  cond i ti on ,  the gear 
reducer warni ng thermos tat i s  connected through a c i rcui t  such tha t whenever i t  
c l oses i t  swi tches a l ow res i stance across the assoc i a ted dri ve motor thermi s 
tor ;  the reby , caus i ng an abnormal ly h i gh tempe rature readi ng to be d i s p l ayed .  
Thus , the affected tract i on dri ve assembly can be i sol ated . 

Ana l og tempe rature thermis tors are l ocated on the external case o f  each dr ive 
motor and on the ma i n  battery bus wi thi n  each battery .  Thermi stors l ocated 
i n  each assembl y  a re mon i tored by a bri dge c i rcui t i n  the D&C conso l e  and the 
output of the bri dge dri ves the d i s pl ay me ters , whi ch are cal i brated i n  degrees 
Fuhrenhe i t. .  By i n terroga ti ng the temperature di sp lay meters , an o vertemperature 
condi t i on can be i s o l a ted to the spec i fi c  subassembly  and correcti ve act ion  
i n i t i ated . The  nomi nal res i s tance val ues associ ated w i th both an ambient 
temperature and a "hot" temperature for these thermi s tors is noted i n  Tab l e  i - 2 .  
I t  shou l d  be noted that only the battery readout meter i s  ca l i b rated to i nd i cate 
the thermi S tor temperature . The dri ve motor meters are cal i brated to read the 
i nternal motor ( rotor) temperature even though the thermi s tor  i s  l ocated 
exte rna l on the motor cas� and hence at much cool er l ocat ion . Thus , the meter 
i ndi cated temperature for each motor wi l l  be 4 50°F  to 500°F  when the the rmi stor  
i s  meas uri ng an  actual case tempera ture of 225° F .  The coo l i ng fan motors 
wi l l  acti vate when the meter i ndi cated tempe rature i s  nomi na l ly 350 ° F .  

M i s s i on J Bas i c  Date _1 2....:./_4.:..../_70_ Change Date �� Pa9e l -6 3 



l . 9 

LS006-002-2H 
LUNAR ROVI NG VEH I CLE 
OPERATIONS HANDBOOK 

SPACE SUPPORT EQUI PMENT (SSE )  

The Space Support Equi pment ( SSE )  cons i s ts of  two bas i c  subsystems of hard
wa re , the structura l support subsystem and the deployment ha rdware subsys tem . 
The func tion of the s tructural support subsystem i s  to structura l l y  support 
the LRV i n  the LM duri ng l aunch boos t ,  earth -l unar trans i t  and l and i ng . The 
f un c ti on o f  the depl oyment hardware subsystem is to depl oy the LRV from t h e  
LM Lo the l unar surface a fter l anding . 

1 .  9 .  1 S t ru c t u r a l  Support Descri pti on 

TllP s tructural s upport subsys tem by wh ich the LRV i s  attached to th,� LM i n 
c l udes two steel support spoo l s  a t  the l ower  ( l e ft and r ight )  s i des of the LM 
qua drant . The spool s nre bol ted to Grumman Ai rcraft Co rpora t ion (GAC) attach 
f i tt i ngs . Al umi num tube tri pod s t ructures attached to the LRV center cha� s 1 s  
te rmi nate i n  apex fi ttings whi ch steel are pi nned t.oqether and c l amped to the 
spoo l s  to support the LRV .  The LRV i s  restra i ned agai nst  outbonrd rote� t i on by 
an al ufllinurr strut i n  the upper center of  the LM ,  connect ing  the i nboard q uad
rant covner s tructure to an L RV centPr chas 5 i s  s tandof1' wi th a p i n .  

1 . 9 .  2 Depl oyment  Hardware Des cri pti on 

The depl oyment ha rdware sys tem ( fi gure 1 -37 )  con s i s t s  of bel l tranks , l i n kages 
and p ins to re 1 ease the LRV from the s tructura 1 support subsys tern,  thus 
a l l owing the L RV to depl oy from the LM . I t  al so cons i s ts of braked ree l s ,  
braked reel operati ng tapes , braked reel cabl es , LRV rotati on i n i ti ati ng 
p u s h - o f f  spri ng , dep loyment cabl e ,  tel e scop ic  tubes , chas s i s  l a tches , rel ease 
p i n  n�chani sms , and L RV rota ti on support poi n ts .  

1 .  9 .  3 Depl oyment Mechani sm Ope rat i ons 

T h e  LRV is attached to the SSE. and depl oyment mechan i sm and he l d  i n  pos i ti on 
i n  the LM Quadrant as shown i n  fi gure l -38 . The dep 1 oymen t of the L HV fro111 Lhe 
LM to the l una r surface c�ns i sts of f i ve bas i c  steps or phases : 

P h a s e  

Phase I I 

- Deployment from the s towed pos i ti on of  both braked reel separa t ing  
tapes and  the  depl oyment cabl e ( fi gure l -39 , i nset @ ) 

- Opera ti ng the D-Handle to di sconnect t��� LRV from the s t ructura l 
support subsystem ( f i gure l -39 , i nset � ) .  

P h a s e  I I I  - Opera t i n g  the doubl e  braked reel to unfo l d  the L RV and l owe r the 
a f t  chass ��whee l s  to the l unar surface ( fi gure l -39 , i nsets ® © and ® ) .  

--- - · - - - · ----- . - ---·------------ ---
M i s s i on � 2/4/70 0 t 4 / 1 9/ 7 1  Page 1 -64 
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PUSH OFF 
ROD 

TELESCOP I NG 
RODS 

- "� 
SUPPORT ARf1 J 

UPPER LRV 
HARDPOI NT 
ATTACH 
F I TTI NG 

SUPPORT SPOOL 
(LOWER LRV HARDPOI NT 
ATTACH F ITTINGS ) 

F IGURE 1 -37 SPACE SUPPORT EQU I PMENT 

DOUBLE 
BRAKED 
REEL 
OPERATI NG 
TAPE 
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LRV TRI POD 

LRV WHEELS 

TENS l ONER 
SPR I NG 
I N  OUTER 
BRAKED 
REEL 
CABLE 

FI GURE 1 - 38 LM/SSE WITH LRV I NSTALLED 
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@ 
e LRV STOWED I N  QUADRANT 
e ASTRONAUT REMOVES I NSULATION 

BLANKET , OPERAT I NG TAPES 
e ASTRONAUT REMOTELY I N I T I ATES 

AND EXECUTES DEPLOYMENT 

e AFT CHASS I S  UNFOLDS 
e REAR WHEELS UNFOLD 
e AFT CHASSIS  LOCKS I N  

POS IT ION 

® 
e FORI�ARD CHASS I S  LOCKS 

IN POS IT ION .  ASTRONAUT 
LOWERS LRV  TO SURFACE 
W I TI I  SECOND LEVEL 

F IGURE 1 -39 

M i , s i on J Bas i c  Uate 

e ASTRONAUT LOWERS LRV 
FROM STORAGE BAY W I TH 
F I RST REEL 

e FORWARD CHASS I S  UNFOLDS 
e FRONT WHEELS UNFOLD 

e ASTRONAUT D I SCONNECTS SSE 
e ASTRONAUT UNFOLDS SEATS , 

FOOTRESTS . ( F INAL STOP ) 

LRV DEPLOYMENT SEQUENCE 
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Phase I V  - Opera t i ng the center braked reel to l ower the forward chass i s  
whee l s  to the l unar surface ( fi gure 1 -39 ,  i nset © ) .  

Pl 1ase V - Di sconne c ti ng the �SE from the LRV a fter a 1 1  four wheel s a re on 
the surface ( f i gure 1 -39 , i nset (£) ) . 

1 . 9 . 3 . 1  Phase I Depl oyment Descri pti on 

T h i s  phase cons i s ts of v i s ua l  i nspecti on , removal of i nsu l at ion bl anket ( fi gure 
l -40 J.t1epl oyment of the two hraked reE'l operat i nq tapes and the derl oyment cab l e  
from the i r  stowed pos i ti on .  The doubl e  braked reel operati nG tape i s  s towed 
i n  a ny l on bag attached to the l ower , r ight  support arm by ve l cro tape . The 
center braked reel operati ng tape i s  stowed on the l eft s i de of the L RV center 
chass i s  by vel cro tape i n  a nylon bag attached to the l ower l eft support arm 
by vel cro tape ( f i gure 1 -41 ) .  The deployment cable i s  s towed on the l e ft s i de 
of  the L RV center chas s i s  by teflon cl i ps .  The deployment cable i s  used to as s i s t  
deployment o f  the L RV i n  the eventua l i ty that the L RV s tops duri ng any phase of 
the depl oyment . 

1 . 9 .  3 .  2 Phase I I  Depl oyment Descri ption 

A t  the complet ion of Phase I ,  the as tronaut actuates the 0-hand l e , wh i ch i s  
l ocated on the r i ght  s i de o f  the porch ( fi gure 1 -42 ) . The f i rst  5 to 6 i nches 
of travel of the 0-handl.e removes the two l ower rel E�ase p i n$ ( fi gure 1 -43)  
out of the apex fi tti ngs , rel eas i ng the l ower ha l f  of  the apex f i tt i ngs , 
a l l m-1i ng i t  to fa l l  away i llJTled i ately or dur i ng depl oyment rotat i on .  The apex 
fi tti ngs are now conf igured to l i ft off of the spool s when requ i red . The l a s t  
segment of travel of the D-handl e removes the upper rel ease pi n .  When the 
uppe r rel ease p i n  i s  removed, the push-off spr ing rotates the LRV out from the 
Ltvi approximately  4 ° ,  tak i ng up the s l ack i n  the outer braked reel cab l es . The 
s l ack i s  due to cable tens ioner spri ngs i n  the cabl es . 

l .  9 .  3 .  3 Phase I I I  Deployment Descri pti on 

The L RV i s  now rel eased from the LM and i s  ready to be depl oyed to the l unar  
surface . Duri ng the �nt i re Phase I I I  operat ions , the astronaut operates the 
double braked reel operat i n g  tape. The braked reel ( fi gure 1 ··44 ) i s  a worm 
and worm gear a rrangement . When the operati ng tape i s  pul l e d ,  the cab l e  
s torage drum i s  rotated , thus re leas i ng  ( feed i ng off) cable from the drum. 
The cab le  i s  attached to the L RV center cha s s i s  and , as the LRV rota tes out
bo.trd dt1e to �ravi ty , supports the LRV .  As the drum ·i s rotated , feed i  n� out 
cab l e ,  the LRV i s  a l l owed to rotate and depl oy . For the f i rst  1 5 °  of  r·otat i on ,  
the LRV rotates on the apex f i tt i ngs . At 1 5 °  rotat ion , the wal k i ng h i n gt:· i s  
E'ngag(•d hy the LRV and the poi nt o f  rotation sh i fts from the apex fi tti ngs to the 
wa l k i nq h i nge , at  wh i ch poi nt  the apex f i t t i n g  l i fts off of the spoo l s .  The 
depl oyment cabl e may or may not be requ i red at th i s  t ime , dependi ng on the l andec 
a t t i tude of the LM .  

M i s s i on J 
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LM QUADRANT I 
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NOT E :  DOUBLE BRAKED REEL 
DEPLOYMENT TAPE S I M I LAR 
TO CENTER "BRAKED REEL 
TAPE BUT STOWED ON 

CENTER BRAKED REEL R IGHT S I DE OF VEH ICLE 
DEPLOYMENT TAPE 

OUTER BRAKED 
REEL CABLE AND 
RELEASE P I N  

DEPLOYMENT 
CABLE 

L--- BRAKED REEL Dl PLOYMENT 
TAPE (2  rLACES ) 

SUPPOR-:- ARM 

BAG 
TYPI CAL 
2 PLACES 

F I GURE 1 -4 1  LRV  DEPLOYMENT TAPES AND CABLES 

- -- ------
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LOCK
CABLE __/ \ 

B O E I N G  GAC 
I N T ER F A C E  

\ 

f P I P - P I �  ( I�HALLED) 

r -
-- : _ )-- R ET AI N E R  

'-..� - LOCK - C A H L E  

O E P. LOY� 
C A B L E  

P U L L E Y  

D- H AHDL E  --
B E LL C R ANK 

F I GURE 1 -42 0-HANDLE RELEASE SYSTEM 
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U P PER RELEASE P I N 

APEX 

F ITIING 

ir-- R I G I D LI NKAGE 

J{ PU LLED I N  D I RECT I ON 

S HOW N �y D -HAN DLE 

� LOWER RELEASE P I N � 

I I G l l f� l .  1 -4 3  LRV/SSL SUPPORT STRUCTURE. AND RELEASE SYSTEM 

LRV 

TRIPOD 

S SE RELEASE 

P IN 

- . .  · --- - -------------
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1 .  9 .  3 .  3 ( Cont i nued) 
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The LRV cont i nues to rotate about the wal k i ng h i nge . At 35° rota t i on ,  t l 1e 
l ower tel escop i c  tubes ratchets are engaged , preventi ng any reverse rotat io 1 1  
o f  the te l escopi c tube assembl y  about i ts l ower p i vot poi n ts . T he  te l escop i c  
tube assembly  cons i s ts o f  a pa i r  o f  three tel escoped a l umi num tubes , h i 1ged 
to the GAC structure ( l ower center of the LM quadrant )  and connected at the 
top by the saddle  ( f i gure 1 -44 ) .  The a l umi num saddl e  f i ts to the forward SPC
t i on of  the forward chass i s ,  hel d by two dowel p i ns and a ba l l - lock  p in  c l e v i s  
jo i n t .  T h e  sadd l e  ca rri es the pu l l eys , cabl es and p i n  mechani sms whereby 
the forward and aft L RV clla s s i s  a re un l o cked from the s towed ( fo l ded)  LRV  pos i 
t i on .  As the LRV moves outboard ,  the 45°  ca bl e ti ghten s ,  and rotates each 
wi th a s teel cab l e  and bal l - l oc k  p i n .  The two ba l l -l ock p i ns l ock the con 
nection between forward and aft  chas s i s  to the cons o l e  pos t  mounted on the 
center chass i s  ( f i g u re 1 -4 5 ) . I f  e i ther the aft  chass i s  l at ch p i n s  or  the 
forward chass i s  l a tch p i n  fai l s  to pul l ,  the depl oyment cab le  may be pul l e d  to 
accompl i sh th i s  a cti on . (The mechan ica l  advantage of the dep l oyment cab le  to 
the p i ns themse l ves i s  5 to 1 ) .  

The te l e s cop i c  tubes and forward chas s i s  s tops at  45° due to the 4 5 °  ca b l e  
( chas s i s  l a tch actuati ng cabl e )  becoming  tau t ,  then by counteracti ng forces 
of the LRV forward chas s i s  h i nge tors i on spri n g ,  the tel escopi c  tubes and 
forward cha s s i s  return to the 35° pos i t i on ( s top due to the te l escop i c  tuhe 
rutchet ) .  The center chas s i s  und aft  chas s i s  conti nue to dep l oy .  After i t  
i s  unl ocked , the aft  cha s s i s  ful ly depl oys ( unfo l ds ) due to the aft  chass i s  
h i nqe torque bars , unt i l  i t  l a tches wi th the center chas s i s .  

r h e  1� i re mesh LRV whee l s  a re hel d  i n  the s towed pos i t i on by four a l umi num 
tube struts . One end of each s trut i s  he l d  by a s teel  p i n  to the aft or 
forwa rd chas s i s  s tructure ( f i gure 1 -46 ) . The other end of each s tru t is hel d 
to a 1vheel hub by a p i n  ( i n  the hub ) . The p i n s  i n  the chas s i s  ilre p u l l ed hy 
a steel cabl e ,  so  l i nked as  to pu l l the pi ns as the chas s i s  opens , approx i mate l y  
1 70° . When the p i n s  a re pul l ed ,  the spri ng-l oaded whee l s  move t o  dep l oyed ot· 
operati onal pos i ti on .  As the wheel s  rotate forward to the dep l oyed pos i t i on ,  
a mechan i sm wi th i n  the wheel hub  retracts the rema i n i ng p i n  re ta i n i n g  the 
whec:l s trut .  The s trut i s  thus freed at both ends , and fal l s  free duri n g  wheel 
depl oyment moverrent .  Each s t ru t  i s  reta ·i ned by a 1 /8 i nch d i amete r rcy l ar tethe r .  

The LRV center/aft cha s s i s  conti nues outboa rd rotat i on , p i vot i n g  a round the 
l 01ver support ann l atch . Duri ng L RV outboard rota t i on , the tel escop i c  tubes 
e xtend ( l engthen ) . Before 72° L RV rotati on an anti -col l apse tel escopi c tube 
l a tch i n  each tube engages to p revent shorten i ng  ( bu t  permi t el ongati o n )  of 
t l w  tubes . 

/\1. , l l ' l 'ro x i mately 73'' center chas s i s  angl e ,  the l obe ( cam) on the forward 
s i th•s of the center  chass i s  s trut ( engaged i n  the l ower support a rm l a tch ) 
<; t r i kes t he s teel  l a tch l ock  arm .  /\s the chass i s  rota tes , the cam forces 
tilt•  L 1 tcl t  l ock  ; mn d01vn out of a s afe ty reta i n i ng s pri ng , and unl ocks the 
l u t c h .  The center/aft chass i s  con t i n ues  to rotate unt i l  the aft chass i s  whee l s  
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FWD CHASSIS  R E L EASE P I N  

P2 S A D D L E  R E LEASE P I N  

T E L E SCOPIC T U B E S  A T T  ACHMEtH 

F WD C H ASSIS  

4 5 °  C A B L E  
( C E H T E R  B R A K ED R E E L )  

F WD CHASSIS 

L A T CI-i R EL E AS E  
P I N  

f i Gli iH: l -45 LRV SADDLE AND FORWARD CHASS I S  LATCH RELEASE 
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ROTATIO OF FWD/AF T  CHASSIS � 

J _/W H E E L  ST R U T  R E L EASE / PIN C A B L E  

C A B L E  W R A P S  
AROUI'ID F I T T I NG 
GETTING T I GHT 
AND P U L L I NG WH E E L  
LOCK STRUT R E L E AS E  
P I N  A S  F W D  O R  AFT 
CHASSIS  ROT A T E S  
DUR I NG UNFOLDING 

C N T R  CHASSIS 

FI GURE -1 -47 WHEEL LOCK STRUT RELEASE 

F W D  HINGE 
LINE 

R E AC T O R  F I T T ING 
FOR T O R S I ON SPRING 
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a re on the surface . The wheel s a re l ocked wi th the eme rgency hand brake , 
therefore must s l i de on the su rface . Dependi ng on the l andi ng att i tude o f  
the LM and the con d i t i on of the surface ,  the whee l s  mi ght not s l i de on the 
l unar  surface , there fore use of the dep l oymen t  cabl e by the as tronaut wou l d  
be requ i re d .  The astronaut cont i nues to actuate the doubl e  braked reel 
opera t i n g  cable to a l l ow the forward chas s i s  h i nge to deploy by vi rtue o f  
the forward chass i s  hi nge tors i on s pri n g .  Concurrentl y ,  the cente r/aft 
chass i s  move outboard , away from the LM .  At th i s  poi nt i n  the sequence , 
the 45° cabl e becomes taut due to the outboard movement  of the ent i re LRV .  
The center cha�: s i s  cont i nue s to move down and ,  dri ven by the  forward chas s i s  
spri ngs , outboard . As the angl e between forward and center chass i s  approaches 
1 70° , the forward wheel l oc k  s t rut  p i ns i n  the forward chas s i s  rel ease , and 
the forward wheel s dep loy l i ke the p rev ious ly  descri bed aft whee l  depl oyment .  
The astronaut then pul l s  the p i ns that  attach the two oute r  braked reel cab l es 
to the center chass i s .  

Phase I I I  i s  comp l ete (moti on ceases )  wi th the aft wheel s  on the l unar  sur
f�ce , wi th forward and aft  chas s i s  l ocked to the center chass i s ,  a l l wheel s 
depl oye d ,  a l l fou r wheel s truts free and hang i ng from the i r  tethe rs , the 
outer braked reel cables rel eased , and w i th the forward chass i s  hel d up by 
the tel escop i c  tube as sembly and the 45° cab l e .  

1 .  9 .  3 . 4  Phase I V  Depl oyn�nt Descri pt ion 

T h i s  phase of the depl oyment cons i s ts of the astronaut actuat i ng the center 
braked reel operat i ng tape , thus a l l owi ng the forward chass i s  to l ower and 
the forward chas s i s  wheel s  to l ower to the surface . Agai n ,  the depl oyment 
cabl e may be requi red at th i s  poi n t  i f  the aft whee l s  wi l l  not s l i de on the 
surfa ce . 

1 . 9 .  3 .  5 Phase V Dep l oyment Desc ri ption 

This  phase con s i sts  of re l ea s i ng the dep l oymen t ha rdware from the LRv .· The 
as tronau t pul l s  up on the saddl e rel ease cabl e ,  l ocated on the l e ft rear 
s i de of the forward chass i s .  Thi s operation releases a ba l l -l ock p i n  
wh i ch ho l ds the saddl e on the forward chass i s .  When the sadd l e  i s  rel eased , 
the fo l l owi n g  hardware goes wi th i t :  

o .  Tel escop i c  tube as sembly .  
b .  Forward and aft chas s i s  l oc k  rel ease p i ns . 
c .  Forward cha s s i s  wheel l ock struts and tethe rs . 

The astronaut then pu l l s  a bal l l ock p i n ,  l ocated on the a ft center  of the 
a rt chas s i s .  T h i s  releases the depl oyment cable and the aft cha s s i s  wheel 
l oc k  struts . /\t th i s  po i n t ,  the depl oymen t  from the LM to the l unar  surface 
i c;  comp l ete. 
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SECTI ON 2 

NORMAL PROCEDURES 

Th i s  secti on defi nes the norma l p rocedures to be fol l owed by the astronauts 
for operati ng the LRV on the l unar  surface and the l G  Tra i ner  duri ng ea rth 
tra i n i ng operati ons . 

* * *  l G  T RA INER  NOTE *** 

The p rocedu res conta i ned  i n  th i s  section 
a l so apply to lG T1·a i ner  opera ti on w i th the 
excepti on of tlepl oyment operati ons , defi ned 
i n  2 . 1 .  When perfon11 i n g  tra i n i ng per para 
g raph 2 . 1  a l l s teps can be perfonned except 
those deal i ny  wi th pu l l i ng the LM 0-ri ngs , 
i ns pect i n g  h i nge p i ns , and depl oy i n g  the 
i nboard handhol d s .  

:--'1 1 c. �  i un J --�-...:.... Ga s i c  Date 1 2/4/70 Cnange Da te 
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Bo:h c rt:vnnen are u t i l i ze d . Procedure s te p s  are for one crr:wmar. u n l e s s  
o the n, i s e no ted . 

a .  Pe rfe; rr. an o·;era i 1 i n� p�-,c': i l n of the LRV and SSE to ve ri fy p roper 
con f i g u r<. t i on and f lO  obv i ous dama g e . 

b .  R e l e a s e  L RV i ns u l a t i on bl an ke': 

c .  I ns pe c t  each of two 1 01.er s u pport ann 1 atc.hes to ve ri fy r-ropc-r 
con f i g u ration . L a t c h  s h o •j l d  be i n  pos i t i on and t r i p  arm sho u l d  
be u p .  A p p l y  f0rce : o  1 a tch t o  ve ri fy s u pport . 

I f  e i ther l c>.tch i s  i n  :he " t ri p p e d "  pos i t i on ,  reset a s  fo i l cws : 
( 1 )  Push t r i p ar·m down . 
( L )  Rotate l a tch up i n to pos � ti on .  
( 3 )  R r> i  s e  tri p c1 nn  un t i 1 1 ock i n g  dog 0 n  :ri p ,-, nn engages the 

receptdc l e e n  the l atc.h . 

I d . R� l ea s e  center braked rerl  depl oyme n t  tape s tewed i n  nyl on b a g  
a t t a c h e d  t o  l ower l e ft s u pport a r �  b y  ve l c rr t�pe . 

! 
e .  Stow bra ke d ree l de� l oymel' t tape by dra p i ng i t  over a L� l a nd i n g 

s t r�t fo r conven i en t  fu t u re a c ce s s . 

REr:ARi\S 

P r i o ·  tv i r  i �. i .-:: t i or. o• tt.e � u l 
sequen': proce�ure � , c rew � huu � d 
r;o:, i t.i en ;v camera to mo n i tor 
a i l  LRV dc� p � Oj"m•o n t  o p e ra t i c n:.. . 

To e x t e n t  w h i c h  l i gh ti n g  a n c  
l a n d i ng e n g l e  p e rmi t s i n s pe c t  
l 0wer t u be d n d  be l l  crank 
as ser.,b l i e s , l eft s i de tube 
as scm�l y ,  e n d  u�pPr tube �nd 
bel l c ra n k a s s enbl i es �nd 

( 

ve ri fy there a r� no o hs t ructi o n s  
preve n t i ng the opera t i o n  o f  
these p i r. re l eas P !TlEchar. i s m� .  

Perform t·ve ra l l  i n s pe c t i o n  o f  
t t o s e  porti ons o f  LRV and SSE 
wi1 i ch were p re v i ou s l y  c b s cured 
by the i ns u l a t i or. b l a nk e t .  

F i g ure 2 - 1 . 

F i g ure 2 -2 .  

Tape S hO i j ] ci  be p l a ce c ". J. r_ , :: t  
c re1'1man i s  r. o' req u i  r<:·: J:', � � v e  
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0 

13LAI.JE LOCK 

LATCH REClPTACLl 

LATCH 

T R I P ARM 

T R I P  ARM DOG 

F I GURE 2 - 1  S U P P O RT ARM LATCH MlCHAN I SMS LATCHED COhF I G U RAT I O N  
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LRV STOWED I N  
L M  QUADRANT I 
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NOT E :  DOUBLE BRAKED REEL 
DEPLOYMENT TAPE S I M I LAR 
TO CENTER BRAKED REEL 
TAPE BUT STOWED ON 
RI GHT S I DE OF VEH I CLE  

CENTER  BRAKED REEL " DEPLOYMENT TAPE 

OUTER BRAKED 
REEL CABLE AND 
RELEASE P I N  

DEPLOntENT 
CABLE 

PULL TABS 

BAG 
TYP I CAL 
2 PLACES 

----- -- - ----------------------------
f i GURE 2 -2 LRV DEPLOYMENT TAPES AN U L�ULL� 
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c�n l e r  cha s s i s  a n d  d e o 1 oy c � b l e  :o maxi mun l en g th ar:d a t  t s �  a n g l e  
from Q u a d  I tow a r d  descent l a dd� r .  

g .  Re l ease dou b " e  � r�ked reel opera t i ng tape s � owed i n  ny l on bag 
a t t ached ':o l o1·:er r·: gt o t  s upport a nn by ve l cro ta�;e . P l ace tape 
ir con�e n i e n t  l c ca t i on fe r future acces s .  

h .  Ascend L� l ad de r .  

i .  I n s pe-:: t D - h a r  d l e  a n d  be l l cranks tc veri fy tt.ere a re nc obstruc
ti ons preve n t i n g  operati or. . 

j .  I nspect c a b l e  csser.bly connec t i n g  D - h a n d l e  and be l l crank to e n s u re 
there i s  no fou l i n g thc:t I·IO <• l d  prevent opera t i o n .  

t:: �:�:!!:·:�:�::J 
Duri ng a n d  s u bsequent to depl oy�nt D - h a nd l e  
operati on , both crewmen s h o u l d  rema i n  out of 
tl.e L RV depl oyr-;e n t  enve l o p e .  

� - Pul l LRV de pl oym·.::n t  G-h.mr. l e .  V e r i fy L R V  mov�:.s outward frorn U1 
a bout f dc!gree s .  

NOTE : I f  pus h - o ; f  rod f a i l s  to rotate LRV a bo u t  c o  outward from 
U1 q u a c: ra n t , deal oymer: t c a b l e may l".e pul l ed to i n i t i a te 
LRV movPrner- t .  

REVARKS 

i r tc• 1 i m i ted c; p a ce between L R V  
and LM l an d i ng l E g .  

Fi g u re 1 -4 1 .  

F·i g u re 2 - 3 .  

Fi gure 2 -4 .  

F i rs t  5 to 6 i nches o f  tra vel 
rel eases l ower rel eas� p i n s , 
l ower h a l f of apex f i t t i n g s  may 
fal l away � mmed i .: te l y  01 duri n g  I de p l oyment roto t i on . The l a s t  
segmen t o f  trave l re l e a s e s  the 1 
u�per p i n .  As the upper re 
l E a s e  p i n  i s  p1. J l ed ,  LRV ro 
tates out o f  L�1 about 4 degreo:: s . 1 
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TAPE DEPLOYMENT ENVELOPE 
TYP BOTH S I DES  
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DEPLOYMENT 
D-HANDLE 

LRV STOWAGE 
AREA 

F I GURE 2 -4 CREWMAN POS I T I ONED  TO DEPLOY LRV 
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2 . 1  ( C0 1 1t� nt:ed) 

1 .  Gescend L!" l c dd e r .  Grasp depl oyme n t  ca b l e  a n d  mon .. tor de pl c1yment 
a c t i v i ty . 

r. .  Otrer 
c l e .  

t:OTE : 

c evnn-:�n [iu l l s  doub l E:  b ra k ed reel tape at r .. ght s i de of ve h i 
Veri fy LRV rotates outwurd from U� ( F i g u re 2 - 5 ,  V i ew B ) . 

Crewman s h o u l d  rema i n  hi th i n  def i ned er.vel opes for de r l oy 
r.ent l.ape r;pe ra t i on ( F i £ ure 2 - 3 )  to ens ure that dep l oyment 
tapes do not cont�ct sen s i t i ve LM co�ponen ts . 

n .  Con t i nue to p u l l  doub l e  braked ree1 tape ( fi s ure 2 - 5 ,  V i ew C ) . 
When vehi  c1 e rotates o u tboard to about 45 deg ree:; , veri fy tha t :  

( � )  Aft c h as s i s  unfo d s  ar.d l ocks i n  pos i t i on .  
( 2 )  Rear whl? e l s  unfo d and tethered reat wheel s t ruts fa l l  free. 
( 3 ) Forward ch a s s i s  s rel eased 7rom cons 0 l e post and returns to 

35 degree pos i ti on .  

NOTE : I f  e i ther  aft or forward chas s i s  l a tch p i n s  fa i l  to pul l 
au toma t i ca l l y ,  depl oyme n t  c a b l e  may be pul l e d  to accom
p l i s h p i n  release . 

o .  Con t i nue to p u l l dou b l e  braked ree l tape ( F i gu re 2 - 5 ,  Vi ew D) . 
Veri fy t h a t :  

( i )  Center/aft cha s s i s  rot a te s  unti l r e a r  whee l s  contact l un a r  
s u rface . 

( 2 )  Rea r  wh,�el s s l i de or. s u rface penn i tti ng centert aft chas s i s  
tc move away from L � . · 

RE!-t;Rr.S 

Crewman opera t i n g  de pl oymen t  
c a b l e  s h ou l d keep s 1 ack out o f  
dou b l e brake� ree1 cabl e s . 

F G r  fi rs t  1 5  deg ree s of rota
t � on LRV ro t a te s  on apex f i t
ti n� s .  the�eafter apex fi t t i ngs 
l i f t off spr,o l s  and rota t i on 
p 0 i n t  s h i fts to wa l k 1 ng h i nge . 
Lower te l es cop i c  tubes ra tchet 
engage a t  35 degrees rota t i on .  

A t  about 45 degrees the 45°  
c a b l e  t i ghtens , p u l l i ng the 
fo rwa r d  and aft cha s s i s  l a tch 
p i ns a t  the cons o 1 e post mount 
011 the center c h a s s  i � .  Thr� 
aft c h a s s i s and whee l s  fu l l y 
de p l oy and the forward r.h a s s i s  
returns �o the 35° pos i t i on .  

A: about 73  degrees , the cam on 
forward s i des of center cha� s i s  
s t ri kes 1 a tch l oc k  arm, . 
forces a r m  jo\m c u t  of r�ta i n 
i ns s p r i ng and un l oc k� l a tch . 

\ 
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LS006-002-2H 
L L IN/\H HO V I NG VLI I I C L L  

U l ' L HAT I ON S  1 1/\N UIIOUK 

e LRV STOW C D  I N  QUADRANT 
e fSTRON/\UT REMOVES I NSULAT I O N  

OLANKE T ,  OPE RAT ING TAPES 
• ASTRONAUT REMOTELY I N I T I ATES 

AND EXECUTES DEPLOYMENT 

• AFT CHASSIS  UNFOLDS . 
• REAR WHEELS UNFOLD 
e AFT CHASS I S  LOCKS I N  

POSI T  I ON © 

DEPLOYMENT 
CARL[ ® 

• ASTRONAUT LOWERS 
FROM STORAGE BAY WITH 
DOUBLE BRAKED REEL 

@ 
• FORWARD CHASS I S  UNFOLDS 
• FRONT WHEELS UNFOLD 

DOUBLE BRAKED 
REEL 

® 
• fORWARD CHAS S I S  LOCKS 

I N  POS I T I ON .  ASTRONAUT 
LOWERS LRV TO SURFACE 

• ASTRONAUT DI SCONNECTS SSE 

W I  Til CENTFR RRAK E D  RE EL 

• ASTRONAUT UNFOLDS SEATS , 
FOOTRESTS , ( F I NAL STOP) 

F I GURE 2-5  LRV UEPLOYMENT SEQU E N C E  
------- . · - ·  · - - -- - -
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STf..; 5 "'" � :  p ;;•)CEDURE 

2 .  l ( Cor t i  n ·:ed ) 

iWT E :  I f  vmeE: l s  fa i l  to s l i de ,  deo: oymt: n t  c a b l e  maJ bE: pu l l ed 
tu : e rmi  t cente r / a f t  cha s s i s  to move a•flay from U1 . 

p .  Con t i n ue t:) � u l i do u b l e  braked ree l  tapl'  ( F i � u re 2 - 5 , V i el'l D ) . 
Vt>ri f:t tha  • : 

( - )  Forwa rd ch a s s i s  c o n t i nues to unfo l d  a r. d  � oc ks i n  pos i t i o n .  
( 2 )  F o rward whe e l s un fo l d . 
( j ) O u t e r  brak e c! ree :  c a b l e s  a�·e s l c C k . 
( 4 )  4 5 c  c a b l e  aga i n  become� t � u t .  

q.  Re l ea s e �oubl e brak�d reel t a � e  a n d  a t  ch a s s i s  R R  g ra s p  outer 
byaked ree l  ca b l e i n  r i g h t  hand and remo ve c a b l e pin P8 ( F� g ure 
2-6}  wi th l e ft h a n d .  

r .  

s .  

t .  

u .  

Di s c a r d  c a b l e  a n d  p " n  outs i de work a r e a .  

At  c h a s s i s  L R  g ras p  c u t e �  bra k e �  ree l  c a b l e i n  l e ft hand and 
remove c a b l e p i n  P l . 

Di s c a rd c a b l e and p i ri tu t s i de work a re a . 

Pu � l  c e n te r  braked reel t a pe ( F : g •.Jrt: 2-5 . V i ew E ) . Veri fy tha t 
fonva•·d chas s i s  l ower� Ul� t i l  a l l whee l s  c o n ': a r:: t  l (;n a r  s u rfar.e a n d  
s up p o rt veh i c l e  we i gh t  and 4 5 °  c a b l e  i s  s l a c k .  

NCTE : I f  \;hee l s  fa i l  t o  s l i de ,  depl oyment ca b l e may te p u l l ed 
to move L R V  av1a�: hom U1.  

RU:.r>Rr'S 

F o rw a rd whee l l ock s trut p i n s 
n: l ea�.e a n d  fo n.a rd wnee ! s  d e 
p l oy as the a ng l e  betwer:n the 
fon1ard a n d cen ter chas s i s  
ap proa ch es 1 70 degrees . (The 
4 5  degree c a b l e a g a i n  ber.ome-s 
t c. u t )  . 

At th i s  t i me the fonJard an d 
a f t  c h a s s i s  s e c t i ons are d e 
pl oyed a n d  l ocked to the center 
chass i s . Al l whee l s  are de
p l oyed . The fo n1a rd chas s i s  
i £  h e l d u p  b�t the te l es c op i c 
tu�e a s s embly and the �5 degree 
c a bl e .  

F i gure 2 -6 .  

Th i s  tai e was p revi ous l y  
s towed o v� r a L M  l an d ' ng s t r J t  
f0r c o n ve n i e n t  � c ce s s .  

U s i n0 dr: Q l oyment c a b l e  to � u l 1 
t he LR\' . vr: t :·, pc:rk i r. 9 b r a � e  
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LS006 -002 -2H 
LUNAR ROVING VEH I CL E  

OPERA T I ONS HANDBOOK 

C�.UT l ON/WARrii tiG FLAG -·---LATCH ( REMOVE AND D I SCARD 
A F l ER LRV DEPLOYME NT ) .  

L OL K  P I N  & ------.. 
\.IAHN I NG rLAG 
( L OC�  P I N  REMOV l U 
AND D I SCARDED Af T E R  
D E P L O Y MENT ) 

_ _ I H GIIT TOEHOLD 

- J PO� J T I O N  

t '  j .h r · LAT E R A L  � 
q � jl • u . ' F OOT I 

S E C T I ON 

· R E S T R AINT 

I 
P3 l I 

� '"'  - .- l�, 

,:� --"":�"' U.fT TOCHOLO 
POS I T I 01� 

( T Y PI C A L  -1 P L AC E S) FORWARD STtERING 
UECOUPL I NG PULL 
RI NG 

CONTROL AND 
D I SPLAY CONSOLE 

REAR S T E E R I N G  
DECOUP L I  N G  !JULL 
R I I\G 

7l!�J) 
'II \ �b I� 

� r  
, I CON T I N G E N C Y  

D E P L O Y M E N T  
C AB L E  R E L E A S E  

A F T  
H I N G E  
LATCH E S  

I 1\ // 

D E  LATCH 
F I TT I NG 
RELEASE 
P I N  

� --� ' \  /A , \\ I ./I 1 "? 
OUTER BRAKED REEL 
CABLE RELEAS E P I N  
( TWO PLACES , P l  AND PC)  

f i GU R E  Z -6 L H V  DEPLOYMENT HARDWARE AND STEERI NG R :i:NG LOCATI ONS ( SH E ET 1 OF 2 )  

M i s s i on -�-J __ Bas i c  Date 1 2/4/70 Change Date 4/ 1 9/ 7 1  Page � 



T R I POD 
APEX  

LS006 -002-2H 
LUNAR ROV I NG VUI I CLL  

O P E. RAT I ONS HANDBOOK 

CENTE R CHAS S I S  

S T RUTS 

PLAN V I EW 

S I DE V I EW 

NOTE : LEFT S I D E  TRI POU 
ASSEMBLY SHOWN . R I Gi t l  
S I DE PULL P I N  NUMBERS 
SHOWN I N  PARENTHE S I S  

Q U I C K  RELEAS E  P I NS 

P5 ( P l l )  

f ! GUHE 2 -6 L RV DEPLOYMENT HARDWARE LOCAT I ONS (SH�ET 2 OF 2 )  
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STA/ S T E P  : : _ : i: � LJ ? E  

2 . 1  

v .  

w .  

x .  

y .  

z .  

( Con ti nued ) 

Coi l dep l oymt::n ·� cab le  and remove c,� b l e  re l ease  p i n  P l 4  and chass i s  
del atch fi tti ng p i n  P l 3 .  D i s c� rd cab le  a n d  depl oymen t ha rdware 
outs i de of \'lark are a .  

Dep l oy R F  fender extE n s i on .  

Veri fy both h i nge p i ns f l ush a t  R F  h i nge . 

Remove p i n ;, P9 ar.d P l O  from ri ght tri pod and d i scard ch ·ar of 
depl oyment a rea . 

Grasp  tri pod apex wi th ri ght t and  and remove p i n  P l l  wi th l e ft 
han d .  

a a .  Di scard tri pod mai n �e�b�rs a n d  p i n c l e a r  o f  depl oyment area . 

a t .  Gras p rema i n i ng short tri pod membe r i n  r i g h t  hand ,  remove p i n  P l 2  
wi th l e f t  hand ,  and di s c a rd p i n  c l ea r  o f  depl oyment are a .  

REt-':ARKS 

er.gaged and whee l  s tru�s 
tethered1 shou l d  be ke�t to a 
mi n i  mum . 

F� gure 2 - 6 . When p i n  P 1 4  i s  
pul l e d , dep l oyment cab le  and  
rear  wheel tethers fa l l  free 
of veh i c l e . When p i n  P l 5  i �  
p�l l e d ,  d e l a tch fi tti ng  wi l l  
e i ther fa l l to s u rface or bt 
reta i ned  i n  p i n 1 es s  fi tt i n g .  
I f  retai ned , pu l l f i tt ing  free 
at c l e v i s  and d i s card f i t t i ng . 

I t  h i nge p i r  i s  not  f l ush , tap 
pin wi th toehol d  s ubsequen�ly  
remove d i n  s tep ab .  Veri fy 
p i n  i s  l atched by pres s i ng 
down on chass i s .  

F i g u re 2 -6 .  
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2 .  1 ( CG n t i n ue d )  

a c .  Fe-�1e s n o · t  tri pod membe r � nd i ns e r t  t r i pe� re�bEr i n  r i gh :  
t,. e, o 1 c  ; os i t i o n  c r  s tc.,., i n  unders e a t  s tov1age ba g .  

a d .  P t. l l r i g h t  t oo t re s t  1 i ft tabs . 

P.o t a te footrest  upwa !·d and fon:ard anc:! l c·ck i nto pos i ti o n .  

RE l e a s e  vel c ro t i edo ... m s t ra p ( i f  neces s a ry � , pul l out  r i g h t  C/D 
cCJn s o l e  "T" ha nd l e P i 3  \": i th l e ft hand and turn 90 " C W .  

Re 1 e�s� r� ght seat  bel t from stowage pos i t i on and  s tow in  temper
a •·; l ocat ion . 

ah . Rotate ri ght seat to s ta b l e  overcente r  pos i ti o n .  

a i . Rotate l egs t(• fu l l  upri ght  pos i t i on .  

aj . Atta(h forward seat  l egs vel c ro s trap to outboard handho l d .  

a !: .  Veri fy underseat  s towage bag erects .  

a l . Pul l seat  p � n  frame forward to  engage �ro n t  l egs . 

am. Ver i fy a 1 1  s eJ t 1 a t ches l a�ched.  

a� . Ver i fy both h i nge p�ns  fl ush Jt  RR h i nge . 

I �  ' ------- ---· -----
� 

;: � r:;, Fu: s 

I f  s ho r t  t r i pod meffiber i s  i n ·  
s ta l l ed i n  ·.;oehc; l d  pos i t i o n ,  
er :d \·l i th hook s h G u l d b e  o u t 
b o a rd w i tn hook p o i n t i n g fo r 
w.:,rd . Th i s  i s  a l � o  used a s  
wheel deco u p l i n g too l .  

F i gure 2 -7 .  Tabs pu l i free o f  
footres t s  b u t  rema i n  a t t a c h e d  
to the f l oo r  pane l . 

F i gure 2 -8 .  

F ·, gure 2 -9 .  

I f  l l i n ge p i n  i s  n o -:.  f l us n , ta (:  
p i n  •l i tr toe nol d .  'Jeri f.� ;; .. r. 
i s  ] a tcned by P '":> <; s � r. ;  r::c . .  '" : r. 
cl!..aS s.i s .  
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LUNAR ROV I NG VEH I CLE 

OPERAT I ONS HANDBOOK 

S I DE V I EW 

STRAP 

F I GURE 2-7 FOOT REST DEPLOYMENT 

STRAP PE Rr·�A
NENTLY ATT/\CI I E O  
TO FLOOR PANEL 
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LS006-002-2H 
LUN/\R ROV I NG VEI I I CL L  

Of'l l�/\ T I ONS 1 1/\N OI\OOK 

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

--1 I 
I 

I 

HANU CONTROLL E R  

I N !lOAHU AI�MREST 

V L L C RO STRAP TO 

I IOLO T -HANDLE F L USII  

WITH CONSOLE BOX 

DEPLOYMENT LATCH P 7 .  

LATCH P l 3  OPPOS I T E  S I DE 

LI:.FT 5 1 01:. V I EW 

• I G  I R/\ I N L H  l N B0/11\11 1 1/\NIJ I IOLO L/\NtiUT UL I OL I J l l l  IHJWN 1 0  

� l MIII . /\ 1 1 P R l - lllf' I . IJYr1t N f  I'OS ! T I U N  OUI:. fO C/\Bll RUN� 

F RP�l l ON'.OL I . 

F I GU R E  2 - 8  CONTROL /\NO D I S PLAY CONSOLI:. DEPLO YMENT 
--------- - - - - ----- -
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I l l  I I II I  Ill' 

l'fi', I I I I IN 

v 1 1 11  ' 

V I I  II I· 

11()1� \IQUIII<I I �  S - 1 011 lOIII 
Oll l ¥ f R  ' PASHMOIR S l A T S .  

l l l l  S I A l  I S  SH<MI . 

RIY!t: SIAl I> MlRIIllfl I MAg . 

f i GURE 2-9  

� l � S l O n _____ ;_ J 

LS006-002 -2H 
LUNAR ROV I NG VEH I CLE  

OPE RAT I ONS HANDBOOK 

VCLCRO STR�r AT 
fRONT EDGE Of <;l/11 
IS ONLY fOR IIOLOINr. 
SEAT PIINEL IN fiiLL ur 
POS I T  ION. 

REMOVE S EAT Bfl I TO 
TEMPORARY STOWIICOI. 
LOCAl ION. <;TOW 
INnOARO 111\NIMIOlll I I I IXII.nl 

S I RI\P RY AI TAr.II INI; IIIII y 
TO OR J CO I N/11 qnwM,I 
VrJ CRO. 

VElCRO STRAP 1101.1!� 
<;£AT I N  UPRIGIIT I 
POS I T ION TO SEAT · 

BACk 

ROT/ITr <; [ A T  I n  

filii liP • ro<; 1 1 1  nN 
/\NO Rf l l /1'1 

.........1. -t- 
. _g:.,;�_ - . L. 

v1rw  4 V I I  W � 
ItS I S S  SIOWIIGL 
�TRAP (PH S £ 11 1 )  

I NDOARO IIANOHOI 11 

GRASP S i ll !  1\r.l\1�� 
ROTATf ' S I II T  DOWNW�RO 

T I EOOWN ST RI\P (lll Sf Ill) 

SEAT SNAPS TO fOPWARO Llf.\ 
/IS SOON /\<; CONTACT I <;  MA11L 
(Sri\T I 111(11[5) 

-- � - -r· 
I : .. ..J._ 

VI I r.RO q RIIP ON 
I llRWIIRO Sl AI I I r, 
f i\<; J ! NS TO OUIROIIRO 
111\NI'MIOLil VELr.RO T O  
R£li\T N llGS llPR I COIIT 

---- ------------�------

V I I W  II Sf/11 lli i'I OYI Il 

SCAT AND PLSS S UPPORT DEPLOYMENT SlQUENCE 

Ba s i c  Jate 1 2/4/ 70 Cnange Da te __ 4�/ 1_9.:../_?l __ )u ge 2 - 1 7  
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I 2 .  l ( Co n t i n u e d )  

I � G .  
'/ i s u a l l y  veri fy the re a r  s teer i n J cecou:: l i n g pul l ri ng s c: a l  has 
not t.een b roken . 

I ac . De: l c•y RR fender ex tens � on . 

I · ac . Decl oy L R  fender ext� 1 s i c n .  

a r .  '/e ri fy t'o � h  h i nge pi ns fl u�. h a t  L R  "l i r ge . 

a s .  Re l e as e  i nboard handho l d  �el cro ti edown s t rap . 

a t .  Re � e a s e  s eat be l t  from s e a t  s towage �os i t i on a n d  pl ace i n  :emp
o :r a ry s torage pos i t i or • .  

� I au . Rotdte seat to s ta b l e o�ercenter po s i t i on .  

.c. 
........ 
\0 
........ 
'-J 

-

\0 

I �  
Cl 

a v .  Rctcte l e-gs to ful l upr � g h t  po s i t i o n .  

a1·:. f.ttach forward seat l egs v e l cro s trap tc outcoard handhol d . 

ax.  Veri fy underseat s towage b . 1g  erects . 

ay . Pu l l  s e a t  p a n  frame fon1ard to engage front l egs . 

P U'J..P.r' S 

or, cha s s i s .  

F i �u(e 2-6 . I f  o u l l r i n q  t i r 
dOim s ea 1 i s  br0ken dnd s u b :.; e 
q u e n t  � tee ri n9 c h e c k  u s i n f  
h�rd contro l l e r � nd i ca tes s �eer
i rr g  ·: s engage d ,  d i s regJ rd broker . 
s e a l . I f  �ard contro l l e r  c h e c k  
i n d i cates s teeri nc i s  n o t  e n -
9a9ed , re(.ouo 1 e s teeri ' '9  . 

I f  h i nge p i n  i s  n o t  f l us h ,  tap 
p i r  wi th tcehol d .  Ve r i fy p i n  
i s  l a tched by p re s s i ng down on 
c h a s s i s .  

F i g u re 2 - 9 , V i e� l .  

F i g u re 2 -9 , Vi ew 2 .  
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2 .  1 ( Con :i nued)  

a z .  Veri fy a l l  s e a t  l a tches l atchec 

t a . Stow i n bc;ard handho l d  t i e down s trap by mak i ng l oop beh i n d  seat 
and a ttach i r g  end of s trap to ve l cro pa tch on top of seat back . 

c b .  

be . 

�d . 

Fo l d  i r board a rmre s t  down . 

Support co: s o l e  �-: i th l eft hand ,  wi th ri ght h and rel ease ve l c ro 
ti edown strap ( i f  recui red ) , pul l cut  l eft C/D cons o l e  "T" hand le  
P7  and  turn go� CW. 

Wi th right �and rota:e i n board h andhol d to l ocked pos i t i on wh i l e  
rotating cons o l e  do�mward wi th l e ft hand . 

be . Rotate "T" handle  P7  goo CW w i th ri ght hand ,  fol d "T"  handl e 
f l ush wi th cons o l e  bor and s e c ure i n  pos i t ion  w i th vel cro s t ra p .  

bf . Remove a tt i tude i ndi cator l ock p i n  and d i s card .  

bg . Remove C&W fl ag l ock p i n  and d i s card . 

bh . Pul l p i ns P 3  and P4 and d i scard c lear  o f  work area . 

bi . G rilSP tri pod apex wi th l e ft hand and pul l p i n  PS . 

bj . Di s card p i ns a�d apex me�bers c lear  o f  work area . 

bk . Grasp shori tr i pod member in l e ft hand and pul l p i n  P6 wi th 
r ight  hand,  and d i s ca ni p i n  cl ear o f  deol oymer1t area . 

RE f-'ARr(S 

To pre ve n t  i nte rference w i th 
hand contro l l er a rmrest must 
be folded down to exten t pos 
s i b l E  a t  t h i s  poi n t .  

"'I" ha11d l e  shou l d  "snap-i n " , 
l ock and fol d  down fl us h wi th 
conso le  box .  

F i gure 2 -6 .  

o • 
--c C  
m :Z  
:;o l>  
)> ::0  
-i ' 
� ;o :J) 
o o o 
:z < .::l 
tn ·- en 

:z 1  
:x: c-> 0 

)> 0 
:z < N 

o m I 
CD :I: N 
o - = 
o n 
:;><: '  rTl 



3: 
.· 

� 

::;, 

.:... 

C? 
:::.. 
Vl 
n 
'=" 
c. 
� 
(!) 

N 
........ 
.t> 
........ 
-...J 
0 

n 
:::T 
0.. 
::l 

<D 
rt 
0 
Ill 
� 
11> 

.t> 
........ 
1.0 

........ 
-...J 

� 

l r:v  N 
0 

S T  A;:: -;-[o ::  . ... ��i,;CE 

b l . Re�cve shcrt � r ; : : :  -e��er and use hooked �nd to �u l l cab l e  P2 . 

bm . V i � ua l l y  veri f; : --. � : t e l e s c o o i n g  rods s 0ddl e fa l l s  a1:ay from L K'/ . 

br1 . E i ther i nsert  s r1 c r: tri po c  mer�·er i n  l e ft toeh o l d  po s i ti on or  
s tov1 i r.  under:;ea:  : t�v1 cce  b r: g .  

bo.  Pul l l e ft foo t res�  i i ft tcbs . 

bq . Ro':ate footre s t  u : ·.-. :: ·· c  :l n c  fon. a rd and l ock i n to pos i t ion . 

br .  Veri f) both h i ng�  : i ns  f l ush a t  L F  h i nge .  

bs . Depl oy LF  fender e:..:er. s � on .  

h t .  Veri fy batter�· n o .  1 anc S P L:  dus t covers c l osed and  secu red to 
vel cro patch . 

bu . Veri fy the fon.arc s tee r i ng decoup' i n g  pul l r i n g  seal  has not  
been b rc ken . 

PEi-'ARr,S 

F i gure 2 -6 . Tool hor.;k i n te r 
faces wi th cab le  a rt a  col o r  
cr,de d  gol d .  De f l e c t ion  o f  
c a b l e  re l eases te l e s copi ng rods 
s addl e and fo•·wani v1heel s tr ·ut 
tethers . 

F i gu re 2 -6 .  I f  shcrt  t r i pod 
rr•:mber i s  i ns ta l l ed i n  toehol d 
pos i t i o n ,  end wi th hook s ho u l d  
be outboard wi th hook poi n t i ng 
fon1a rd . T h i s  i s  a l so used as 
wheel decoupl ing  too l . 

Tabs pu l l  free of  foo tre s ts , 
but rema i n  a ttached to fl oor 
pdne 1 . 

F i �ure 2 -6 .  I f  s e a l  i s  b ro ken  
and s ubsequent s teering check 
u 5 i n g  hand contr ol l e r  i nd i cates 
s�ee ri n g  i s  engage d ,  d i s regard � 
b roken sea l . I f  hand  control l e  
chec� i nd i c a tes stee r i ng i s  

- ·- -- .. . . . ---
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2 .  l ( Cl1nti  r. ue:d ) 

b v .  Move to ri ght s i de o f  veh i c l e  and veri fy battery nc; . 2 dus t 

c;-, 1 cover c l o s ed and secured to vel cro patch . 
a. 
"' 
-· 
n 

c c 
rt 
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N 
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""' ......... ....., 
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:::T 
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\0 
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I �  

bw. At ri gh t : i de of L RV ro tate ri ght "T"  h a nd l e  P l 3 90 ° CW , fo l d  "T ' '  
hand l e  fl ush �1i th consol e. box and s ec u re i n  po s i t i o n  �1i th ve l c ro 
s trap . 

REf!ARr:s 

not engage d ,  center whee l s  i n  
neutral  s teer,  veri f) fo n·1ard 
� teeri ng l ock and con ti nue 
mi s s i on u s i n g  rear s te e r i n �  
on l y .  

" T "  han d l e  s h ou l d s n a p - i n ,  
l oc k  and fo l d  down f l u s h  wi th 
the consol e box . 
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2 . 2  LR'.' P : s -:- : � :o :... � � � ·�� : ;;  CHECKOUT AIW llR I V E  TO r-�ESA 

a .  Ver i fy hand c o n t ro l l e r  i n  park i r g brake a n d  neutral throttl e 
pos i ti on and revE rse i n h i t i t  swi tch i s  on  (pushed down ) . 

b .  Ver i � swi :ches a nt  c i rcu i t breake rs i n  p re- l aunch pos i t i on s  as  
fo l l ows : 

c .  

NAV POWER C i rc u i t  Breaker - Open 
GYRO TORQU i N G  S � i tc� - OFF 
Syste� RESET Swi t c n  - OFF _ 
AUX C i rcui t Breaker - Open 
8US A, 8 ,  C ,  D, Ci rc� i t  Breakers - Open 
+ 1 5  DC PR IM  and S�C Ci rcui t Breakers - Open 
+ 1 5  DC Swi tch - CFF 
f.fOTOR TEM? s�:i ten - FOR�iARD 
BATTERY Swi tch - � ·ps  
PWM SELECT Swi tch - BOTH 
SlEERING FORWARD anc REAR C i rcui t Breakers - O�en 
STEERING FORWA�D and REPR Swi tches - CFF 
D k i V E  POWER L F ,  R F ,  L R ,  RR C i rcui t Breakers - Cpen 
DRIVE POWER LF , RF , L R ,  RR Swi tches - OF F  
DR I V E  ENABLE L F ,  RF , L R ,  RR Swi tches - OFF 

Manuill l y  rrove the LPV awav froro the !. � .  ( St>e t·erra rks for L RV 
confi curat i on �or t" i s  ooe rat i on ) . 

P.E r-'r. P. r:S 

Crewman s tands a l ong  s i de the 
veh i c l e .  

F i gure 2 - 1 1 . Crel·,n;an s tands 
a l ong s i de veh i c l e .  

Crew may manua l l y move L RV 
away from LM p r i o r  to powerup ;  
the hand control l er shou l d be 
p l aced i n  neutral thrott l e  pos i 
t l on and park i ng brake rel eased .  
Wi th a crewman stand ing on  
ei ther s i de of  veh i c l e  outboa rd 
hundholds may be used to l i ft ,  
move , and  tov1 LRV to any des i red 
l ocati on . 
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STA/ S T E P  P R,)CEDURE 

2 . 2  ( Con ! i nued )  

d .  Set  oark i ng br ake .  

e .  I ng ress l e f t  seat , fasttn seat  bel t and i n i t i ate s ubsequent 
power up  steps . 

f .  BUS A ,  BUS B ,  BUS C ,  BUS D C i rcui t Breakers - C l ose . 

g .  BATTERY Swi tch - VOL-S x 1 / 2 .  

h .  Report BAT 1 and  BA� 2 VOLTS i ndi cat i ons . 

i .  BATTE�Y Swi tch - AuPs . 

j .  Report BAT 1 and BAT 2 temp ( " F )  i nd �cat i on s . 

k .  Report BAT 1 and  BAT 2 AMD-HR i nd i cati ons . 

� 1 .  Report BAT 1 c:nd s;T 2 AI'PS i ndi ca t i ons , 
0.0 
� m. + 1 5  VOC PR IM  a�d SEC Ci rcui t Br�akers - C l os e .  

-
-= 

l r;:  
N 
w 

n .  STE E R I NG FOR�:.A.P.D Ai:C REAR C i rcu i t Breakers - C l ose . 

o . DR I VE PO\�ER L F . RF , L P. ,  RR C i rc u i t B reakers C l ose .  

REttARKS 

Lunar  wei gh t  of  LRV at t h i s  
poi n t  wou l d  b e  approxima te l y  
85 l bs .  Hand control l e r  i s  
p l aced i n  neutral thro t t l e  
pos i t ion a n d  brake di sengaged 
to permi t wheel s to rol l .  

Crewman s tands a l ong s i de 
veh i cl e ,  and shou l d  exerc i s e  
care n o t  t o  move veh i c l e  
wh i l e  setti ng brake . 

F i gure 2 - l C . 
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LUNAR ROV I NG VEH I CL �  

OPC RAT I ONS HAND�OOK 

SCAT � E L T  PLACED ON I N BOARD 
HANDHOLD FOR STORAGE P R I O R  T O  
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CAUT I ON/WARN I NG LATCH 
{ D I SCARDED AFTER LRV 
DEPLOYMENT) 
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2 . 2  ( Co n t i n ued )  

p .  DR:  VE ENhBLE L F  and  RF Sv1i tches - P�lt� 2 .  

q .  DRI VE ENABLE L R  and P.R Svli tches - P\.l·i � .  

r .  + 1 5  VDC Swi tch - SEC .  -
s . STEER I ::G FOR\·JARD Swi tch - BUS C .  

t .  STEER  I iiG REAR Swi tch - BLS B .  

c�:!:!:��:�::l 
The hand co ntro l l e r  shou l d  be i n  p a rk brake pos i t i o n  
and t�e dri ve en�bl e swi tches mus t be set t o  an 
act i ve PW� p r i o r  to set t i ng any dri ve power swi tch to 
an energ i ze d  bus . I f  the dr ive power swi tch i s  turned 
on and the corres pond i ng drive enab l e  swi tch i s  not  
sel ected to an  acti ve PHI� , then fu l l  � m1er wi l i be 
ar.p l i e d  to the correspondi ng dr ive motor when the 
h�nd contro l l er is rel eased from b rake pos i t i o n .  
Shou l d  th i s  condi t i c n  o c c u r  t t e  hand  contro l l e r  
sho u l d  b e  i mmed i a tely returned t o  p a rk brake pos i t i on .  

u .  DRI Vf POWER L F  Sw� tch - BUS C .  

� I v .  DR I VE POWER RF Swi tch - BUS C .  

, �  N C' 

1·1 . DRI VE P0\·1ER LR  Swi tch - BUS B .  

P.t:'-'A R f S  

Forward steering  operates from 
Battery i l o .  2 . 

Rear s teer i ng operates from 
Batte r�1 N<� . l . 

Tt e PWM s e l ect swi tch determi nes 
wh i ch PWM i s  act i ve . 
The hand controller was veri 
f ied  set i n  park brake pos i t i on 
i n  s te;o  2 . 2 . d .  
The PW� sel ect  swi tch was veri 
f i ed i n  " BOTH" pos i t i on i n  s tep  
2 0 2 0 b .  
The dri ve e n a b l e  swi tches 1:ere 
set  to act i ve PWM pos i t i ons i n  
s teps 2 . 2 . p  and 2 . 2 . q .  

F ro n t  ��hee l s  operate from 
Battery Nc . 2 . 

Rea r  whee l s  operate from 
Batte ry tlo .  l .  
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STA/ S T E P  P ROCEDURE 

2 . 2  ( Conti nued) 

x .  DR IVE  POWER RR Swi tch - BUS B . 

y .  Re l ease park i ng brake.  

z .  Hand Con trol l er reverse i nh i bi t  S\>J i tch - UP pos i t ion .  

NOTE : The LRV dri ver may now hack away from LM.  LRV dri ver 
shoul d request other crewman to di rect and moni tor any 
back i n g  ope rations from an off-vehi c1 e  pos i ti on . 

aa .  Stop LRV and set oark i ng brake . Reset reverse i nh i b i t  swi tch 
(push swi tch down ) .  

ab .  Rel ease park i ng brake and dri ve to MESA area for equ i pment l oad ing .  

ac .  Stop LRV  and set  hand control ler  i n  park i ng brake pos i t ion ; 
Neutral throttl e .  

ad . Perform LRV parti a l  power down as fol l ows : 

DR I V E  POWER Swi tches (t )  - OFF . 
STEERI NG Swi tches ( 2 )  - OF F .  
+ 1 5  VDC Swi tch - OFF . 

REt'Jl.RKS 

To the extent possi bl e  dri ver 
shoul d veri fy s teeri ng , speed 
control and bra k i ng during 
th i s  brief dri ve . The off
vehi c l e  crewman shou l d  veri fy 
al l four wheel s  rotati ng ( not 
s l i d i n g ) . 

Park i n g  brake shoul d  a l ways be 
Sf!t pr ior to veh i c l e  egress by 
ei ther crewman . 

Turn i n g  off dri ve power , s teer
i n g ,  and + 1 5  VDC swi tches 
ens ures that a 
fa i l ure i n  the DCE wi l l  not 
apply power to any veh i c le  
motor thereby precl udi ng any 
unnecessary power dra i n .  

---- -------- -· ·--· --- · - - - - - ·  - - · ·  -- -
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STA/ S T E P  PROCEDURE 

2 . 2  ( Conti nued) 

NOT E : The above s tep 2 . 2 . ad a s s umes that  payl oad l oading  and 
f i rs t  LRV traverse wi l l  fol l ow i n  o rde r .  Sho u l d  crew 
res t  period be s chedu l e d  s ubsequent to s tep 2 . 2 . ae and 
prior  to f i rs t  LRV sort i e , then Bus A, B ,  C ,  and 0 
c i rcui t breakers shou l d  be opened . 

a e .  Rel ease and stow seat bel t and egress veh i c l e .  

RH'Jl.RKS 
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2 . 3  PAYLOAD LOADi ilG 

2 .  3 .  1 LCRU I n s ta l l at ion 

a .  Pl ace LCRU s upport pos t l ocks i n  the up pos i t i on .  

b .  D i s connect GCTA connector from LRV dummy connectors . 

NOTES 

1 .  Do not di sconnect LCRU power cabl e from 
LRV auxi l i ary connec to r .  Dus t contami nation 
coul d occur i f  this connector is di sconnected. 

2 .  Do not a l low GCTA connector of cabl e to fa l l  
to l unar  surface . 

3 .  Do not pl ace payl oad on battery cove r .  

c .  Remove dummy connector from LRV GCTA receptacl e and di scard . 

d .  Remove LCRU from i ts L M  s towage pos i t i on and p l ace onto LRV 
forward chas s i s LCRU support pos ts . 

e .  Wh�n LCRU i s  bottomed agai nst  s upport posts , pos i ti on support 
post locks  � n  ho1 · i zontal pos i t ion  to s ecure LCRU . 

f .  Veri fy LRV AUX power ci rcu i t b reaker - Open . 

REVARr:S 

F i gure 2 - 1 2 .  LRV  arri ves on 
l unar  s urface w i th LCRU s upport 
pos ts i ns ta l l ed i n  L RV s upport 
tubes on forward chas s i s  an d 
with LRV/LCRU power cab l e  con
nected to LRV auxi l i ary 
connector . 

F i 9 u re 2 - 1 2 . 

Fi gure 2 - 1 3 .  
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H I GH GA I N  ANT[NNA 
AND GCTA ADAP T E R  
I NS E RT ( REMA I N S  O N  
LRV A T  A L L  T I M E S )  

CABLE 

GCTA POWER CONNECTOR 

SUPPORT 
POST 
LOCKS 

,/ 

LS006-002-2H 
LUNAR RO V I NG VEH I CL E  

OPE RATI ONS HANDBOOK 

LCRU OR r. c l A  CONNlCTOR 
( D l SCONNl C T L U  I-ROM DUMMY CONNECTOR/ 
DUST CAP GEFORE I NSTALL I NG LCRU ) 

DETA I L  A 
( TY P I CAL 2 PLAC E S )  

DUMMY CONNECTOR/DUST CAP 
( REMOVED AND D I SCARDLU 
GE FORE I N S TAL L I NG H I GH 
GA I N  ANTENNA OR GCTA) 

LRV FWD CHAS S I S  

L R V  AUX I L I ARY CONNECTOR/ 
LCRU CAGLE POWER CONNECTOR 

/ ...:.._ LCRU CONNECTOR 

LL C RU/TV /LRV 
CABLE. 

F IGURE 2 - 1 2  LCRU/TV/LRV CAGLE STOWAGE 

o"i l S S l v n  ___ J __ _ Ba s i c  Dc. te 1 2/4/ 70 Cnan�e Da te __ 4;.../ 1_9...;./_7_1 __ ) ... ge �30 



COLOR TV  

CONNECT I ON 
TO THE LOW-GA I N  
ANTENNA 
AriD H I  Gil 
GA I N  ANHNNA 

LS006-U02-LH 
LUNAR ROV I NG VEH I CLl  

OPE RATI ONS HANDBOOK 

/ 
l..-/ 

I 
) 

OPTI CAL S I GHT 

HI GA I N  " S "  BANU 
ANTENNA 

POI N T I NG 
HANDLE 

LOCK I NG 
COLLAR 

- /  
/ 

�y �?-'. I \ 
RED A L I GNMENT MARKS ON 
COLLARS ( T Y P I CAL FOR 
H I GH GA I N  ANTENNA ANO 
TV CAMt.RA) 

F I GURE 2 - 1 3 L CRU , H I GH GAI N  ANTtNNA,  TV  CAMLRA I NSTALL AT ION 

o"t l ss  1 0 n  -----J Sa s i c  ::late 1 2/4/ 70 Cnanqe Da te __ 4_1_1_9;.../7_1 __ ,.., 9L' L' - . ! 1  
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STA; s -;- � p  P Rt!C::JURE 

2 .  3 . l ( Con ti nue d ) 
g .  Oi s conne c t  LCRC po�1er con ne ctor from L R V  dumrrJ connector a n d  

connec� to LCRU . 

h .  Cover co n n e c tor wi th thermal  boot . 

� 1 i .  Re�ove d u�my conne c t o r  from LRV HGA re ce p ta c l e a n d  d i s c a rd . 
� 
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2 . 3 . 2  GCTA I n s ta l l a t i o n 

a .  At MESA , p u l l p i n re l e a s e  r.a b l e .  

mi rro r 

b .  RcrrQve GCTA contro l  un i t  a n d  s upport s ta ff from MES A .  

c .  Un fol d GCTA s up���:f�ji fy s ta f f  l ocke d .  

I t  GCTA s ta f f  i s  n o t  p ro p e r l y  l c cked , 
i t  co u l d  f a l l on LCRU and c a u s e  s � vere 
LCRU rad i a to r  dama ge . 

d .  

e . 

f .  

Wi th connector recepta c l e s  i nbocrd , i ns e rt GCTA s t a f f  i n to 
mo un ti n g re cept a c l e on ri ght f ro n t  corne r of LRV . 

Rotate s t a f f  to a s s ure engagement o f  s �a f f  ar. t i -rot a t i on a l  
p i n s . 

GCTA s t a f f  bayonet col l a r - Lock ( CW ) . 

F t: •:r P f.S 

F i gure 2 -1 3 . 

Al i g nwe n t  marks a re p r o v i ded 
on GCTA s t a f f  l o c k i r. g  c o l l a r .  

- ---------
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2 . 3 . 2  ( Con t i nued ) 
g . Connect GCTA connector o f  LPV/LCRU cob l e  to GCTA con trol  

uni t .  

h .  On T V  camera , LM PWR 5wi tch - OF F .  

� 1 i . Di s connect LM/TV cab l E  from TV came ra and  res t connector on 
� tri pod handl e .  
n 

c c 
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j . Remove TV camera from Ll·: tri pod and i ns ta l l on GCTA a z i muth/ 
e l evation  uni t .  

k .  Connect GCTA control un i t  connector to TV camera . 

2 . 3 . 3  l E  mm Data Acqui s i t ion  Camera I ns ta l l a t i on 

a .  Remove camera and staff  f rom L�1. 

b.  Assf·mb l E  camera and staff  i n to s i ng l e  un i t .  

c .  I nsert  S td ff i n to receptac l e  on LRV r i g h t  i nboard handh o l d  . 

d .  Ver ify s ta f f  l ocked i n  p l a ce by pu l l i ng u p  on the camera wi thout 
depre s s i n g  the push  button on end of  handhol d .  Camera s ta f f  
s�ou l d  not  move verti ca l l y .  

2 0 3 . 4  Low Ga i n  Antenna  I nsta l l at i on 

a .  Remove l ow gai n antenna from LM s towage l oc a t i on . 

b .  Insert  l ow g a i n  antenna staff  on LRV l e ft i nboard handhol d .  

c . Ver i fy s t a ff l ocked i n  vPrt i ca l l y  by pu l l i ng up on staff wi thout 
deore s s i n g  bu�ton on end of h andho l d .  Low ga i n  antenna s ta f f  
s l  o u l d  not move verti ca l l y .  

( 

RE f.'AP.(S  

Fi gure 2 - 1 4  . 

F i gure 2 - 1 4 .  
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1 0  IWT /\ T l  /\L l MUTI I  S U T l llG , 
! ;RASP HANDL E , PUSH UOWN 
TO UNLOCK , TURN TO DES ! RC D  
S E TT l NG AND R E L E AS E .  <; T /\ F f  
LOCKS I N  LAST POS J l ! Otl . 

LI�V l N60/\RD 
I IANlJHOLO 

LS006 -002-2H 
LUNAR RO V I NG VEH I CLE 

O P E R AT I ON S  HANDBOOK 

PU<;II BUTTON TO 
RCLEAS[ ANlJ/OR 
RL��OVC S T A F F  
FROM HANDHOLD 

f ! GURL 2 - 1 4  1 6  MM UAC ANU LOW GAI N ANTENNA I NS TALLAT I ON 
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STA/ STEP  ;: e: ;CEOUPE 

2 . 3 . 4  ( C o n t i n u e d )  

d . Route l ow g a i n antenna ca b l e  to L C R� and s e cu re to LRV wi tn s trap 
on co n s o l e a n d  cl i p s on forw a r d  c h as s i s . 

e .  Connect l ow g a i n antenna c a b l e  to LCRU . 

2 . 3 . 5  H i gh G a i n  Ante n n a  I n s ta l l a t i o n .  

a .  Remove h i gh gai n an tenna from U� s towage pos i ti on .  

� I b . I n s e rt h i gh gai n an tenna s t a ff i n to the mou nt i n g  rec epta c l e  on the 
ro l e ft front corner o f  th e LRV and l oc k .  

N 
c .  U n f o l d  a n d  l o ck HGA s t a f f . 

� I d .  Remove a n d  di s ca rd opti c a l  s i gh t  reta i n i n g  cl amp . 
'-I 
0 

e .  Open a n d  l oc k  HGA di s h .  

9 f .  Con n e c t  HGA cabl e to the LCRU . 
0, 
� 
� g .  Act i vate LCRU/ GCTA and per form commu n i ca t i on checks as requ i re d .  
0 

� h .  De ac t i vate LCRU/GCTA u n t i l neede d .  

2 . 3 . 6 Aft P ay l o a d  P a l l e t I ns t a l l a t i on :; I a .  Rel e a s e  the pa l l e t  s u pport pos t  t i edovm on LRV a ft chass i s .  
1.0 
...... 
...., 

-
·-= 

N 
I �  

(.11 

b .  E re c t  pa l l e t  s upport pos t .  

c .  Remove p a l l e t  from L M .  

REr1:ARKS 

F i g u re 2 - 1  5 . 

F i gure 2 - 1 3 .  

Al i gnment marks are pro v i ded 
on HGA s ta ff l o c k i n g  col l a r .  

F i g u re 2 - 1 6 . 
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f CABLE CL I P ON LRV 
( PRESS CABLL I NTO 
CL I P  2 PLACE S )  

M I L NN/\ C/\BLL 
CONN E C T I ON TO 
L IRU 

LS006 -002 -2H 
Lur;AR RO V I NG VEH I CL E  
OPE PAT I ONS HANDBOOK 

_ _.------- LOW G /\ 1  N 1\NH . NN/\ 

---

*ASTRONAUT FORMS LOOP BY 
PLAC I NG CABLE AGA I NST 
CONSOLE VELCRO AND 
PRESS I NG THE VELCRO 
STRAP ONTO I T SELF AFTER 
COVE R I N G  CABL E .  

r i GURE 2 - 1 5  LCRU LOW GAI N  ANT ENNA CABLE i NSTALLAT I ON ON LUNAR SURFACt 

�� � � !:. 1  un J 
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,"\i s s  i on 

LS006 -002-2H 
LUNAR RO V I NG VEH I CLE  

OPERATI ONS HANDBOO� 

PALLET SUPPORT POST ( ST OW[D) 

POST T I E DOWN TAB 

F I GURE 2 - 1 6  LRV REAR PAYLOAD PALLET ADAPTERS 

-----
J Ba s i c  Dote 1 2/4/70 Cnange Da te __ 41_1_9_17_1 __ ::> ... ge �37 
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2 . 3 . 5  ( Co n t i  n ue d )  

c .  Connect p a l l e t  to p a l l e t  S L: � p o r t  pos t .  

e .  R o t a t e  p a l l e t  about s u p po r t  oos t  u n t i l p a l l e t  l oc k s  i n  p a l l e t  
a d a o te r  o n  L RV LH a f t  cha s s i s . 

2 . 3 . 7  Buddy S L S S  I ns ta l l a t i on 

1 a . 

I b . 

I c . 

Remove BSLSS b a g  from LM . 

Re l e a s e  BSLSS s u p p o r t  s t ra c  on back o f  ri gh t s e a t .  

Feed s trap throu g h  BSLSS b a g  h a nd l e  a n d  s e c u re to PLSS s u p p o rt 
vel cro on front o f  back s e a t . 

P.E; ·;.Rr:S 

F i g u re 2 - 1 7 .  

F i gure 2 - 1 8 .  
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1 '1\YLOALJ I TE MS MOUNTlU ON 
1'1\l l l  T UUORl LAUNCH 
( 1 ' ,\� LOI\tJ I TE.MS NOT 
\ I I LlWN ) 

REAR PAYLOAD PALLET 

r�LLLT L O C KS I N  PLACE 
t iPON l NGAGLMENT W I TH 
L . I I .  AUA P T E R  

LS006 -002 -2H 
LUNAR ROV I NG VEH I CLE  

OPE RAT I ONS HANDBOOK 

F I GURE 2 - 1 7 REAR PAYLOAD PALLET I NSTALLED 

Mi s s i on ___ J __ _ Ba s i c  Date __ 1 2_1_4..;../_70 __ Cnange Date __ 4_1_1 9_1_7_l 
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L RV PASS�NGER SEAT 

."i l S S l C.. n ___ J __ _ 

LS006-002-2H 
LUNAR RO V I NG VEH I CLE 

O P E RA T I ONS HANDBOOK 

BSLSS SUPPORT STRAP 

PULL TAB 
( PULL TAB TO RELEASE 
S1 RAP F ROM PLSS 
SUPPORT VELCRO ON 
FRONT OF SEAT BACK)  

STEP 3 

BSLSS SUPPORT STRAP 

BSLSS BAG 

F I GURE 2 - 1 8  BUDDY SLSS I ljSTALLAT I O N  

S a s  i c Jute 1 2/4/70 C n a nqe Da te __ 4;.../ 1_9..;./_7_1 __ )..,ge �40 
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ST.!</SH.r  P Rt) C E OUFE  

2 . 4  PRE SORT I E  CHECKOUT AND P REPARAT I ON 

a .  Veri fy ba ttery and SPU dust  covers c l ose d .  
b .  Veri fy hand control l er i n  park ing  brake and neutral throt t l e  

pos i t ion  a n d  reverse i nh i t i t  swi tch � s on  ( pushed down ) . E�:.:!:·:!!J 
Do not grasp the 1 6  MM Data Acq u i s i ti on camera 
staff  or l ow gai n an tenna s taff duri ng i ngress . 
The handho lds  a re des i gned for i ngress by 
gras p i ng the handhol d  hori zonta l and vert i c a l  
members bel ow t h e  pay l oad staffs . 

c .  LRV dr�ver i ngress L RV l eft seat and fas ten seat bel t .  

d .  Other crewman i ngress  L RV ,  and fas ten seat  be l t .  

.. ,,,,,,,,,,,,,,,,,,] c�:.,��!�·:!���:J 
Do n ot grasp the 1 6  MM Data hcqu i s i tion camera 
staff  or l ow gai n a n tenna s taff  dur i ng i ng res s .  
The handho lds  are des i gned for i n gress by 
gra s p i n g  the handhold  hori zontal and vert i ca l  
members bel ow the payl oad s ta ffs  . 

NOTE : I f  t h i s  i s  the fi r s t  LRV sorti e and  th i s  procedure 
sequence i mme d i a te l y  fo l l ows i n i ti a l pay l oad l oadi ng 
( 2 . 3 )  and LRV post depl oyment checkout  ( 2 . 2 ) , then 
at t h i s  po i n t  the C / O  panel i s  i n  a power down con 
f iguration  i n  accordance w i th step 2 . 2 . ad .  
I f  th i s  i s  the case then s tep 2 . 4  need only be a 
veri f i cation  as i t  has  been previ ous l y  accom
pl i shed . 

REHARKS 

Boa rd l ef t  seat  f i rst  and 
veri fy park i ng b rake set pri or 
to other  c revJman boa rdi ng . Do 
n o t  boa rd both seats s imu l t a n 
eous l y .  
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g I 2 . 4  ( Cont i n ue d )  
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e .  BV: ;.. , e· . .::, B ,  EUS C ,  BI,S D C l� · � - C l o s e .  

f .  NAV POWER C B  - Cl ose .�=�:� 
Do not torque av  gyro un 1 nav power has 
been on for 3 mi n utes . 

g .  Report BAT l and  BAT 2 AMP S .  

h .  BATTE R'� Swi tch - VOLTX x 1 / 2 . 
i .  Report BA� l and BAT 2 VOLTS . 

j .  Rt:port B,!T l and  BAT 2 ftMP -�R .  I n sure rear; i ng i s  s t ab i l i ze d ,  
i nd i c a t i n g  the amr. -h r  i n tegrator h a s  h a d  adeq u a te warmup t i me .  

k .  BATTERY Swi tch - A��S . 

1 .  D R I V E  Ef;ABLE L F and RF Swi tches - PW�1 1 .  

m. D R I V E  ENABLE LR  and RR Swi tches - P\:M 2 .  

n .  + 1 5  VDC Svl i tch - P R i t� .  

0 .  

p .  

STEERING FORWARD Swi tch - BUS A .  

STEERING  REAR Swi tch - BUS D.  ,�:!:�:�!!:·:���:�:) 
The hand contro l l e r  shou l d  be � n  park  br�ke pos i t i o n  
ar.d the dri ve enab l e  swi tches mus t � e  s e t  to an  act i ve 
P�M p ri o r  to sett i ng any d r i ve power s � i tch to an ener
gi zed bus . If  the dri ve power s� i tc h  is  t�rned on and  

-- ----- -�·- -

Nav gyro i s  a l l owed to warm up  
and s ta b i l i ze duri n g  p2yl oad 
l oa d i n g .  

Forward s teeri ng operates from 
Batte ry N o .  1 . 

Rear s te e r i n g  ope rates from 
Battery No . 2 .  

The P\�r� s e 1 ect s vii tch dete r
mi nes wh i ch PWM i s  acti ve . 
Thr: h and control l e r'Wcs veri 
f ied  i n  park brake pos i ti o� i n  
s tep 2 . 2 . ac .  

- ------- - --- - - - - � - - --
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I STA/ STEP P F. j C E:.JURE 

I 2
. 4 

( Cont i nued )  
CAUT I ON (Cont i nue d )  

the correspond i ng dri ve enab l e  swi tch i s  not se l ected 
to an act i ve P!M·l , then fu l l  power wi l l  be appl i ed to 
the correspond i ng dri ve mo tor when the hand  contro l l e r  
i s  re l easee fror.' brake pos i t i on .  Shou l d  th i s  cor.d i ti o n  
occur the nand con t ro l l e r  shou l d  b e  i mmed i ately retu rr.ed 
to park brake pos i t i on . 

q .  DRIVE POWER L F  Swi tch - BUS A .  

r .  

s . 

t .  

I u .  

I v .  

I w .  

X .  I 

I y . 

z .  
! 

DRIVE POWER RF Swi tch - BUS A .  

DR IVE POWER L R  Swi tch - BUS D .  

DRIVE POWER R R  Swi tch - BUS D .  

Dri ve L R V  t o  l evel are .  {�  6 °  p i tch ) near the L M .  

Dep l oy SUN SHADOW GE V I CE ( S SD ) . 

Depl oy Veh i c l e  Atti tude I nd i c ator to  read ro l l .  

Park down sun ( w i th i n + 3° per SSD )  and l evel ( vd th i n  + 6 °  rol l) and 
set  brake . 

-

Report s un sha�ow dev i ce read i ngs and LRV p i tch and rol l anql es . 

Fo l d  ( o r  rese t )  Sun Sha dow Dev i c e  (SSD) . 

REt'ARV.S 

The PWM s e l e c t  swi tch was veri 
f i ed i n  " BOTH " pos i t i on i n  s tep 
2 . 2 . b . 
The d r i ve enab l e  swi tches were 
s e t  to ac t i ve PWM pos i t i ons i n  
s teps 2 . 4 . 1  and 2 . 4 . m .  

Fron t wheel s  ope rate from 
Battery No . 1 .  

I Rea r whe e l s  ope ra te f rom 
Batte ry tlo . 2 .  

Res e t  SSO  to p revent i t  fro� 
obs truct i ng d r i vers access to 
system reset swi tch . 

\ 
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STA/S H.P  F ;:.  �C cuU F E  

2 . 4  ( Con t i nue � .  

a a .  Fo l d  Veh i c l e  A t c i tude l nd � ca tor t o  dri ve pos i t i o n  ( p i tch read 
pos i t i on ) . 

a l . P u l l  system rese·. s;:i tch from detent move momen tari l y  to reset  
pos i t i o n  and return to  o f f .  

a c .  Veri fy BEAR I N G ,  D I S7Afl C E . RANGE I nd i ca tors - ZE RO .  

ad .  Rece i ve ca l cu l ated he a di n s  from MCC .  

[:�:�:�:�:·:�:::J 
Cont i nuous tc.rqui  ng of  nav gyro sha  1 1  not 
exceed 2 mi n utes o f  any 7 �i nute period . 

ae . Pul l GYRO TORQ U I NG Swi tch from detent and  operate to LEFT or 
R I GHT for proper head i n g  i nd i ca t i on , then OFF . 

a f .  Report batter.: 1 end 2 Am!= -Hrs . 

a g .  Report battery and dri ve motor tempera tures . 

a h .  Report  ba t.tery curre n t  v1h i 1 e  veh i c l e  i s  i n  r;o t i on one t i �r.e 
between s tops . 

REf!J,P.r' S  

Torque L E FT causes  heading  
i n d i ca t i on to move CCW . Torque 
RI GHT causes head i n g  i nd i c a t i on 
to move CW . 

----
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STA/ STEP PROCEDU RE 

2 . 5  LR\' co : ;FIGURAT IOI! FOR SCI  EI;CE STOP 

a .  Stop L RV a n d  set  hand contro l l er i n  park i n g  brake pos i t i on ;  
Neutral  thrott l e .  

b .  Perforr LRV oa r t i a l  power down as fol l ows : 

DRI VE POWER Swi tches ( 4 )  - OFF .  
S� EER I NG Swi tches ( 2 )  - OFF . 

+ 15  v�c Switch - OFF . 

c .  Report BI:AP.I i;G , D I STANCE . 0ANGE , HEAD I NG ,  and BATTERY AI·1P-HOUR 
i nd i cati ons . 

d .  Crewman i n  ri ght �eat  rel ease and s tow seat  be l t  and egress  
vEh i c l e .  

e .  Crewman i n  l e ft seat rel ease and s tow seat  be l t  and egress 
veh i c l e .  

f .  A 1 i gn HGA . 

g .  LCRU mode Swi tch - FM/TV or TV RMT . 

h . Open LCRU t h e rm a l  bl a n k e t  per groun d reques t .  

- · · - - · ------

RE r:ARt.S 

s�e remarks fo r s tep 2 . 2 . ac .  

T V  RMT wi l l  provi de i mproved 
TV perfo rmance when the u: i s  
avai l ab l e  for voi ce rel ay .  
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STA/ S T [ P  � :  i C E JU P. E  

2 . 6  

I a .  

b .  

I c . 

I d . 

L � ·. :J ; , r- ; ;:; _ ;.; :- r 0· : P R ! U R  TO LEA\' 1 : - .J  S C I E: ICE STCJP 

Al i gn LGA .  

LCRU Mode Swi tch - PMl /WB . 

Board L RV l e f t  seat  and fas ten seatbel t .  

(�:�:�:!:·:��=) 
Do not grasp the 1 6  MM Data Acqui s i ti or camera 
s taff or l ow ga i n  a n tenna  s taff du r i n £  i ngress . 
The handho 1 a s  are des i gned for i ngre s s  by 
g �:� s p i ns the 'landhol d  hor i zontal and ver:: i c a l  
members bel o1� the pay l o a d  s t a ffs . 

Ve r i fy hand con t ro l l e r  i n  par k i ng brake and neutral throt t l e  
pos i t i on a n d  revers� i nh i b i t  swi tch i s  o n  ( pushed down ) . 

e .  Other crewman i ngress L RV r i g h t  seat  and fas ten seat be l t .  

c�:!:�:!:·:�J 
Do not gras� tne 1 6  MM Data Acqu i s i t i on camera 
staff  or l ow ga i n a n tenna s taff duri ng i ngress . 
The handho l ds are des i gned for i ngre s s  by 
g raspi n g  the handhol d hori zontal  and vert i c a l  
members bel ow tne pay l oad  s ta ffs . 

� I f .  Report Beari n g ,  D i s tance , Rang e ,  Headi ng , and Batte� Amp -Hour 
� i nd i c at i on s . 

g .  Upda te tlav System to corre c t  for d r i ft , i f  requi red by r•c c .  
·� -

9 I h . + 1 5  VDC Swi t ch - P R I � .  
I �  A 
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STA/STE? PROCEJU RE 

2 . 6  ( Conti nued)  

i .  STE E R I �G FORWARD Swi tch - BUS A .  

j .  STEERi rlG REAR Swi tch - BUS D .  

I k .  

1 1 . 
l m .  

n .  I 

,�:!:��!:�:���:!:) 
The hand con tro l l e r  shou l d  be i n  park brake pos i t ion  
and  the d ri ve enab le  swi tches mus t be set  to  an acti ve 
PWM pri o r  to sett i ng any d ri ve power swi tch to an ener
gi zed bus . I f  the d r i ve power swi tch i s  turned on and  
the corres pon d i ng �ri ve enab l e  swi t ch is  not  sel ected 
to an acti ve PWM , then ful l power wi l l  be appl i ed to 
the corres ponding  dr ive motor �hen the hand control l e r  
i s  rel eased from brake pos i t i on . Shoul d th i s  cond i t i on 
occur the hand con t ro l l e r  shou l d be i mmedi ately returned 
to park brake pos i t i o n .  

D R I V E  POWER L F  Swi tch - BUS A .  

D R I V E  POWER RF Swi tch - BUS A .  

D R I V E  POWE R LR Swi tch - BUS D .  

D R I V E  POWER R R  Swi tch - BUS D .  

� 
-..I 

-------- - - - -· - -

?.E · ·;..?.r:s 

The P\IJI·� s e l ect swi tch dete rmi nes 
wh i ch PWM i s  act i ve .  
The hand con t ro l l e r  was veri f ied  
set  in  p ark b rake pos i t i on i n  
s te p  2 . 6 . d .  
The PWM se lect  swi tch was veri 
fied i n  "BOTH " pos i t i on i n  step  
2 . 2 . b . 
The dri ve ena b l e  swi tches were 
set to act i ve PWM pos i t i ons i n  
s teps 2 . 2 .p and 2 . 2 .q .  

, 
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57A/ S T � ;  PF:•) C E D U P E  

2 . 7  

I a . 
b .  

' c .  

I d .  

I e . 

POST S O RT I E  CHE CKOUT 

Par� LRV cross sun from the r ight  i n  vi evl .:f L�i l'l i ndows. 

Hand con t ro l l e r  i n  park i ng brake pos i ti on ,  thrott l e  i n  neutral 
SET BRAKE . 

Reoort BE.AR I ::G , D I STANCE , and RAfiGE . 

Report BAT 1 and BAT 2 AMP-HR .  

Reocrt BAT 1 and BAT 2 VOLTS . 

f .  BATTERY Swi tch - AHPS . 

g .  Report battery and dri ve motor tempe ratures . 

h .  D R I VE POWER Swi t ches ( 4 )  - OF F  . 

i . S T E E R I N G  Swi t ches ( 2 )  - O F F . 

j .  + 1 5  1JC Swi tch - O F F _  

k .  Nav  Power C i rcui t Breaker - OPEiL 

1 .  BUS A ,  BliS B ,  BUS C ,  BUS D C i rcui t B reakers - OPEN . 

m .  C re1vman i n  ri ght seat rel ease  and s tow seat bel ts and egress  L RV .  

r. .  Crev1man i n  l e ft seat  re l ease and s to1·1 s eat bel ts and egress L RV .  

o . A 1 i 9'1 HGA. 

p .  LCRU �ode Swi tch - T V RMT . 

( 
c.u·;,Rr:s 

' F i gu re 5 -2 .  
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STA/ S T E P  P F. , _ � JU P E  

2 . 7  ( Conti nued) 

q .  Open L RV B a ttery ana S P u  Ous t Covers . 

r .  P r i o r  to L M  I ngre ss - Perform the fo l l owi ng : 

L C RU Power S w i tch - OFF . 
Adj us t L C RC Thermal B l a nkets pe r g round reque s t .  

( 

REt:ii R K S  
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STA/STE.P PFdCEDURE 

2 . 8  D I SPLAY P.[,',J I NG S EQL'Et lCE AN D TIME  I ilTERVALS 

a .  Repo rt the fo l l ow i ng ai s p l ays i n  the orde r shown at  the t i me 
i n te rva l s spec i f ied be l ow :  

DI SPLAY 

BEAR ING  
and RANGE 

AMP -HR and 
D I STANCE 

BATTERY ° F  

AMPS 

VOLTS x 1 / 2 

MOTOR ° F  

SPEED 

P I TCH and 
ROLL 

HEAD I til 

T I ME I N TERVAL 

At s t a rt of  sort i e  and each 1 5  
mi n utes o r  as requested by MCC . 

At start  o f  sort ie  and as requested 
by MCC . 

At s ta rt of sortie and as requested 
by t�CC .  

Steady s t a te a t  start o f  sort i e ,  
each 1 5  mi nutes when a t  constant 
spee d ,  when c l i mb i ng s teep obs tac les  
and when cl imbing  d i fferent s l opes . 

At s tart  of  sort i e  and as requested 
by MCC . 

When requested by MCC . 

When requested by MCC . 

Du ri ng Navi gation System i n i t i a l i 
zat ion  and update . 

Duri ng Nav i ga t i on System update 

;:, d:f1Rr.5 
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LS006-002-2H 
LUNAR ROV ING VEHI CLE 
OPERATI ONS HANDBOOK 

SECTI ON 3 

MALFUNCTION PROCEDURES 

3 . 0  I NTRODUCTION 

Mal funct i on procedures encompass  the recogni t i on ,  d i agnos i s ,  and corr�cti ve 
a ct i on for sys tem mal funct i ons . I n  mos t  cases , the crew i s  a l erted to cl 

mal function cond i t i on by Control and D i s p l ay Panel meters or i nd i cators . 
The crew wi l l  then l orate , correct ,  or i s ol a te the mal funct i on and determ i ne 
i ts effect on the schedu l ed mi s s i on .  I n  genera l , the procedurt!S cove r 
s i gni fi cant s i ng l e  fa i l ures . Double  unre l c ted fa i l ures are not covered to 
prevent procedures from becoming comp lex  and unmanageabl e .  Ma l functions  of  a 
minor nature not requi ri ng detai l ed procedures are cove red i n  Section 2 .  

The ma l function procedures are a rranged i n  l og i c fl ow d i a gram format and 
arranged by symptom rou t i ne .  
routi ne l og i c  f l ow d i agrams . 
col umns i s  as  fol l ows . 

3 .  l SYMPTOM COLUMN 

A three col umn format i s  used for symptom 
A descri pt i on and use of each of these 

The pr ima ry purpose of the symptom col umn i s  to a l l ow entry i nto the mal function 
procedures . Thi s  b l ock  exp l a i ns and qua l i fi es the s i tuation so  that the 
reader unders tands the symptom or cond i t ion  that exi sts . Al l symptoms are 
numbered i n  sequence starti ng wi th the number 1 .  

3 . 2  PROCEDURE COLUMN 

The procedure col umn presents a s tep-by-step l og i c  fl ow d i agram of acti ons 
and dec i s ions used to i sol ate or correct a ma l func t i on symptom . Thi s  
i n forma t i on i s  presented wi th several types of l og i c  blocks . These b l ocks  
conta i n  the p rocedures , dec i s i ons , and  acti ons to  l ocate and  i so l a te the 
fa i l u re .  Remote event symbol s a re used to reference i tems i n  the remarks 
col umn or to refer to other procedural s teps . 

3 . 3  REMARKS COLUMN 

Th i s  col umn wi l l  i nc l ude the fol l owi ng i nforma t i on : 

I Ampl i fy i ng addi ti onal remarks rel a ted to the symptom. 

I Amp l i fy i ng rema rks wh i ch rel a te to a dec i s i on and/or act i on 
i tems ( e . g . ,  why a s tep  i s  taken , e tc . )  

I Expl a i n  res u l tant system s tatus  or  operat i ona l capabi l i ty after a 
fa i l ure has been i denti f ied , i . e . , how subsys tem i s  degraded , can 
degraded subsys tem support pr ima ry m i s s i o n ,  ear ly  term i na t i on 
of mi s s i o n ,  etc . 

I Cau t i ons or warn i ngs , as  necess ary ,  to cover cond i t i o n s  that may 
ex i s t  because of a fa i l ure . 

M i s s i on J 
----- Bas i c  Date _1_2_14_1_7_0 

__ Change Date __ 4_1_1_9/_l_l __ Page 3 - l  



LS006-002-2H 
LUNAR ROV ING  VEHI CLE 

OPERATI ONS HANDBOOK 

MAL FUNCTION PROC[DURES 

C�UT I O N  �NO WARN I NG FLAG ACTUATES 

E I THER CATTE RY TEMP > 1 25°F  

ONE  DRIVE  MOTOR TEMP > 400 ° F  

AI3ti0R�1AL I MGALANCE B L  HIEE.N [jAT 1 AND BAT 2 
AMPS ( V EH I CL E  ACCELERATI ON NORMAL O R  LOW) 

FqONT ( REAR) WHEELS DO NOT RESPOND TO 
1 11\ND CONTROLLER STEER i tJG COMMANDS 

ONE OR MORE WtiE ELS DIH V E  WH I L E  I N  
Nl:UTRAL 

LOSS OF DR I V E  FROM O"E OR TWO � : EELS 
( COf"'MAN DED ACCELERATI ON A8NORJ�ALLY LOW)  

C(lMMAN DED VEH I CLE  SPEED ABNOf<MALLY  H I GH 
( SPEED  "OT VARI ABLE ON ONE OR  MORE WH EELS ) 

LOSS OF D H I V E  FROM ALL WHEELS 

BRA�E WILL NOT RELEASE 

LOSS OF VOl CE COMM W I TH MSFtl 

NO . PAGE 

3-3  

2 3 - 3  

3 3-4 

4 3-4 

5 3-5  

6 3-6 

7 3-7  

8 3 -8 

9 3-9 

1 0 3 - 1 0  

1 1  3 - 1 1  

Till3LE 3 - 1  MALFUNCT I ON PROCEDURES 

0 4/1 9/7 1 Page 3 -2 
Mi  5 5 ;  on J Bas ;  c Date 1 2/4/7 0  Change a te ___ _ 
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SYMPlOM 

CAUTION AND 
WARNING FLAG 
ACTUATES 

E !TilER BATTERY 
TEMP > 125"F 

SYHf'lOM 

tsoor. -no� -211 

LUNAR ROVING VEHICLE 
OrERAl IONS HANDBOOK 

PROClDURl 

W-1 � SYMI'TOM 

RESET C&ll f.- E I THER BATTERY � ��-- FLAG TEMP .lo12S•f? 2 3-3 

NO 

� SYMPTOM 

YES 
ANY MOTOR � 3 TEMP ) 400"F 3-4 

NO 

CD-� 
PRORABLE C&W 
SYSTLM MAL-
FUNCTION 

¢ � +,}FORM MCC OF � 
VOLTS/ AMPS � A/oiP-IIOUR RlAO- A': NEXT STOP : 

f-.... NORMAL? INGS AND REMOVE rL ORIENT LRV CROSS 

LOADS FROM SUN FROM RI GHT 

AFFECTED BATTERY rAt SE BATTERY 
COVERS , POWER 

NO <p DOWN LRV EXCEPT 

' FOR NAV SYSTEM. 
HON !TOR BATTERY 

SYMPTUM .!1 TEMP. 

BATTERY TEMP q> 4 3-4 
INDICATES 
GRADUAL 
COOL DOWN? � 

NO r ns OATTE RY THERMAl. 
CArABILITY Ol-

� GRAIJ£0 

OPEN CKT BRKRS 

� AAC TftEN CLOSE 
THEM f 

CAW HAG � PRORA8Ll BATTERY 
Tl Hr �ENSOI! 

ACTUATE? FAILURE 

cp 
12-J YES � 
CONTINUE MISSION, I 
MONITOR A-H READ- I�ROBABL£ r NTERHAl 
IHGS. TRANSFER BATTERY SftORT ORI LOADS TO OTMER tONNECTOR SHORT 
BATTERY 

rRO!.lUURl 

TAnll J-2. MAUUNCIIUH LOGIC l lOW lli /IG�IIM 

Mt,s ton ---· '--- llastc 0•te l�/4/10 

REMAR�� 

0 
IF C&W FLAG CONTINUES 
TO ACTUATE OR WILL 
NOT RESET, LEAVE FLAG 
UP AND IGNORE I T .  

0 All C K T  BREAKERS 

SHOULD 
REMAIN CLOSED. 

BATTERY COVERS WILL 
AUTOMAT ICALLY CLOSE 
WHEN PROPER TEMP 
LEVELS ARE REACHED 

0 
COOLOOWN RATE I N  

ACCORDANCE W I T H  

APPENDIX A .  

0 
BIITIERY MAY Bl 

IIT I L I Z E O  Wft[N 

TEMPERATURE PERMIT� 

0 
O I SR(GARil TLMPl RATIJR( 

I NDICATION. 

HON I TOR A-11, 

VOLTS/AMPS . 

CD 
O£ GRAOEO MISSION. 

RlM/IRK', 



3 
SYMPlOM 

()IE DR I Vl I<ITOR � TEMP >4DO"F 

4 

ARNORMAL I HGAl· 
ANCE OETWHN 
OAT I AND BAT 2 � AMP� 
(VLIIICLL ACCll· 
£RATION NORMAL 
OR LOW) 

. 

SYMPTOM 

YroP VEHICLE 
., FOR AFFECTED 

WHEEL:  
• ORI VE PWR OFF 
• &

W
E ENABLE 

cp �E AT A TIME:  
DRIVE POWER 

� SWI TCHES ( 4 )  OFF,  
THEN ORIGINAL 
POS ITION 

NIP� Rl TURN 
TO NORMAl Willi 
ANY ORIVL POWt:R 
SW! Tc:ll OH7 

NO 

cp �� RIVE ENABLE 
SWITCHES ( 4 )  
P WH  1 

AMPS NORMAL 7 

NO 

cp 7 I r-0111 VI LNAAU 
SIIITCIII � ( 4 )  . 
I'll': 7 
/IMP� NORMAL 7 

10  

L:'fltlfi ·flO� :'II 
LUNAR ROVING VliiiCLl 
OPI R/1 T I ON� 111\NiliiOOK 

PROCEDURE 

cp � 
DECOUPLE AFFECTED 

lJ 
� I<ITOR TEMP WHEEL , RESUME - INDICATE GRADUAL SORTIE COOLOOWN7 

cp 110 I �mcp 
s 4 

I<ITOR TEMP ... I<ITOR THERI1AL 
CAPAB I L I TY DE-SENSOR FAILURE GRADED 

z 

SHORT IN DRIVE 
I<ITOR OR DRIVE 
PWR CIRCUITRY 

ns ' 
4rlrlCHO WIIUL : 

JRI V£ �WR SW (Iff 
DRIVE ENABLE SW orr 
0£COUPU WHEEL 

5 

P.,. Z FAILURE 
YES 

t � 
P.,. SELECT 
SWITCH • PWH 1 

II 

PWH I FAILURE 
YfS 

l !.J 
PWH SCLECT 
sw . r.,. 2 

PROCEDURE 

1A8Ll 3-Z. MALF�ICTION LOGIC fLOW D I AGRAM (CONTINUED) 
Htss Ion J DIS l c  Ott� 1 Z/4/70 Chang� DH� 4/19/71 

REMARK� 

�RIVE AND BRAKING IN 
ACCORDANCE WITH 
APPENDIX A. IF WHEEL 
I S  R . R . , SPEED METER 
WILL NOT FUNCTION. 

K!?F REQU I R E D ,  WHEEL 
CAN BE RECOUPLED 
WHEN TEMP. PERMITS. 

CD 
WHEEL CAN B E  
RECOUPLED A T  CREW 
OPTION. TEMP 
INDICATION SHOULD 
BE D I SREGARDED. 

0 
I F  ABNORMAL CONOITIOII 
EXISTS ONLY WHEN LRV 
IS IN MOT ION, THIS 
STEP MUST BE 
PERFORMED WITH LRV 
I N  I<ITION 

CD DO NOT ALLOW ORIV( 
(HAUL[ SWITCII TO 
R(MAIN I N  "OFF" 
POSITION WHIU 
SWITCHING. 
OR FULL POW[ R 
TO AFFECTED MOTOR 
WILL RESULT. 

REMARKS 

Pag� � 



SYMPT� 

4 I WNT I �UEO) 

5 

fRONll REAR !WHEELS 
DO HOT RESPOND TO 
IIAIID CONTROLLER � 
STEERING COMMANDS 

\YMriOf'4 
-

T � OR PWP SW (4)  • 

AL TERIIATE 
POSITION 

AMPS NORHAL 7 

LSOOfi-0"7-ll; 
LUNAR ROVING VEIIICLE 
OP£RATIONS HANDBOOK 

PROC£0URl 

YES 

NO 

� 
OPEN I N  DRIVE 
MOTOR POWER 
CIRCUITRY FOR 
ONE BUS 

I I  

PROBABLE OPEN 
IN  DRIVE !()TOR 
POWER C I RCUITRY 

l �� rwR sw ( 4 )  • � � Cff , lllfN IJACK 

.. 

AfFECTED Ill EEL : CONTINUE MISSION 
- CRIVE PWR SW - f'()N IT  OR AI'P -HOUR 

OH READINGS . 
- DRIVE ENABLE SW R(CONfiGURE fOR 

- OFF BATIERY LOAD 
- DECOUPLE WHEEL SHARING AS 

REQUIRED 

t YlS 

2..1 
FORWAROIREARI 
STEERING SWITCH - YES 
ALTERNATE 
POSITION 

00 FRONT (REAR) 
ltiHLS RESPOND 
TO HAND 
CONTROLLER? NO 

rHOCLIJIIHL 

NO t--
J 

TO ORIGINAL 
POSI T  I ON ONE AT 
A TIME TO 
I SOLA T E MOTOR 
NOT DRAWING AMPS 

FIIILED MOTOR 
ISOLATED? 

� 
OSS OF FORWARD 

(P.EAR) REDUNDANT 
STEERING CIRCUIT 

.. . 

� 
FI'RWARO (REAR) 
SHERJNG I NOP 

j_g> � 
FORWARD (REAR) 
STEERING SWITCH -
OFF 
- DECOUPLE FWD 

(REAR) STEERING 
- CENTER � lOCK 

FWD IREAR) 
WHEELS 

l AALE )·?,  "MfiiHCTIOH LOGIC now OI I,GRAM ( Clllii i Niil ll l  
,1  11����  D�te 12/4170 thAnge lldte 4£1 9171 

REMARKS 

KD 
TO REDUCE REQUIRED 
FORC E ,  STRAIGHTEN 
WIIHLS BY PUS It! NG ON 
WIILEL WITII SMALLER 
TURNING ANGLE, ( I . E .  
I F  �!EELS ARE TURNED 
TO RJC�T . PUSH ON LEFT 
IIHHL TO S T RA I GltT l N ) .  
- HAND TOOL PRY 

fORCl WIY BE 
REQU IRED 

• �IMULTANEOUS PULL 
FORCE MAY BE 
REQU IRED ON 
DECOUPLING RING 

DEGRADED OPERATJOfl -
STEERJUG RADIUS IN-
CUE  AS  ED I N  ACCORDANCE 
WITH APPEND I X A 

RLMI\HK', 



6 

�YMPTOI' 

� ONE ilP fiORE 
STOP LRV . OR I VE 

L�006 -0112 -21t 

LUNAR ROVING VEHICLE 
OPERATIONS HANDBOOK 

PROCEDURE 

� � PW11 � OUTPU: 
WHEELS OR I VE 
WHIL[ I N  1-- triABLE SW ( 4) - C I RCUITRY O R  

P lot1  1 DR! VE EIIABL[ 
NEUTRAL YES SliiTCH 'AlLURE 

:RACTIOH DRIVE 
HDRI'AL? 

NO 

�R I VE ENABLE k0 ·� 
PIIM I OUtPUT 

SW ( 4) - P\11 i C I RCIII Tn OR 

TRACTION DRIVE 
YES OR: Vl WAilll 

SI:ITCII FAILIIR( 
NORMAl? ....__ 

NO 

� 
DRIVE PWR SW (4)-
OFF , THEN BACK T( 
ORIGINAL POSITIOP 
ONE AT A TIME TO 
I SOL ATE ABNORMAL 
WHEEL 6 

YES 
ORI V£ CONTROL 
ELECTRONICS 

ONLY ONE WHEI L Fill LURE 
AFFECTED? 

NO t 
CD-�Fl CTl D IIHll L :  � - DRIVE PWR ��� -

orr 

OPERAH LRV BY • DR I Vl [NARL ( �� 
N[ LE"� I HG BRAKE - Orl 

HOMLNTARI lY TO • Ul COUPLE Wlllll 

IIEU�RAI TO OOTAII 

SPE£1! I·ND THEN 
RllURN IT TO 
BR/J([ I H A CYCLI ( 
HANNER 

SYHrlUM PROCL UIIHI 

lf18l l l-2.  MALrUNC T I Drl LOGIC I'LOW DI AGRAM ( W N I I NU I  U )  

Mission J B•slc OH� 4/19/71 Ch•ng� Dolt 12/4/70 

REMAR�� 

0 N Ntll Alli'W 111;1 \'l  
ENAnLf $111 101 Ill 
REMA I N  IN lll I 
POS I T I ON Wll l l l  

SWITCHING, O R  Full 
POWER TO AFFECTED 
MOTOR WILl RESULT 

� IF OlCOUPLEO WHEEL 
IS RR, SPEE� MlTlR 
WILL NOT Ful\tTION 

OR! vr AIW BRA� lNG 
IN ACCvRDAHCE W IH  

APPENDIX A 

Rl MAHK:, 



SYMPT()1 

I 

LOSS Of DRIVE 
fR0!'1 ONL OR lWO 
WH(ELS ( COMMANDED ,... ... 
ACCELERIITION 
ABNORMALLY LOW) 

SYMPTOI' 

� 
AffECHD WHEELS : 
Dill VE ENABLE SW 

• ALTERNATE 
POSITION 

WH([l DRIVE 
OPERABLE? lNO 

�FECTED WHEEL ( S  
DRIVE POWER S W  • 
Al TE RNAT£ 
POSITION 

Wltf [l DRIVE 
OPERABl £7 

LS006 -002 ·2f, 

LUNAR ROVING VEHICLE 
OPERATIONS HANDBOOK 

PROCEDURE 

t--<D 

YES 

vrs 

NO 

PROCEDURE 

2 

rwr� CIRCUITRY 
OR D•II"£ EN/.BLE 
SWITCH FAI LIJR£ 

4 

ORIVE PWR 
CIRCUITRY 
FA! LURE 

� 
ORI VE SYSTEM FOR 
AfFECTED WltEEL 
INOP 

J cp  � 
Aff(CHD WtiH L :  
DRIVE POWER OFF 
DRIVE ENABLE OFF 
DECOUPLE WHHl 

TABLL 3-2. MALFUNCTION LOGIC fLOW DI AGRAM (CONTINULO) 

Miss ion !l d s i c  Oat� 4{19/71 Change Date IZ/4{70 -----

REMARKS 

CD 
DO NOT AllOW DRIVE 
ENABLE SWITCII TO 
REMAIN IN OFF 
POS IT ION WHILE 
SWilCHING OR FULL 
POWEP. TO AffECTED 
MOTOR WILl RESUlT 

0 
I F  DE COUP LEO WHEEL IS 
RR, SPLED INDI CATOR 

Will NOT FUNCTION 

ORIVE AND BRAKING I N  
ACCORDANCE W I  lH 
APPENDIX A 

Rlt'IAR�S 

Page � 



5 ... � 7CI" 

8 
CO�ANDEO 
VEH I C LE SPE ED 
ABNORMALLY HIGH �( C P LRV. 

ENABL l  SW 

S?_ 
DRIVE 

( 4) -

v;oc6 -002-2H 
LUNAR ROVING VEHICLE 
OPERATIO�S HANDBOOK 

rROC£D�R£ 

(SPHD NOT r- PIJ-1 1 
VARIABlE ON ONE 
0:1 MORE WHEELS) 2 

PWI� 2 C I RCUITRY 
YfS Ok OR I VE ENABLE 

TRACT I ON ORI VE SWITCH FA!LURE 
NORMI\L 7 lNO _2 

J..l 4 
OII I V L  LNA�Ll 

PIJ-1 : C I RCUITRY sw ( 4 )  - 1'1-1'1 2 OR DRIVl ENABLE 

TRACTION DRIVE YCS St!ITCH FAILURE 

NORMAL? 

NO 

�-DRIVE PWR SW (4)-
OF F ,  THEN BACK TO 
ORIGINAL POSITION 
ONE AT A l i ME TO 
ISOLATE ABNORMAL 6 WHEEL 

DRIVE CONTROL 

YES 
ELECTRON I C S  
FAI LURE 

ONLY ONE WIIEEL 
AFFI.CT£07 

_l CD 
NO �FECTEO WHE EL : �lRATl LRV BY 

• DRI VE PWR SW • 
OFF 

_ ORJV£ ENABL E S� ACTUATING Tl E • OH 
llANO CONTROLLER 

- OECOUPLl WHEEL THROTTLE 
I'OMlNTAR I L Y  TO 
FORWMD TO 
OBTAIN SPEED AND 
THEN RETURN I T  
Tlt NEUTRAl OR 
BRAKE ltl A 
CY Cll C MANNE R 

WMPTOI' PROCLOURE 
TABLE 3-2. MAL FUNCT ION LOGIC FLOW OI AC.RAM (CONTINUED) 

Miss  ton J Ba s i c  Uate 12/4/70 Change Oatr 4/!9/71 

�[I'��'� 

CD 
[)tl NOT ALLOW ORI VE 
ENABLE SWITCH TO 
REMAIN I N  OFF 
PUSITION WHILE 
SWI TCHI N G ,  OR FULL 
POWER TO AFFECTED 
MCTOR W I L L  RESULT 

UUT ION SHOULD 
RE 1 At:Eit S INC( 
VEIII !:U MAY TlND 
TO ACCI LERATf TO 
MAX SPLED I l 
Sl UCT£0 PWM I S  
DEFECT! V E  

CD 
IF DE COUPLEO WHEEL 
IS RR, S P E E D  M E H R  

WILL NOT FUNCT !ON 

DRIVE AND BRAKING I N 
ACCORDANC£ WITH 
AI'P£NOI X A 

RLMARKS 



SYMPTOM 

9 

IU + 1 S VOC SW -

L SOOl; -007. -2H 
LUNAR ROVING VEHICLE 
OPERATIONS HANDBOOK 

PROCEDURE 

12 I • I-' 1 S  VDC 

= 

l OSS (lf DR 1 y E .... -f--A-L_TE_R_N_A T
-

l
-

P u
_

s� 
FROM All ltlcELS ,- YES 

C 1 RCU !TRY 
1 1\lLIIRE 

qMPIO"' 

M 1 s s i on 

TRACTION ORIV[ 
OPERABLE? 

�R I VI l NAUL E I ljY"i\ 
SW ( � )  - P\ott 2 � 
PHM SELECT SW -
PIIM 2 
! I S  VI'C 
CKT BRKR - BOTH �RT I N  PWfol 1 

IRCUITRY LOADING CLOSED �;;cfiCiNjj"RiV£1-----..:.Y:;Es�----1115 V P W R  SUPPLY I f RACTI ON DR I VE 
OPERABLE? 

�R I VE E NABLE 
SW ( 4 )  - Pll-1 I 

PWfol SlLlCT SW -
PWM I 

+ I S  VDC 

Ct. T ORI.R - ROT II 
CLOSI !l 

� �HORI IN Plf1 2 
C I RCU I H' Y lOAD I N( 1----------115 V P W R  SUPPLY 

� I SHORT IN DRIVE 
CONTROL ---�I E L E CTR(lNICS 

L(lAOING I S  V PWR 
SUPPLY ·-� irlrECTEO 1.\iE E L :  
DRIVE PWR SW -

OFF 
DRIVE ENABLE SW -

orr 

DECOUPLE WHHL 

P2J I 
SIIORT IN S T E L R I N G  ----o4c i RCU ITRY LOAOING � s v PWR SIIPPL y I 

PROCEDURE 

� AFFECTED STlERING 
NlWl� SW - Off - DECOUPLI 

AFFECHD 
SHERINC. 

- CENTER & LOCK 
WliE I L S  

TAbU 3 - 2 .  MALFUNCTION LOGIC FLOW DI AGRAM (CONTINUED) 

· '  Ba s i c  Date 12/4/70 Ch�nge Uate 4/19/71 

REMARKS 

CD 
011 N01 ALLOW DR 1 Vl 
fNABLl SWITCII TO 

REMAIN IN OFf POS i l i OII 

WHILl SWITCHING,  OR 

FULL POWER TO AFFECTED 
�TOR WILL RESULT 

KUacEED To NEXT sTEP 

IF E I THER CKT BRKR 

WILL NOT REMAIN CLOSED 

CD 
STEERING DEGRADED P E R  
APPEND! X A.  

REMARKS 

Page � 



SYMPTI)ol 

1 0  

BRAKE W I L L  
NOT RELEASE 

�vMrln,.. 

M1 c-,s i n n  

L S006 -002 -2H 
LUNAR ROVING VEHICLE 
OPERATIONS HANDBOOK 

PROCEDURE 

PROClDURE 

1 

BINDI�G. JAMMING 
OR OTHER 
MECHANISM 
FAILURE 

cp_ �FECTED WHE E L :  I • DRIVE PWR OFF 
- DRIVE ENABLE O F F  

I• DECOUPLE WHEEL I 

TI.Ol l 3-2.  HALFIINCTIOH LOG I C FLOW DIAGRAM (CONTI NliEO) 

,J ��� � i c  ll' t �  12/4/70 Change Uate 4/19/71 

REMARKS 

CD 
DRIVE AND BRAKING 
lM ACCORDANCE 
WITH APPEND! X A 

I F  AFFECTED WHEEL 
IS  RP., �PHu 
METER WILL NOT 
FUNCTION 

REMARKS 

Page 3 - l (l  



�n-lrTOM 

I I  

LOSS Of YO I rL 
CO,.,. Willi  MSfN 

' Y M P I OP' 

I-Ll 
�--� RlPOJ NT ANTENNA 

COMM OK? 

NO 

� 
I� AC.C Rl �lliNG 
)? l OR LGA OR 
7 2.� fOR IIC.A? 

YES 

flO 

· -

LSOO�-M"?-7H 

LUNAR ROVING VEHICLE 
OPE RAT I OilS HAIIOBOOK 

PROClDURl 

:ART II NOT WI TH J YrS t-- 1\NTJ IINI\ COVERAG� 
Q) 41 

� � I I  fCT Ill TrRNI\T( 
MODL 
MGO! - PM 1 /WB OR 
fM/TV 
PIJ I NT SEL ECTE D 
ANTENNA 

C�H OK? 

CV t  7 
S -BAND ANTENNA 
OR OJ PL£XER 
fAILURE 

0 

� 
� 

Yl S 0 1 0  1'\\fN 

f- PRl V I  OU\l '' 
II/IV[ GOOD 
DOWN L I N K ?  

NO lm Q) � 
S-BAIIO RECEIVER 
FA I LURE 

� 9 
LRV AU X CO 1 o'� or 16.R Yl� 
- tLOSE,POWER SW 1-- VOLT 01\Tl(RY 

L X I  POWfR 

((IMM I lK? 

NO t � I � PRO RAT Ll 
,VOLT Ar.l RCr.uLAlOR REPLAC£ MENT rl l iJRE 1 BATHRY MAY RE-

SlORE OPERATION 

CD t � =if- � I USING L GA � IS POWER READING � MGDE - PMI/NB ,OOWIIL I N K S I GN Al 
>I ?  I f  USING HGA PROCESSOR fAILURE 

I'(')D£ - PK2/NB I I CftMM OK? 

NO cp NO l cp cv -
I .!!!I � ,0 

S(LI CT 1\llERHATl r> -f>IINO X�R II� 
LCRII Cll • CLOSE �'()Ill - PHI/NO YL� - O Ar.!' RI.VP Alllll( 

llR I M/ TV ,-r u TPIIl f i\ I L URL 

�) I'OINl SLL[CTI O 

COMM OK? 1\NHNNA 

HS C01111 OK7 
�· NO � 

�MlNTARY .'R V 
OVERLOAil �Oil A� 

VIII LQUJP. OR 
UPI INK S JG. 
rROCESSOR fAI LUR� 

zu 

PROCEUURL 

!f. OLE J-2. MAL flJNCT I 01< LOGIC FLOW 01 AGRAM ( CONT I HUED) 

REMARKS 

KD ' UA<JI NG OF Sf.I'PLES 
MAY MOVE LRV SO AS 
TO REQUI R E  REPOINT 
lNG If USING HGA. 

bAlLCW A MINIMUM Of 
JO SEC. fOR HSFN 
RESPONSE OEI ORE 
f.ONT I NUl NG. KD I f  Til( fi\ ILURI I S  

I N  Til[ PR I MARY 
SV STEH (XMTR P\111 l i  

RCVR 1 ) ,  I N -MOT !Oil 
COMM MAY 0[ 
nESlORI 0 8Y 
R[V(RSINf. llll I G/1 
AND IIC./1 Rf 
CONNECTORS, 
POINTING Til[ LGA, 

AND SCLECT- lNG - -
I"'fll • Pl/11 2/NB. 

� r r  THE fA I LURE I S  
THE H GA ,  TV I'AY B l  

AVAILABLE TO < J G  
F I .  MSfN STATION 
(ONLY) BY REVER-

S I NG THE LGA AND 
HGA Rl CONIIECTORS, 
PO 111; I NG THE LGA, 
AND SELECTING --
MODE - fM/TV 

ti> T I I I S  Vf'LTAGE CANNOT 

BE READ BY HSfH OR 
CREWMAN. 

�UPL INK rAY S T I LL Bl 
fUNCT I ONI,L . 

RlMARKS 
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�YMPTOM 

1 1  (CONTitMO) 
-

\YMPIOI' 

T rEf 
NO 

L S1lOo• .(11 ·� .:1:  
LUNAR ROVING Yllt lCLE 

ortRAT IOrfS II�ND�OO� 

PROCEDURE 

� Sl LECT ALTERNATE 
D I D  CD R[''� I N  f-- 1'{)0[ - ,._,Ol Pl11/ 
CLOS�O' liE 01: r:v;v 

LCRll cr. • CLOS[ 

0 1 0  CD RE�IN 
NO 

CLOSLO? 
-

Y(S 
Y[Sl cp 

E 
rr.ur; SL�cC1L!l 
NITt Ntl� 

rrs 
COMM OK? f--�NO 

� 
PRORADLl Of,MAt.E 
T (l I tlOf. �W!TCII 

- -· � �PRC:R� 
LRV AIIX rr. t ll RIJ 28 VOLT 

• (l(l�l 
W I R ING OPEN 

I'!JWlR :.II · £ :o l C . RCU I T  
CI)MM OK? 

Y[S 

� � R(P LAC£ ME NT 
i.OSS Of 28 VOLT f-- RATTCRY 
BATTERY POW(R MM RE�TOI<( 

<WI PATI •!N 

PHOCLOURE 

cp 
Z2 

SHORT I N  2R 
VOLT C I R C C I T  

� 
S -BAND XMTR 
SHORHD 

IARLE 3-2 Mt.L FUIICTION L O G I C  FLOW DIAGRAM (CONITNUCO) 

REMARKS 

REMARKS 

J 0H 1 C  OHe 12/4/70 Change Uate 4/19/71 Page � 
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LS006 -002-2H 
LUNAR ROV I �G VEH ICLE  
OPERATI ONS  HANDBOOK 

SLCT I ON 4 

AUX I L I ARY EQUI PMENT 

I NTRODUCTION 

Th i s  sect ion  conta i n s  the LRV and lG Trai ner auxi l i a ry eq ui pment whi ch i ncl udes 
provi s i o ns for transporti ng  mi s ce l l aneous equ i pment for s upport o f  l unar act
i v i ti es i nc l udi ng experiments , communi cati ons and photog rap h .  

4 .  l FORWARD CHASS I S  PAYLOAO PROV I S I ONS 

The forward chas s i s  conta i ns the equ i pment nece s s a ry �o transport the LCR.U , 
the h i gh ga i n  an1:enna , and the ground con tro l l e d  tel evi s i nn camera as semb l y  
( GCTA ) . 

4 .  l .  l Luna r Commu n i c a ti ons Re l ay Un i t  ( LC RU )  

The LCRU i s  mounted i n  the two i nboard receptacl es on the forward cha s s i s  
for11nrd frnme member as  shown i n  f i gu re 4- 1 . To conse rve c rew t i me on the l un a r  
s u rface , the two LCRU support posts

-
a re i ns t a l l ed i n  these receptac les  a t  KSC 

b e f n re s e c u r i n g  the L RV i n  the LM . I n  add i t i o n , the LRV/LCRU power cab le  i s  
a l so connec ted to the LRV auxi l i a ry connector befo re l aunch . The LCRU s upport 
pos ts a n d  LRV/LCRU power cab le  are s towed on the LRV as shown i n  fi gure 4 - 2 .  

4 .  1 . 2 H i gh Gai n Ahtenna and GCTA 

T h e  h i g h  g n i n  antenna i s  secured to the l e ft  outboa rd recepta c l e  on the forward 
chas s i s  forward frame member ( f i gu re 4 - 1 ) .  Th i s  receptac l e  i s  i de n t i c a l  to the 
one on the ri ght  outboard s i de for the GCTA . 

Provi s i ons for sec u r i ng the LCRU l ow ga i n  antenna coax cab l e  to the LRV a re shown 
on f i gure 4 - 3 .  

4 . 2  CENHR CII/\SS I S  PAYLOAD PROV I S IONS 

Tilt �  cetl lt't' c i ht s s i s  h,1s 1Jro v i s i ons to ca rry auxi l i a ry equi pment on  the i nLoa rd 
h,uu.Jhn l d s , l lnde1· Lhe crew seats  ilntl on the chas s i s  f l oo r .  

4 .  ( . I l nboa rtl Handho l d  Pay loatl  Receptac l e 

l he  i 11 boa rd 1 1 ,1 ntlho 1 us a re provi ded wi th receptac 1 es for s uppo r t i n g  the 1 L nu11 
Ua tn Acqui s i t i on Camera and l ow g a i n  antenna a s  shown i n  f i gure 4-4 .  

4 .  2 . 2 Under-Sea t S towage 

One col l a ps i b l e  s towage bag i s  prov i ded under each s eat for trans porti ng mi s ce l 
l a neous pay l oad i tems . These bags are i ns t al l ed on the LRV before l aunch . 

,v,l � � 1 un ___ J __ _ Ga s i c  Date __ 1 2_1_4_1_7o 
__ Chanqe Date 4 / 1 9/ 7 1 J,,ge 4 - l  ___;.:...;..;;.:�---
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F I GURE 4 - l . LCRU , H I GH GAIN ANTENNA, TV CAMERA WSTALLATI ON 

,v1 1 :, •, l un ___ ,J __ 1 : . � � i c Uo t e 1 2/4/ 70 Cndnqc Date _ __;,;4/�1..:..9�/ 7-l 
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LUNAR ROV I �G VEH I CL E  
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GCTA POWER CONNECTOR 

CAGLE T I E -DOWN STRAPS 

LCRU/TV/LRV CABLE 

F I GURE 4 -2 .  LCRU/TV/LRV CABLE STOWAGE 

L RV AUX I L I ARY CONNLC l UH/ 
LCRU CAI.lLE POWER CONNLt f (m 
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--- ----------------- ---

VELCRO LOOP ON LRV 

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

--- LOW GAI N  ANTENNA 

CAGLE CL I P  ON LRV 
( PRESS CAGLE I NTO 
CL IP  2PLACES )  

ANTENNA CAGLE 
CONNECT! ON TO · 

LCRU 

F I GUHE 4 - 3  LCRU LOW GAI N ANTENNA CABLE 
I NSTALLATI ON ON LUNAR SURFACE. 

---- --- ----- ---- - -· 
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TO ROTATE AZ i r-1UTit S!:.TT I NG ,  
GRASP HANDLE , PUSH DOWN 
TO UNLOC K ,  TURN TO DES I RED  
S !:.TTING AND RELEAS E .  STAFF 
LOCKS IN LAST POS IT ION . 

o"il � S i on J 
-----
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16 MM DATA ACQU I S I T I ON 
CAMERA 

PUSH BUTTON TO 
RELEASE AND/OR 
REMOVE STAFF 
FROM HANDHOLD 

F IGURE 4 -4 . lb MM DAC AND LOW GAIN 
ANTENNA INSTALLATI ON 

Bas i c  Date l 2/4/70 Change Date __ 4.,:./_1 9.;..:/_7_l ___ ?uge 4 -5 
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( Cc:m t i n11ed ) 
l l ie llvo b,l�JS a re i d Pi l t i c,l l diH.l ilre o f  the con f i y u ru L i on s hovm i n  f i gu re 4 -b . 
l l 1c f o rw<� rd end o f  cilcll  bau i s  s e c u red to the s e a t  s u pport frame . The b a g s  
a re a u to ma t i c a l l y  e rected to the u s e a b l e  po s i t i on when t h e  s e a t  s upport fran1es 
a re r a i sed d ur i ng L kV ac t i v a t i on . The a f t  ends o f  the bags are h e l d i n  p l a ce 
bv s p r i ngs a t tached to the re a r  member o f  the c e n t e r  c h as s i s  a n d  by <� t t a r.hrrer.t. 
to cross mt:mt·er on the s e il t  b a c k .  
Du r i ng o p e ra t i on s , a c c e s s  t o  t h e  s towage b a g s  i s  gil i ned b y  ra i s i ng the s e a t  o f f  
t h e  s e a t  s upport wh i c h exposes t h e  e n t i re b a g  a n d  c o n te n ts . 

4 .  2 .  3 F l oo r  P ay l o a d  S towage 

�lhen o n l y  one a s t ro n a u t  i s  opera t i n g the LRV , the a re a  n o rma l l y  used by the 
s e c o n d  c rewman may be used for pay l oa d  s towage . Th i s  i s  accomp l i s h e d  by p l a c i n g 
the sec1t  i n  the o p e ra t i on il l  s t owilge p os i t i o n  s hown i n  f i g u re 4 -6 . The s e a t  i s  
s e c u red i n  th e s towed pos i t i on by ve l c ro s t raps . 

NOTE : The under s e a t  s towage b a g  m u s t  be removed to u s e  the f l o o r  a re a  a s  a 
s toh•age a rea . 

4 . 2 . 4  B a c k - o f - S e a t  rily l oa d  S towage 

The fluddy S L S S  umbi l i ca l  i s  c a rr i ed i n  a b a g  a t ta c hed to the back of the L I{V 
r i gh t  s ea t .  Spe c i fi c  i n terface i s  s hown i n  f i gu re 4 - 7 .  

4 . 3  REAR CHASS I S  PAYLOAD PROV I S I ONS 

P ay l o a d  s towage rro v i s i on s  for th e re a r  c h as s i s  a re s h own i n  f i g u re s  4 -8 and 4 - 9 .  
The L l l  a n d  RH a d a p te rs a n d  p a l l e t  s upport p o s t s  a re i ns ta l l ed o n  t h e  L R V  be fore 
l a unch , a r r i v i n g  on the l u n a r  s u r fa c e  i n  the conf i g u ra t i o n  s h own i n  f i g u re 4 - 8 . 
The ray l oa d  pa l l e t w h i c h  i n te r f a c e s  w i t h  the a d a p te r s  a n d  s u pport pos t s  i s  s towe� 
i n  LM  Q u a d r a n t  I I I ,  a n d  a r r i ves o n  the l un a r  s u rface w i t h  payl o a d  i tems a l ready 
i n s ta l l ed on the p a l l e t .  The c rew removes the p a l l e t  from Q u a d r a n t  I I I  and i n 
s t a l  I s  the pa l l e t ,  w i t h  a t tached p ay l oa d .  onto the s u pport pos t a n d  a da p ters on 
the L R V . 

· � • l G  T r a i n e r  Note * * *  

ThP. l'e,lr c l l d s s  i s  pay l o a d  a d a p tf'rs for t h e  H; 
T r a i n e r  w i l l  a l l Cit'l  i de n t i c a l  a s tro n a u t  func ti o n c;  
t o  h e  perfonncd , b u t  the con f i gu r a t i o n  o f  t h e  
a d a p ters i s  n o t  e x a c t l y  i de n ti c a l  t o  the LRV 
a d a p te r s . 

Ml � � l un ______ J ____ _ C a s  i c Ou te 1 2/4/70 Cna nqe Da t e  4/1 9/71. __ 'uge �6 
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NOT E :  S IM ILAR BAG IS PROVI DED 
UNDER R I GHT SEAT 

CONTROL & DISPLAY 
CONSOLE SUPPORT 

STRAPS Al TACIIEO 
TO CROSS MEMUER 
ON SEAT BACI: 

BAG STI FFENER 

F I GURE 4 -5 UNDER-SEAT STOWAGl BAG ( LEFT SEAT)  

o"i l :. S l On ___ 
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f i GUkL 4 -b PASSl�GlR S�AT STOWAGC TO CREATE PAYLOAU AREA ON 
Cl:. i lHR CHAS S I S  FLOOR 
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BSlSS SUPPORT STRAP 

[f_=:r 11� PUll. T/\0 
n::.-_ 1 -i t ... J! ( PULL TAB 1 0  REll:.fiSE �= t.-1 �..!, STRAP FROM PLSS :: Vlf SUPPORT VELCRO ON 

_ .... ����;.� f RONT OF SfAT BACK)  1f 1 J ))k ' -.  -�� � .:..· ·1:� --- r-:t,·.·� 
..... ---- ·""" . 

� � ,.,.. ,..., , ,_  -- -- --

S T E P  1 

L HV PASSlNGE R S EAT 

BSLS S SUPPORT 51 P.AP 

BSLSS STRAP SECURED TO PLSS SUPPORT 
VElCRO ON FRONT OF SEAT OACK 

STEP 3 

F I GURE 4 - 7 . BUOOY SLSS I NSTALLAT ION 

M i s s i on Bas i c  Date Change Date 4/1 9/71 Page 4 -9 
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POST T I E DOWN TAB 

I 

R .  H .  ADAPTEI\ 

F I GURE 4-8 L RV REAR PAYLOAD PALLET ADAPTERS 

:-'t l :. �  l u n __ J __ _ Ud s i c  Ou te 1 2/4/70 Cnanqe Date 4/ 1 9/7 1  .\tgt ·  � 1 0  
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F IGURE 4 9 - REAR PAYLOAD PALLET INSTALLED 
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SECTI ON 5 

OPERATING L I MITAT IONS 

Th i s  sec t i on conta i ns the L I<V opera t i n g  l i mi ta t i ons . 

5 .  1 PAYLOAD L I M I TATI ONS 

The LRV i s  des i gned for l unar  operati on a to ta l pay l oad of 970 pounds e�rth we i gl1 t 
d i s tri buted as defi ned by the LRV to S towed Payl oad I nterface r.ontrol Documen t ,  
1 3M0739 1 . Load i ng ! he LRV beyond the 970 pound l i mi t wi l l  cause the s tructura l 
fa< tor o f  s a fe ty to be l essened bel ow the 1 . 5 des i gn cas e .  

The a l l owa bl e center o f  grav i ty l ocati on for the total  L RV , i n cl ud i n g p ay l oad , 
i s  shown i n  F i gure 5 - 1 . Load ing  the LRV s uch that  the center of grav i ty fal l s  
outs i de the defi ned enve l ope wi l l  cause degradati on o f  performance , i nc l ud i ng : 

a .  Poss i b l e  s teeri ng d i s cont i nu i ty 
b . Poss i b l e  tract ion d ri ve d i s conti nui ty 
c .  Pos s i b l e  peri ods of i nstab i l i ty 

5 . 2  

*** l G  TRAIN[R  NOTE*** 

The l G  T rai ner i s  des i gned for a gros s  pay l oad of 800 
pound s .  Performance degrada t i on wi l l  occur i f  overl oaded . 

PARKI NG L IM ITATI ONS 

To achi eve proper th ermal control of the LRV and s towed pay l oad d u ri n g  between 
EVA park i n g  peri ods , the L RV mus t be ori ented per fi gure 5 -2 .  P ark i n g the LRV 
outs i de these l i m i t s  wi l l  resu l t  i n  d i s p l ay and control compo n e n t  overhea t i n g 
or LCRU overheati n g .  There a re no ori entation cons t ra i n ts i mpos e d  on s h o r t 
term park i ng du ri ng EVA ' s .  

***l G TRAINER  NOTE*** 

There a re no park i ng l i m i tat i ons for the l G  Tra i ne r .  

� . 3  SORT I L  L I M I TAT I ONS 

Tile LHV i s  des i �ned for EVA ' s  o f  6 hours dura t i on . The tllenna l des i gn i s  based 
on J hours of n1oui l i ty ope ra t i on in the 6 -llour LVI\ , w i th the navi ga t i on syste111 
and uHl lro l s  and di spl dys rema i n i ng on dur ing  the enti re 6 -hour LVA . Opera t i on o f  
the veh i c l e  beyond these t ime dura t i ons wi l l  cause thennal l i mi ts t o  L>e exceeded . 

The LRV i s  des i gned for con t i n uous opera ti on i n  shadows for not nK:lre than 2 hours 
due to tempera ture l i mi ts on  the Control and Di s p l ay components . See Append i x  A 
fo1· temperature ri se  and cool down times . 

M 1 :. s i on · -----J Gas i c  Date 1 2/4/70 Cnange Da te __ 4.:./_1..;;.9.:...1.;..7.;..1 __ ?o ge 5 -1 



'------ STA 
STA 
Y= - 3 . 2  

o"il � s  i on 

y .. +3 . 2  

J -----

LS006-002-2H 
LUNAR ROV I �G VEHICLE 
OPERATIONS HANDBOOK 

STA 
z = 1 22 . 25 t 

36 

STA 
STA Z = 86 . 25  

STA '----- x = 76 . 0  
X ,.  6 7 . 0  

F I GURE 5 - l . ALLOWABLE C . G .  ENVELOPE FOR 
VEHI CLE FULLY LOADED 
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ACCEPTABLE PARKI NG 
ATT I TUDES FOR SUN 
E L EVAT I ONS OF FROM 
5° - 1 2 °  

ACCEPTABLE PARKING 
ATT I TUDES FOR SUN 
ELEVAT IONS GREATER 
THAN 1 2 °  

F IGU RE 5 - 2 .  PARK I NG ORl t NTAT I ON CONSTRAI NTS 

"'- I / 

-G� / I � 

80° 1 1  0 "  

Bas i c  Date 1 2/4/70 Change Oate 4 / 1 9/ 71 Pi!qe H i s s  i on '---
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NAVI GATION SYSTEM L IMITATI ONS 

The fol l ow i ng l i m i tati ons are pl aced on operati ng the LRV and lG  Trai ner 
Navigation System. 

a .  The Navi gati on System i s  to be on for a mi n i mum of three m inutes 
before i n i t i a l i zat ion to al l ow the gyro to reach operati ng speed .  

b .  The GYRO TORQU ING Swi tch i s  not to be kept i n  the L E FT o r  R I GHT 
pos i t i on for more than two mi nutes . After two mi nutes on , the 
swi tch mus t  be keot OFF for a mi n i mum of fi ve mi nutes to prevent 
damage to the gyro torqu1ng motor. 

c .  The navi gati on i nput vol tage must not be a l l owed to be l ess  than 
30 VDC to prevent excess i ve computati on and d i s p l ay errors and to 
prevent damage to nav i ga t i on equi pment i f  the unde r-vol tage s i tua
ti on i s  prolonged . Therefore , i t  is  i mperati ve tha t the NAV POWER 
c i rcui t b reaker be open i f  the VOLTS i ndi cator i nd icates l ess  tha n  
60 .  The VOLTS i nd i cator shou l d  be checked peri odi cal ly  ( a t  least  
each 15  mi nutes ) to veri fy readi ngs of not l ess  than 60 . 

M i s s i on J Bas i c Date 
----

1 2/4/70 Change Date 4/19/71 Page � 
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S E CT ION 6 

OPERAT I�G T I MEL I NE S  

T h i s  s ec t i on de f i n e s  the c1 pprox i mate t imes for perfonn i n g  L RV func ti ons o n  L i te  
l una r s urface and lG T r a i n e r  fun ct i ons on ea rth . 

***lG  T RA I N E R  NOTE*** 

T i me l i nec; fC'I r l G  Tt·a i ner  opera t i on a re i de nt i c a l  to 
those s hown l or  LRV l una r surface opr.ra t i ons  exct:!pt 
fo r tra c t i on d r i ve deCC'Iupl ing  and s teeri n�  decoup l i n !J .  

I nc l uded i n  th i s  sec t i on a re t i me l i nes  for : 

M 1 :, � 1 c... n 

F i gure 6 - 1 
6 - 2  
6-3  
6-4  
6-5  
6-6  
6 - 7  
6-8 
6 -9 
6 - 1 0  -
6 - 1 1 -

L RV Depl oymen t  
Pos t -Dep loyment Checkout 
P re -Sortie Checkout and Prepara t i cn 
Post-Sort i e  Shutdown 
N nv i g a ti o n  Update 
Tra c t i on Dri ve Decoupl i ng 
S teeri n g  Decoup l i ng 
Rear  S teeri ng  Recoupl i ng 
l G  Tra i ne r  Batte ry Changeout 
lG Trainer Tracti on Dri ve Decoupl i ng 
l G  Trai ner Steeri ng Decoup l i ng 

J Ga s i c  Da te 1 2/4/70 Change Date __ 4..;./_l�9'-/ .... 7 l....__?o ge 6 - l  ------
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lPULL VELCRO TAPE LOOSE FROM LEFT TRI POD AND REMOVE I NSULATION FRO� 
AROUND LEFT LOWER SUPPORT ARM . 

RELEASE CENTER BRAKED REEL DEPLOYMENT TAPE FROM NYLON BAG ATTACHED 
TO LEFT LOWER SUPPORT ARM ; DRAPE TAPE OVER LM LANDING STRUT. 

RELEASE DEPLOYMENT CABLE ; DEPLOY FULL LENGTH OF CABLE AT 45° ANGLE 
FROM QUAD I TOWARD DESCENT LADDER. 

PULL VELCRO TAPE LOOSE FRO� RIGHT TRIPOD AND REMOVE I NSULATION 
FROM AROUND R IGHT LOWER SUPPORT ARM . PULL I NSULATION BLANKET 
LOOSE FROM V ELCRO ON LOWER END OF LRV CENTER CHASS IS . 

RELEASE DOUBLE BRAKED REEL DEPLOYMENT TAPE FROM NYLON BAG 
ATTACHED TO R IGHT LOWER SUPPORT ARM ; DRAPE TAPE OVER 
CONVEN I ENT PROTRUS ION . 

V I SUALLY I NSPECT BOTH LOWER SUPPORT ARMS . 

IASCEND TO LM PLATFORM TO DEPLOY LRV � OTHER CREWMAN GRASPS 
DEPLOYMENT CABLE AND MOll! TOR DEPLOYMENT . 

PULL D -HANDLE TO RELEASE LRV FROM LM AND V ISUALLY VER I F Y  
THAT LRV MOVED OUTWARD FROM LM ABOUT 4 ° .  

REEL TAPE AT RIGHT S I DE OF VEHI CLE . 

� PULL TAPE FROM DOUBLE BRAKED REEL ; VERIFY  THAT 
LRV ROTATES OliTWAP.D FROM LM AND CAM F ITTING 
ENGAGE LOWER SUPPORT ARMS . CONTINUE PULLING TAPE 
UNTI L  AFT CHASS I S  UNFOLDS ABOUT 45° ;  THEN VER I F Y  
THAT AFT CHASSI�  I S  LOCKED I NTO POS ITION , THAT REAR 
WHEELS HAVE UNFOLDED AND THE TETHERED WHEEL STRUTS 
HAVE FALLEN FREE . ALSO V ER I FY THAT THE FORWARD 
CHASSIS  IS RELEASED FROM THE CONSOLE POST AND HAS 
RETURNED TO THE 35° POS I TIO� . 

F IGURE 6 - 1  LRV DEPLOYMENT T IMELINE  

( . 1  M I N )  

( . 2 M I N )  

( . 2 M I N )  

( . 2 M i ll )  

( . 2  M I N )  

( . 1 M I N )  

( . 2  M I N }  

( . 2  M I N )  

( . 2 M I N )  

( . 5 M I N )  

M i s s i on J Bas i c Date 1 2/4/70 Change Date 4/1 9/7 1  Page � 
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COIHI NUE PULLING TAPE FROM DOUBLE BRAKED REEL UNT I L  AFT WHEELS CONTACT (2 . 0 M I N )  
LUI�AR SURFACE . VER I FY THAT THE AFT WHEELS SL IDE ALONG THE LUNAR SURFACE , 
AS THE CREWMAN PULLS THE TP.P E ,  UNTI L  THE CENTER CHASSIS  L I FTS OFF THE 
LOWER STRUT ARMS AND THE FORWARD CHASSIS  UNFOLDS AND LOCKS I NTO POS I T I ON .  
VERI FY THAT THE FORWARD WHEELS HAVE UNFOLDED AND THE TETHERED \�HEEL 
STRUT� HAVE FALLEN FREE . CONT I NUE TO PULL THE TAPE UNTI L  THE DOUBLE 
BRAKEO REEL CABLES ARE SLACK . 

STOW DOUBLE P.RAKED REEL TAPE OUT OF WORK AREA ; RELEASE OUTER BRAKED 
REEL CABLE AT RR OF CENTER CHASSIS  AriD STOW OUT OF WORK AREA . 

RELEASE OUTER nRAKED REEL CABLE AT LR OF CENTER CHASS IS  AND STOW 
OUT OF WORK AREA . 

( . 2 M I N )  

( . 1  M I N )  

RETR I EVE AND PULL TAPE OF CENTER BRAKED REEL UNT I L  THE FORWARD ( 2 . 0  M I N )  
END OF THE LRV CONTACTS THE LUNAR SURFACE . STOW TAPE FROM 
CENTER nRAKED REEL OUT OF WORK AREA . 10THER CREWMAN TO RELEASE DEPLOYMENT CABLE AND STOW OUT OF 

WORK AREA . 

RETURN TO RF H I NGE LATCH OF LRV ; VERIFY R IGHT FRONT 
H INGE LATCHED . 

DEPLOY RF FENDER EXTENS ION .  

REMOVE P I�S 9 AND 10  AND TOSS CLEAR OF WORK AREA . 

GRASP APEX OF TRIPOD WITH RIGHT �AND AND PULL P I N  1 1 . 

DI SCARD T R I POD MAI N  MEMBERS CLEAR OF DEPLOYMENT AREA . 

GRASP R I GHT  TR IPOD CENTER MEMBER I N  R IGHT HAND 
PULL P I N  1 2  AND DISCARD . 

I NSERT R IGHT TRI POD CENTER MEMBER I N  FRAME FOR 
TOEHOLD .  

F I GURE 6- 1  LRV DEPLOYMENT T I MEL I NE ( CONT I NUED) 

( . 2 M I N )  

( . 2 M I N )  

( . 1 M I N )  

( . 2 M I N )  

( .  1 M I N )  

( . 1 M I N )  

( . 2 M I N )  

( . 1 M I N )  

-----------���- - --
M i s s ;  on __ J __ Bas; c Date 1 2/4/70 Change Date 4/1 9/7 1  P age fi - 3  . 
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RELEASE RilHT FOOTREST RE STRAINT AND ERECT R IGHT FOOTREST AND VERI FY ( . 1  M I N )  
LATCHED I N  POSIT ION .  

PULL AND TURN C/ D CONSOL E LATCH P 1 3 ,  goo CW. WHEN CONSOLE DEPLOYS , ( . 1  M I N )  
RAI �E I NBOARD HANDHOLDS AND LOCK I N  OPERATIONAL POS IT ION ,  ROTATE P1 3 
goo CW AND VER I FY CONSOLE LOCKED I N  POSI T ION 

RELEASE R IGHT SEAT BELT FROM STOWAGE POS ITION AND STOW I N  TEMPORARY ( . 1  M I N )  
LOCATION .  

GI{ASP FRONT OF RIGHT SEAT FRAME AND L I FT TO STABLE OVERCENTER POS I - ( . 1  M I N ) 
T ION AND ERECT RIGHT SEAT FRONT LEGS . VERIFY SEAT STOWAGE BAG ERECTS . 

PULL SEAT PAtl FRAAE UP AND POS I TI ON ENDS OF FRAME UNDER BACK REST ( . 1  M I N )  
SUPPORT NEMBER LOWER SEAT FRAME TO ENGAGE FRONT LEGS AND VER IFY 
LATCH£[).  

VERIFY R IGHT  REAR H I NGE LATCHED. ( . 1 MI N )  

V I SUALLY VERIFY REAR STEERI NG DECOUPLING R I NG SEAL HAS NOT BEEN ( . 1  MIN ) 
BROKEN . 

DEPLOY R IGHT REAR FENDER EXTENSI ON .  ( . 1 M I N )  

V[RIFY LEFT REAR H I NGE LATCHED AN D  DEPLOY LEFT REAR FENDER ( . 2 M I N )  
EXTENS ION . 

RELEASE I NBOARD HANDHOLD VELCRO TIEOOWN STRAP . { . 1 M I N )  

RELEASE LEFT SEAT BELT F ROM STOHAGE POS IT ION AND STOW I N  ( . 1  M I N )  
TEMPORARY LOCATION .  

Gf<ASP I·RONT OF Lt.FT SEAT FRAME J L I FT � STABLE OVERCENTER ( .  l M I N )  
POS IT ION AND ERECT LEFT SEAT FRL · - LEGS E R I FY SEAT STOWAGE 
BAG ffiECT S .  

J 

F I GURE 6- 1  LRV  DEPLOYMENT TI�-L I NE ( CONTINUED) 

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

Bas i c  Date 1 2/4/70 Chance Date 4/ 1 9/7 1  Page .J -4 



LS006-002-2H 
LUNAR ROVING VEH I CLE 
OPERATIONS HANDBOOK 

PULL SEAT PAN FRAME UP AND POS I T I ON ENDS OF F RAME UNDER BACK REST SUPPORT 
MEMBER .  LOWER SEAT FRAME TO ENGAGE FRONT LEGS AND VER I FY LATCHED .  ( . 1  � I N ) 

FOLD I NBOARD ARMREST DOWN . 

SUPPORT CONSOLE W ITH LEFT HAND ; GRASP C/D CONSOLE PANEL "T"  HANDLE 
P 7 , TURN 90° CW TO LOCKED POS I TI ON .  

ROTATE INBOARD HANDHOLD TO LOCKED POS I T I ON \<n-J I L E  ROTATI NG CONSOLE 
fJOWNI�ARD W ITH LEFT HAND .  

ROTATE T -HA�DLE P 7  90° CW  AND FOLD FLUSH WTTH CONSOLE BOX AND 
Sf:CURE I NTO POS I T I ON W ITfJ VELCRO STRAP . 

REMOVE ATT I TUDE INDI CATOR LOCK P I N  AND D I SCARD . 

REMOVE C&W FLAG LOCK P I N  AND D ISCARD. 

P I JLL P I NS P3 AND 4 AND TOSS CLEAR OF WORK AREA. 

GnASP TRI POD APEX W I TH LEFT HAND AND PULL P I N  P5 ; D I SCARD P I N  
PS AND TRIPOD MAI N  MEMBERS . 

GRASP TR I POD CENTER MEMBER I N  LEFT HAND ; PULL P I N  P6 AND 
Dl  SCARD . 

USE HOOKED END OF SHORT TR I POD MEMBER TO PULL CABLE P2 AND 
VERIFY  THAT TELESCOP I NG RODS SADDLE FALLS AWAY . 

I �SERT T R I POD CENTER MEMBEP. I �  LRV FRAME FOR TOEHOLD .  

RELEASE LEFT FOOTREST RESTRAI NT DEV I CE AND E RECT LEFT 
FOOTREST AND V ER I FY LATCHED POS I T ION . 

F IGURE 6 - 1  LRV DEPLOYMENT TIME L I N C  ( CONT I NU ED)  

( . 1 r� I N )  

( . 1  �1 1 N )  

( . 1 M I N )  

( . 1 t·11 N )  

( . 1 �1 I N )  

( .  1 M l  N )  

( . 1 �11 N )  

( . 1 M I tl )  

( . 2 r� I fl )  

( . 1  M I N )  

( . 1 �11 rn 

( . 1 �� I r  I )  

M i s s i on __ J __ Bas i c  Date 1 2/4/70 Change Date 4 / 1 9/7 1  P age 6 - 5  
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f-1CVE TO U :. F T  F RONT I I J NGF A R E A  1\fW VER I FY LEFT FRONT I I I IJGE  LATCH E D . 

DEPLOY  L E FT FRONT FE N DE R E XT E NS i ON .  

H SrErT /\NO V E R I F Y  G f\ T T F r Y  t!J . 1 AND SPU DUST COVERS  ARE CLOSE D  
ANO SECURED .  

v r R I I Y  TI-AT T H E  IOP.I·iARO STEER I NG DECOUPL I NG R i riG SEAL HAS NOT BEEN 
BROKEr� . 

f·,r.V E  TO R I GHT  '" I DE nr ',' i_ I I J \LE AND V E R I FY THAT 13ATTERY NO . 2 OUST 
COV E P  I S  CLOSE [) AND � E r i ! R E O .  

��1 R I C in S I DI. O F  V F H ! CI l I :OTATE " T "  HANDLE P 1 3  90"  CW M:D FOLD 
" T "  I 1ANDLE ILUSH W I TH Ct1 NSOLE BOX AND SECURE . 

l PI' DEPLOn1l r. T CIH·1r 1 [_ rc . 

TOTAL TWE 1 1  . 0  �I! NUTES 

l l r.UR[ 6 - 1 . L RV llEPLOYf�ENT T I ME L I NE ( CONT J tl U E. U )  

( . 1 M l  N )  

( . 1 M I N )  

( . 1 M I N )  

( . 1 1-1 I N )  

( . 2 M l  N )  

( . 2 M I N )  

-- - -- - ------------
f-1 i •;s 1 on J 

---
Bas i c  Ddte  1 2/ 4 / 70 C h a n ge Date 4/ 1 9/7 1 Page 6 -6 
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1I NGRESS LRV AND FASTEN SEAT BELT , AND VERI FY HAND CONTROLLER IN PARKING 
BRAKE POS IT ION .  

VERI FY SWI TCHES AND C I RCU IT  BREAKERS IN  PRE-LAUNCH POSI T IONS . 

CLOSE BUS A ,  BUS B ,  BUS C ,  BUS D C I RCUIT BREAKERS . 

SET BATTERY SWITCH TO VOLTS X 1 / 2  AND REPORT VOLTS I ND I CATE D .  

SET BATTERY SWI TCH T O  AMPS , CLOSE THE + 1 5  DC PRIM C I RCU I T  
BREAKER ,  CLOSE STEER I NG FORWARD AND RE�R C I RCUIT  BREAKERS , 
CLOSE DRI V E  POWER LF ,  R F ,  LR ,  RR C I RCUIT BREAKERS , SET FRONT 
DRI VE ENABLE SWI TCHES TO PWM 2 ,  S ET REAR DR IVE  ENABLE TO PWM 
1 ,  AND SET � 1 5  DC SWITCHES TO SEC .  

SET  STEER I NG FORWARD SWITCH TO  BUS C ,  SET  STEERING REAR � 
SW I TCH TO BUS B ,  SET FRONT DRIVE POWER SWITCHES TO BUS C ,  
SET REAR DRIVE POWER SWITCHES TO BUS B .  

SET HAND CONTROLLER REVERSE I NH I B I T  SWITCH I N  UP POS I T I ON 
AND CALL OTHER CREWMAN TO D I RECT AND MON ITOR BACKI NG OPERA
T I ONS AND TO VERIFY THAT DRIVE  MOTORS AND STEER I NG MOTORS 
ARE WORK I NG .  

� RECEI VE CLEAR S I GNAL FROM OTHER CREWMAN , RELEASE PARKING 
BRAKE AND BACK LRV CLEAR OF LM , STOP LRV AND SET PARKI NG 
BRAKE . RESET REVERSE I NH I BIT  SWITCH TO DOWN POS IT ION .  

���� RELEASE PARKING BRAKE AND DRI VE FORWARD TO 
MESA PARKI NG AREA FOR EQU I PMENT LOAD I NG .  
VER I FY THAT THE VEH ICLE RESPONDS TO HAND CON
TROLLER COMMANDS FOR LEFT AND R IGHT STEERING , 
SPEED CONTROL , BRAKING AND THAT ALL FOUR WHEELS 
ARE ROTATI NG ( NOT SL ID ING ) . 

( . 2  M I N ) 

( . 2 M I N )  

( . 1  M I N )  

( .  1 M l  N )  

( . 3 "1 1 N )  

( .  1 MHl )  

! ( . 1  W N )  

' { . 4  M I N )  

I ( 1 . 0 M I N )  

) 
STOP LRV AND SET HAND CONTROLLER I N  THE PARK I NG l 
BRAKE POS I T I ON �  NEUTRAL THROTTLE . � ( . 1 M I N )  

F I GURE 6 -2 .  L RV  POST DEPLOYMENT CHECKOUT T l MEL INE 

M i s s i on J Ba s i c  Oate ---- 1 2/4/ 70 Change Date 4/ 1 9/ 7 1 Paqe � 
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� SIWI DQI.•Jrl LRV POWER M� l i  \· . td :Y TI IAT THE HAND CONTRt1L L L.R I S  I rl THE PARKI NG ) l llRAKL. ro: i TIO tl ,  THAI Ti l L  I f .u:iT ArlO REAR DRrVE  POWER  SW ITCHES ARE OFF , THAT f� ( . 2 M I N )  
THE FORWARD AND REAr. ': I t:  I- ·. l IlL SWITCHES ARE OFF ,  THAT THE + 1 5  VDC SWITCH 
I S  OFF AND THAT THE ' l 4. V  P·1WER C I RCUIT BREAKER IS orrr . _ -

� R E L EASE AND STOW <; r  A.T PFL T ;  EGRESS VEH ICL E .  ( . 3 1·1 1 f ' )  

( l O fAL T I ME 3 . 1  M I N . )  

f l flURE b - · · . L R V  P I J -)i DEPLOYMENT CHI:.CKOUT T J I�LL I N E  

f cnrn i NUED) 

; • j  ss i on J Bas i c  D a t e  1 2/ 4 / 70 Chan ge D a te 4/ 1 9/ 7 1 P a g e  6 - 8  
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ARE CLOSED .  ( .  1 M I N )  
lPERFORM V I SUAL I NSPECTION TO VERI FY THAT THE BATTERY AND SPU OUST COVERS } 
��lLOAD LRV W I TH EQUI PMENT SELECTED FOR SORT I E .  (T IME  TO BE SUPPL I ED  BY 

NASA/MSC )  

LRV DRI VER I NGRESS LRV LEFT SEAT AND FASTEN SEAT BELT ; VERI FY l 
BRAKE SET . \ ( .  3 M I N )  

OTHER CREWMAN I NGRESS LRV R IGHT S EAT AND FASTEN SEAT BELT . ( . 3  M I N )  

ACTIVATE LRV  ELECTRI CAL SYSTEM . ( . 4  M I N )  

REPORT AMP -HR  I ND ICATION FOR EACH BATTERY . ( . 1 M l  N )  

REPORT AMPS I ND I CATI ON FOR EACH BATTERY . ( . 1  M I N )  

SET BATTERY SWITCH TO VOLTS x l / 2 ,  REPORT VOLTS } I ND ICATI ON FOR EACH BATTERY AND RETURN BATTERY SWITCH ( . 1 M I N )  
TO AMPS SETTING . 

� RELEASE PARK ING BRAKE AND DRI VE TO LEVEL  AREA 
NEAR THE LM . � ( . 5 M I N )  

DEPLOY SUN SHADOW DEVICE AND VEHICLE ATTITUDE l 
I ND ICATOR TO READ ROLL . PARK W ITH I N  3° 
OF DOWN SUN ( PER SSO ) , AND LEVEL W I TH + 6° 
ROLL , THEN SET BRAK E .  

-
( . 2 M I N ) 

REPORT THE SUN AZI MUTH ANGLE ,  AND P I TCH AND t 
ROLL ANGLES . FOLD SSO.  f ( . 2 M I N )  

PULL SYSTEM RESET SWI TCH FROM DETENT AND MOVE l 
TO RESET POS IT ION . RETURN TO OFF .  

\
( . 1  M I N )  

F I GURE 6 - 3 .  PRE-SORT I E  CHECKOUT AND PREPARATION T I ME L I NE 

0 4/ 1 9/7 1  Page 6-9  
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FOLD VEH I CLE  ATT I TUOL I NDI CATOR TO DRIVE POS I T ION . 

VERi lY THAT BEAR i f lr: . D I STANCE , AND RANGE I ND I CATORS ARE ZERO ; THEN l 
RETURN SYSTEM RESCT SWI TCH TO OFF POS I T I O N .  � 

:.,.,� RECE I VE CORRI l.TED HEAD I NG FROM MCC , PULL GYRO TORQ U I NG SW ITCH t 
FROM DETEilT MD OPERATE TO CORRECT HEAD I NG I N D I CAT I ON ;  THEN \ TURN GYRO TORQU ING  SWITCH TO OFF . 

REPORT RATTERY AND DRIVE MOTOR TEMPERATURES . 

REPORT BATTERY CURRENT W I TH VEH I CL E  I N  MOT I O N .  

( • 1 1'1 I N )  

( . 1  M I N )  

( . 8 M I N )  

( . 1  M l tl )  

( . 1 M I N )  

. ADV I SE MCC THAT PRE-SORT I E  P REPARAT ION AND CHECKOUT J S  
COMPLETE ; REQUEST CLEARANCE FOR SORT I E .  \ ( . 1  M I N )  

(TOTAL T IME  3 . 7  M I N .  PLUS 
EQU I PMENT LOADI NG T I M E )  

I I GURE  6 - 3 .  PRE-SORT ! [  CHECKOUT AND PREPARAT I ON T I M E L I N E  
( CONT I NUED)  

1 2/4/70  Ch o te 4 / 1 9/ 7 1  Page 6 - 1 0  
"l i c; s i on __ J __ Bas i c  Onte ange a 
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STOP LRV I N  SELECTED PARK ING AREA AND PLACE HAND CONTROLLER IN PARKI NG l 
BRAKE POS I T I ON ,  THRCTTLE I N  NEUTRAL. ( 

RLPCRT BEARI NG ,  D I S7ANCE AND RANGE READ I NGS TO MCC . 

REPORT AMP-HR �NO VOLTS I ND ICATI ONS FOR EACH BATTERY ; SET BATTERY l 
SWI TCH TO AMPS SETT I NG . 

REPORT BATTERY AND DRIVE  MOTOR TEMPERATURES .  

STOW SEAT BELT , EGRESS L R V .  

ALIGN H I GH GA I N  ANTE�NA. 

SET LCRU MODE SWI TCH TO TV RMT. 

· OPEN L RV PATTERY AND SPU DUST COV ERS . 

TOTAL T I ME 2 . 1  M IN  

l l GURE 6-4 . POST-SORTI E  SHUTDOWN 
T I ME L I NE 

( .  2 M i rO 

( . 2 M H ) 

( . 2 I� I N )  

( . 2 I' I N ) 

( . 3  M J :-.: )  

( . 4 t- 11 1� )  

( . 2  M I N )  

( . 1 M l  N )  

( .  3 M l  N )  

M i s s i on J Bas i c  Date 1 2/ 4/ 70 Change Date 4/ 1 9 / 7 1 Page 6 - l l 
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S E L E C T  A LEVEL AREA AND PARK THE L RV HEADI NG DOWN SUN , AND SET PARK I NG ( . 2 M I N )  
BRAKE ( P I TCI I LLSS THAN ! G " ,  DOWN SUN W ITH I N  :!:_ 3 ° ) . 

DEPLOY ROLL ANGLE DE V I CE AND NOTE READING  ( ROLL L�SS THAN 6 ° ) . ( . 1  M I N )  

L RV HEADI NG AND ROLL ANGLE T O  MCC . ( . 2 M I � )  

RECE I VE CORRECTED HEAD I NG FROM MCC . ( 1  M I N )  

I F  I NDI CATED HEAD I NG DI FFERS FROM CALCULATED B Y  GREATER  
Til AN z o , PULL GYRO TORQUI NG TOGGLE F ROM DETENT AND SLEW ( . 2 M l  N )  
HEAD I NG AS REQU I RED.  RETURN GYRO TOGGLt TO OFF POS I T ION . 

NOT I FY MSFN " LRV READY TO RESUME SORT I E " .  ( . 1  M i ll )  

TOTAL TIME 1 . 8  M I N  

F I GURE G - 5 .  NAV I GAT ION UPUATE T I ME L I NE 

:-'1 1 :. � 1 on ___ J __ Ca s i c Da te _1_2_1_41_7
_0_ Cnange Date 
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STOP LRV , SET BRAKE . \ RELEASE AND STOW SEAT BELT . 

EGRESS VEH I CL E .  

REMOVE TOEHOLD . 

MOVE TO DEFECTI VE WHEEL D R I VE UN I T .  

ENGAGE CONT I NGENCY TOOL THROUGH E I THER  WHEEL DECOUPLING  HOO K .  

PULL OUT TO L I M I T  OF HOOK TRAVEL AND ROTATE 90° COUNTE RCLOCK
W I S E .  

ENGAGE CONTI NGENCY TOOL I N  OTHER  DECOUPL I NG HOOK , PULL OUT 
AND ROTATE . 

RE - I NSTALL LEFT S I DE TOEHOLD . 

*** l G  TRA I NER NOTE*** 

T I MES ARE I DENT I CAL FOR l G  T RA I NER  
S I MULATED DECOUP L I N G .  ( SEE F I GU RE 
6- 9 FOR ACTUAL T I ME REQUI RED FOR 
TECHN I C I AN TO E F FECT DECOUP L I NG ) 

TOTAL T I r 1  E ( 1 • 0 M I N ) 

F I GURE 6-6 . LHV TRACTION D R I VE DECOUPL ING  T I MEL I N [  
( CONTI NGENCY OPE RATION ) 

( . l M l tl )  

( . 1 H I  N )  

( . l M l  N )  

( . z M r rn 

( . 1 Ml  N )  

( . l M l N )  

( . 1  M W )  

( . 2  M I N ) 

Mi s s  i on ___ J __ Ba s i c  Date 1 2 /4/70 Cnange Date _ __:..41c....:l:...::;9.:....! 7:.....:l __ ), , g L· � 3 
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STOP L R V  AND SET BRAKE . TURN DR I VE POWER AND STE E R I NG OFF 

RELEASE ANO STOW SEAT BELT . 

EGRESS VEH I CLE . 

MO V E  TO L E FT FRONT OR R I GHT REAR DECOUP L I N G R I NG LOCAT I ON AS 
APPROPR I ATE . 

PULL S T E E R I N G  DECOUPL I N G  R I NG AS APPROPR I ATE . 

MANUALLY STRAI GHTEN WH EELS OF DEFECT I V E  D R I VE SYSTE M .  MOVEMENT 
OF  WHEEL MAY BE NE CESSARY fOR OECOUPL I N G  

***l G TRAINER NOTE*** 

T I MES ARE I DENT I CAL FOR 1 G  TRA I N E R  
S I MULPTED DECOUP L I NG .  ( SEE F I GURE 
6- 1 0 FOR ACTUAL TIME REQU I R ED FOR 
TECHN I C I AN TO E F FECT DECOUP L J NG )  

TOTAL T I ME 1 . 1  M I N  

F I GURE 6 - 7 .  LRV STEERING DECOUP L I N G  T I ME L I N E  
( CONTI NGENCY OPERAT I ON )  

( . 2 M I N )  

( . 1  M I N )  

( . 2 M I N )  

{ .  2 M I N )  

( . 1  M I N )  

( . 3 �11 N )  

Ca s i c  Oate 1 214/70 Cna nge Da te __ 4..;./...;1..;;.9:...1 7;...;1�-:Ju ge � 1 4 
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STOP LRV AND SET BRAKE . TURN DRI VE POWER AND STEER ING OFF 

RELEASE AND STOW SEAT BELT 

MOVE TO AREA FRONT OF R I GHT REAR FENDER 

RELEASE RECOUPL I NG TOOL T IEDOWN VELCRO STRAP AND REMOVE RECOUPLING 
TUOL FROM STOWAGE BLOCK 

PULL TAB TO OPEN REAR STEERING SECTOR DUST COVER AND PULL DUST 
COVER BACK 

PUSH BUTTON ON TOP OF SECTOR GEAR TO RE-ENGAGE GEAR 

IMSERT RECOUPL I NG TOOL IN TOP OF RAISED AREA ON SECTOR GEAR, 
ROTATE TOOL TO ENGAGE LOCK P I N  AND L I FT TOOL UNT I L  PIN LOCKS 
I N  RAISED POS I T ION .  REMOVE TOOL . 

RlPLACE STEERI NG SECTOR DUST COVER  

REPLACE RECOUPL I NG TOOL IN  STOWAGE BLOCK AND SECURE WITH 
V[LCRO Sl RAP . 

*�*1 G Trainer Note*** 

RECOUPL I � G  OF THE REAR STEERING FOR THE 1 G  
T�AINER W ILL BE PERFORMED BY A TECHN I CIAN .  

TOTAL T I ME 1 . 4 MINUTES 

F IGURE 6-8 .  LRV REAR STEERI NG RECOUPL I NG T IMEL INE  ( CONT I NGENCY 
OPERAT IOii ) 

( . 2 M I N )  

( . 1 M l  N )  

( . 2  M l N )  

( . 2  M I N )  

( . 1 M I N )  

( . 1 M I N )  

{ . 1  M I N )  

( . 2  M IN )  

( . 1  M I N )  

( . 1  M I N )  

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/ 1 9/ 7 1  Page � ----'--
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PLACE HAND CONTROLLE R ,  SWI TCHES AND C I RCU I T  BREAKERS I N  POS I TI ON FOR 
BATTERY CHANGEOUT . ( . 3 M I N )  

D I SCONNECT BATTERY # 1  CONNECTO R .  ( . 1  r� l ll )  

REMOVE SCREWS FROM ElATTERY # 1  SUPPORT ElRACKETS . ( 1 . 0 �� l rl )  

ElATTI:.RY FREE O F  VEH I CLI:. . ( .  1 r�l IJ ) 

SET REPLACEMENT BATTERY I N  PLACE ON VEH I CLE . ( . 5  M I N )  

I NSTALL SCREWS THROUGH SUPPORT BRACKETS . ( 2 . 0  M I N )  

CONNECT BATTERY # 1  CONNECTOR .  ( .  1 M I N )  

D I S CONNECT BATTERY #2  CONNECTO R .  ( .  1 M I N )  

REMOVE SCREWS F ROM BATTERY # 2  SUPPORT 
BRACKETS . ( 1  . 0  M I N )  

L I FT BATTERY FREE OF VEHI CLE. . ( . 1  M I :O 

SET REPLACEMENT BATTERY I N  PLACE 
ON VEH I CL E .  ( . 5 M I N )  

TOTAL T I ME 8 . 1  M I N  

I NSTAL L SCREWS THROUGH 
SUPPORT BRACKETS . ( 2 . 0  M I N )  

CONNECT BATTERY # 2  
CONNECTO R .  ( . 1  M I N )  

RECON F I GURI:. SWI TCH[S 
/\ND C I RCU I T  ElREAKERS . ( . Z �� I N )  

F I GURE. 6 - 9 .  1 G  T RA I NE R  BATTERY CHANGEOUT 

;-.t, , � S l vn ___ J __ Ga s i c  Date 1 214170  Cnange Date __ 4_!_1 9..;./_7_1 __ >ugt: � h  
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PERFORM CREW FUNCTIONS OF F I GURE 6-6 .  

REMOVE 6 SCREWS FROM WHEEL HUB AND REMOVE HUB . 

I NSERT BLANK HUB I N  WHEEL . 

. ' ' 

RE- INSTALL 6 SCREWS I N  BLANK HUB . 

NOT I FY CREW TO RESUME OPERATION .  

TOTAL T IME 4 . 7  MIN  

F IGURE 6 - 1 0 .  lG  TRA INER TRACTI ON DRIVE DECOUPLING  TIMELI N E  

( 1 . 0 � 11  N )  

( 1 . 5  M I N )  

( . 1  M I N )  

( 2 . 0  M I N )  

( . 1  MI N )  

Mi ss ion ___ J __ Bas i c  Date 1 2/4/70 Change Date _....;4/;...1_9-.f7_1 __ .?uge �1 7 
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( . 8  M l f\ )  � PERFORM CREW FUNCTIONS OF F I GU RE 6-7 .  
. � I NSTALL CLAMP ON LEFT STEERING ARM , BUTTED AGAINST CHAS S I S  

M i !> s i on 

FRAME . 

AGAINST CHASS IS  FRAME . 

NOTI FY CREW TO RESUME OPERAT I ON .  

TOTAL T IME 2 . 9  M I N  

FI GURE 6-1 1 .  1 G  TRAINER STEERI NG DECOU�L ING T IMEL I NE  

-----
J Ga s i c  Date 1 2/4/70 Change Date 

( 1 . 0  M I N )  

( 1 . 0  M I N )  

( . 1 M I N )  

4/ 1 9 / 71 .>uge § ... :_1 R 
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SECTION 7 

OPERATING PROFI LES 

7 . 1  LRV OPERAT ING  PRO F I LE 

7 . 1 . 1 Normal Operat ing  Profi l e  

The L RV i s  des i gned for nomi na l  operati on i n  accordance wi th the profi l e  shown 
i n  fi gure 7 - 1  for a l unar su rface s tay t ime of 78 hours . 

7 . 1 . 1 . 1  Sort i e  Profi l e  

o The normal sorti e profi l e  cons i sts o f  a maxi mum of 3 hours o f  dri v i ng t ime and 
3 hours of station t i me ,  to total 6 hours per LRV sort i e .  

o The normal sorti e wi l l  be accompl i shed wi th a l l  four tracti on dri ves and both 
steeri ng assembl ies  act i ve .  

o Duri ng the sort i e ,  stops wi l l  be made at peri odi c  i nterva l s  to upda te L RV n a v i ga 
tion system. At these stops , the crew wi l l  report i nd i cator readouts per 2 . 6 .  

NOTE 
Navi gat i on updates wi l l  be performed only i f  
i nd i cator HEADI NG di ffers from MCC Ca l cul ated 
head i ng by more than 2 ° ,  

o The LRV na vi gat i on system and consol e d i s p l ays wi l l  remai n  energ i zed th rough
out the s i x  hour sort i e  durat i on . 

o At stops exceedi ng fi ve mi nutes , the power to the tracti on dri ve uni ts , steer i ng  
motors , and dri ve control ler  wi l l  be  turned off ( accomp l i shed by pl aci ng STEER ING 
FRONT and REAR swi tches OFF ; LF , RF ,  LR ,  RR DR I VE POWER swi tches OFF , and + l SVDC 
swi tch OFF ) .  

-

o C i rcu i t  breakers and swi tch setti ngs wi l l  be set to u t i l i ze both batteries at 
approxima tely the same rate , ( e . g . ,  s teeri ng for the front wheel s powered from 
Battery No .  1 and steeri ng for the rear wheel s  from Battery No .  2 ) .  

o Power from the auxi l i ary connector wi l l  be suppl i ed only as requ i red by the 
LCRU for speci a l  cases . 

o Dri v i ng speed duri ng the sorti e wi l l  be vari ed at the crew ' s  d i scretion . The 
speed profi l e  for a sorti e l eg wou l d  cons i s t  of beg i nn i ng at zero , accel erat ing  
to  a des i red dri vi ng speed , repeating cycles of decel erat ing  to  a s l ower speed , 
re-acce l erat i ng to the des i red d ri vi ng speed , and decelerat i ng  to s tops . 
Speed wi l l  vary between zero and 1 4  km/h! .  

o Operati on of  the LCRU h i gh gai n antenna and  the telev i s i on camera wi l l  be 
conducted only when the LRV i s  s topped . The l ow ga i n  antenna wi l l  be manua l l y  
ori ented du ring LRV traverses . 
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(Cont i n ued) 

o Science experiment equi pment  w i l l  be t ransported by the L RV on ly .  Opera t i on 
of the sc i ence equi pment wi l l  be done only when the L RV i s  stopped. 

7. 1 .  2 Con t i ngency Operat i ng Profi l es 

Operat i ng p rofi l e s  fo r cont i ngencies depend upon the spec i f i c  con ti ngency 
expe rienced. The fol l ow i ng paragraphs con tai n  operat i ng  profi l es for a 
se lected number of cases . 

7 . 1 . 2 . 1  L RV Opera t i ng  P rofi l e  wi th Fai l u re o f  Tract ion Dri ve Un i ts 

The ope ra t i ng profi l e  for a cont i ngency caused by fai l ure of a t raction dri ve 
assemb l .v ( rootor or harmoni c  dri ve ) would  be the same as that for normal ope ra
t i on wi th the fol l ow ing  except i ons : 

a .  The spec i fi c  t ract ion dri ve would be uncoupl ed to al l ow "free whee l i n g "  of 
th at t ract i on dri ve and dri ve power and control to tha t  t racti on dri ve 
wou l d  be swi tched off. ( Bra k i ng for the uncoupled wheel woul d be l os t ) .  

b .  Speed/s l ope capabi l i ty woul d be l i mi ted to that shown i n  Appendi x A .  

NOTE 

1 .  I f  the right rear tracti on dri ve i s  de coup 1 ed ,  the s peed 
i ndi ca t i on on the console  speedometer wi l l  not funct i on .  

2 .  I f  two t raction dri ves a re  decoupled,  the navi gat ion odo
me te r  w i l l  not functi on. 

7 . 1 . 2 . 2  LRV Operat i ng Profi l e  wi th Fai l ure o f  One Steering  Motor 

The operat ing prof i l e  for a cont i ngency caused by a fai l ure of one s teeri ng 
motor woul d be the s ame as for the nonnal profi l e  wi th the fol l owi ng e xcepti ons : 

a .  Power to the d i s abl ed 5 teeri ng mo tor  woul d b e  swi tched off. 
b.  The steering decoupl i ng mechani s m  for the d i s ab l ed steeri ng motor wou l d  be 

acti vated by the c rew . (Th i s  act ion  i s  reve rs i b l e  for the rear s teeri ng 
motor only ) . 

c .  The m i n i mum turn i ng rad i us of  the veh i cl e  wi l l  b e  6 . 2  me ters as opposed 
to 3. 1 meters wi th both s teeri ng motors ope rab le .  

7 . 1 . 2 . 3  L RV Opera t i ng Profi le  wi th Fai  1 ure of One Batte ry 

In  the e vent  of fai l ure of  one batte ry ,  a l l swi tches wou l d  be set  to sel ect the 
appropri ate busses be i ng s uppl i e d  power from the rema i n i ng ope rab l e  batte ry .  
For e xample , i f  Battery No. 1 fai l s ,  a l l cont rol panel se l ecti ons showi ng use 
of Bus A woul d be swi tched to select  Bus C, s i nce Bus C i s  supp l ied  power from 
Battery No. 2 Each batte ry  i s  capab l e  of carry i ng the ent i re power l oad of 
the L RV .  

Mi !> s i on J Gas i c  Date 1 2/4/70 Cnange Da te __ 4...;/_1_9 ... 1_7_1 __ >uge 7 - 3  
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The temperature ri se i n  the rema i n i ng operabl e battery wou l d  be· greater ,  howeve r ,  
caus i n g  the battery temperature t o  reach i ts .upper 1 i m i t  i n  a shorter t ime as 
shown i n  Appendi x A .  

Range woul d be l ess , the speci fi c amount dependi ng on the poi n t  i n  the mi s s i on at 
wh i ch the fai l ure occurs . Consul t Appendi x A for range capabi l i ties . 

7 . 2  l G  TRAINER OPERATING PROFILE  
7 . 2 . 1  Normal l G  Trai ner Operati ng Profi l e  

The l G  Trai ner i s  desi gned for nomi nal operati on i n  accordance wi th the profi l e  
shown i n  f i gure 7-2 . 

7 . 2 . 1 . 1 

o Sorti e begi n s  with ful ly charged batteries i ns tal l ed i n  the vehi c l e  and enough 
charged batteries or chase veh i c l e  power avai l ab l e  to support the durat ion and/ 
or l ength of the sort i e .  ( See Append i x  B for battery capabi l i ty) . 

o Sci ence stops shou l d  be schedul ed a t  poi nts i n  the sort i e  corres pondi ng t ime 
w i s e ,  to battery change -out requi rements . 

o Battery change-out wi l l  be accomp l i shed wi thout remov ing  power to the nav i ga
t i on system when changeout mus t be done i n  mid-sort i e .  

o Sorti e t i me  i s  not l i mi ted by trai ner capabi l i ty except for battery l i fe 
l i mi tati ons , and sun ang le  i f  sun i s  used for gyro update . 

NOTE 

Pre-cal i brated check poi nts can be used i n  pl ace of 
sun for head i ng reference . Th i s  option a l l ows use of 
the l G  Tra i ner on cl oudy days , etc . and does not 
requ i re ephemeri s data. 

o The normal sort i e  wi l l  be accompl i shed with a l l four traction dri ves and both 
steeri ng assembl ies acti v�. 

o Dur i n g  the sort i e ,  s tops wi l l  be ma de at peri odi c  i nterval s  to update the 
navi gati on sys tem . At these stops the crew wi l l  a l so repori temperatures 
of trac ti on dri ves and batteri es and state of charge of each battery .  

NOTE 

Navi gati on updates wi l l  be performed only i f  i ndi cated 
heading  d i ffers from cal cul ated headi ng by more than 2° . 

o The navi gation system wi l l  rema i n  energi zed throughout the sorti e .  

o Dri v i ng speed dur ing  the sortie wi l l  be varied a t  the crew ' s  di scret i on .  The 
speed profi l e  for the sorti e l eg wou ld  beg i n  at zero , accel erate and dece lerate 
to avoi d obstac l es , ma i ntai n constant speed over very smooth surfaces , 

M 1 :. � 1 on J 
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dece l e r� te to oose rve geo l og i c  features , reacc� l t:! r,l to:? for· � r i v 1 11 y  d l l d  ,;t:ct• ; ,. 
ra t ing to a stop a t  sci ence �tati ons . Speed · wi l l  vary between zero and 1 6  
km/hr .  

7 . 2 . 2  Conti ngency Opera ti ng Profi l es 

Opera ting  profi l es for conti ngencies  depend upon the speci fi c conti ngency e x 
per ienced . The fol l owi ng  paragraphs conta i n  operati ng profi les  for a se lected 
number of cases . 

7 . 2 . 2 . 1  Operat i ng Profi l e  wi th Fai l ure o f  Traction Dri ve Uni t 

The operat i ng  profi l e  for a conti ngency caused by fa i l ure of a tract i on dri ve 
assembly (motor or gear box )  wou ld  be the same as that for normal operat i ons 
wi th the fol l owing excepti ons : 

a .  The spec i f i c  traction dri ve wou l d  be uncoupled to al l ow free whee l i ng of 
that traction dri ve and dri ve power and control to that tracti on drive 
woul d be swi tched off . 

NOTE 

1 .  Decoupl i ng of l G  Trai ner tracti on dri ves requi res a mech
ani c to physi ca l ly  do the decoupl i ng .  S i mul ated decoupl i ng 
devi ces a re prov ided for s i mu l a ti on of astronaut interface , 
but wi l l  not actual ly provi de the decoupl i ng .  See Sect i on  8 .  

2 .  I f  the ri ght rear tracti on dri ve i s  decoupl ed , the speed 
i nd i cator on the console  wi l l  not functi on . 

3 .  I f  two tract ion dri ves a re decoup led ,  the nav i gat ion odometer 
wi l l  not functi on .  

7 . 2 . 2 . 2  Operat i ng Profi l e  wi th Fai l ure o f  One Steering  Motor/Gear Red�cer 

The operat ing profi l e  for a co-nt i ngency caused by a fai l ure of one s teeri ng 
motor wou ld  be the s ame as  for the normal p rofi l e  wi th the fol l owing exceptions : 

a .  

b .  

Power to the d i s abled s teeri ng  motor/gear reducer woul d be swi tched off .  

The s teeri ng arms wou ld  be cl amped by a techn i c i a n .  

NOTE 

The s i mu l a ted s teeri ng decoupl i ng ri ngs provi ded for 
c rew i nterface wi l l  not effect s teeri ng  decoupl i n g .  

c .  S teeri ng rad i us woul d be twi ce as great as wi th both motors operab le . The 
dri ver  shou ld  exerc i se g reater cauti on when avo i di ng obstacl e s .  

M i s s i o n  J 
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SECTION 8 
l G  TRAINER NON-CREW 

PROCEDURES 

8 . 0  I NTRODUCTI ON 

Th i s  section conta i n s  procedures to be performed by personnel other than crew 
members i n  support of l G  Trai ner Operations .  E l ectrical bl ock d i a grams for 
the l G  Tra i ner are provided i n  Figures 8-1 through 8-8 . 

8 .  1 GENERAL PROCEDURES 

8 . 1 . 1 Vi sual I nspection 

Prior to, and at the concl us ion of ,  each sortie  or mi s s i on , vi sua l ly  i nspect 
the veh i c l e  for the fol l ow ing :  

a .  F i n i s h  or  surface damage 
b .  Structural i ntegrity o f  parent materi al s ,  wel ds , and other me chani cal 

joi nts 
c .  Loose fasteners 
d .  E l ectri cal cable abrasion,  frayi ng,  tempe rature damage , shorti ng , l oose 

connector 
e .  Hydraul i c  l i ne damage 
f. Ev idence of mechani cal i nterference 
g .  Dus t o r  debri s i n  s uspens ion and steeri ng joi nts and bushings 
h .  Brake , battery ,  or shock absorber l eakage 
i .  General confi guration 

R . l . 2  General Repa i r  

Any d i screpant i tem noted duri ng thi s  
i nspecti on mus t be corrected prior to 
veh ic le  ope ration.  

8 . 1  . 2 . 1  F in i sh or Surface Damage 

Al l unpa inted al umi num s urfaces may be touched up i f  requi red by use o f  the 
processes speci fied in M IL-C-5541 Type I ,  Grade A or B ,  Cl ass I .  I nformation 
covering pai nted surfaces i s  carried on the appropriate p iece-part drawi ng.  
Sharp ni cks or any l ocal surface deformation whi ch coul d be a stress ri ser 
shou l d  be bl ended to the surrounding surface and refi ni shed. 

8. 1 . 2 . 2  Structural I ntegri ty 

Loss of structural i ntegrity or permanent deformation i n  the chass i s , sus
pens ion . or any l oad beari ng member shoul d be  cons i dered grounds for i mmediate 

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/ 1 9/71 Page 8-1 
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d i sconti nuance of vehi cle operati on .  Eng1 neer; ng support shoul d be sol i c i ted 
for s pec i fi c  repai r i nstructi ons . 

8 . 1  . 2 . 3  Loose Fasteners 

Re ti ghten fasteners . Repl ace any damaged threaded i nsert.  Veri fy that the 
appropr iate l ocki ng medi um was used .  

8 . 1 . 2 . 4  Cabl e Damage 

Repl ace the wi re i f  conductor damage has occurre d .  I f  damage i s  l i mi ted to 
i nsul at ion ,  repa i r  wi th tape , shri nk tubi ng or a l i ke materi al wi th i nsul ating 
and moi s ture resi s tant properti es s i mi l ar to the ori g i nal materi a l . 

8 .  1 . 2 . 5  Hydraul i c  L i ne Damage 

Repa i r  us i ng conventional techni ques . 

8 . 1 . 2 . 6  Mechani cal I nte rferences 

Steeri ng/suspens i on i nte rference may be caused by i mproper gai n  sett i ng 
( Section 8 . 2 . 3 . 1 ) .  Inspect i nterference to determine cause and treat any 
permanent structural deformation as a l os s  of structural i ntegri ty . Repl ace 
any damaged component or subassembly that has caused or resul ted from the 
i nterferences . 

8 . 1  . 2 . 7  Dus t  or Debri s 

(See c lean i ng . ) 

8 . 1 . 2 . 8 Leakage 

Repl ace leak i ng component on s ubassembly - see c l ean i n g .  

8 . 1  . 2 . 9  Confi guration  

The veh i c le  confi gura ti on shou l d  be as descri bed i n  the top assembly drawi n g .  

8 .  l .  3 Cl ean i ng 

At the conc l us i on of each veh i cl e  m is s i o n ,  remove any accumu l a t i on of sand , 
dust , or other fore i gn mater ia l . Cl ean hydraul i c  fl u i d  or l i ke contami nation 
w i th a Freon Degrease r ,  or equ i va l ent .  Battery e l ectrol i te (KOH ) shoul d be 
treated i n  accordance wi th spe c i fi c  i ns tructi ons ( Secti on 8 .2 . 8 . 5 ) . Do not 
apply adhe s i ve backed tape to the e l ectri cal cables because l ater removal 
may a l so remove the s i l ver coa t i ng . 

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/1 9/71 Page B-lC  
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8 . 1  . 4  Storage 

a .  

b .  

Long Term S torage . The veh i c l e  shou l d  be stored i ns i de a· control l ed access  
area wherein the amb i ent temperature i s  70 + 20°F and the rel ati ve humi di ty 
does not exceed 90 percent .  Batteries should be removed and stored 
separate ly .  Per iod ic  v i sual i nspect i on shou l d be made of the veh i cl e  as 
defi ned i n  Sect i on 2 . 1 . 1  and the amb i ent cond i t i ons shoul d  a l so be 
moni tored . 

Short Te rm Storaae .  For overnight o r  other short term s torage the veh i c le  
should be covere ; howeve r ,  batteri es need not be remove d .  Ambient con 
di ti ons mus t be wi th i n  a range of -20° F  t o  +l 20°F , wi th rel at ive humi d i ty 
1 ess than 100 percent .  

8 . 1 .  5 Safety Cons i derati ons 

Veh i c l e  operat ion shou l d  not be attempted by untra i ned personnel because of 
i ts uni que control and handl i ng character i s t i c s .  Dri v ing  s k i l l s mus t be 
deve l oped only a fter a peri od of verbal di rect i on and checkout ,  fol l owed by 
actual operati on under the survei l l ance of an i ns tructor .  Under no c i rcum
s tances shal l veh i c l e  operation be other than speci fied  i n  thi s  Opera ti0n 
Manua 1 . 

Veh i c l e  des i gn spec i ficati ons requ i red that a 
mi n i mum of three whee l s  support the veh i cl e  a t  
a l l  t i mes . Opera t i on of the vehi c le  over 
terra i n  where i n  two wheel s  support the en t i re 
veh i cl e  may cause seri ous structural damage.  

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4/ 1 9/7 1  Page 
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8 . 2  
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SPEC I FI C  PROCEDURES 

Chas s i s  

V i s ual ly  i nspect i n  accordance wi th Secti on 8 . 1  . 1 .  No addi t iona l  adjus tment 
or mai ntenance i s  requi re d .  

8 . 2 . 2  Hand Control ler  

No  peri odi c adjustment or  ma i n tenance is  requi red  on  the uni t .  Hand con tro l ler  
characteri s t i cs are shown i n  F i gures 1 -1 2 ,  1 -1 3  and  1 -1 4 .  

8 . 2 .  2 .  l Lubri cation and C l eani ng of the Hand Control ler  

Thi s  operati on shoul d be  done at a maxi mum of 300 hour i nterva l s .  Cl eaning 
and re l ubri cating has  to be done w i th the hand control l er removed .  The s l i de 
attached to the boot shoul d  be removed from the hand control l er  assembly dur
i ng th i s  operati on to prevent damage to the boot. 

Wi th the hand control l er  removed (see Secti on 8 . 3 . 1 ) ,  cl ean the uni t t horough ly . 
Cl ean al l gear meshes and rubbi ng surfaces wi th "Freon Degreaser" cl ean i ng 
fl u i d  ( d i s pensed from a pressuri zed can)  or equ i va l ent .  Rel ubri cate a reas 
wi th Dow Corn i ng "MOLYKOTE"  or equi val ent .  

8 . 2 . 3  Sus pens ion  

Suspens i on clearance and a l i gnment procedures wi l l  be requi r�d on ly  i f  removal 
or rep l acement procedures have been performed on suspens i on and rel ated 
tract ion dri ve or s teeri ng l i nkages .  No suspens i on ma i ntenance i s  requi red 
other than as pa rt of the pre and post sort i e  vi s ual i nspection of the vehi c l e  
( Secti on 8 . 1 . 1 ) . 

8 .  2 .  3 . 1  C learance and Al i gnment Adj us tments 

a .  Locate veh i c le  on l evel surface . 

b .  Load veh i cl e  wi th 520 pounds d i s tri buted as  fol l ows : 

245 l b .  dri ve r  seat 
245 l b .  passenger seat 
1 30 l b .  equal ly d i s tri buted over rear 

NOTE : I f  the veh i cl e  i nc ludes any of the fol l owi ng :  LCRU , h i gh gai n  
antenn a ,  camera , rear-deck pay load  package s ,  the s tated 1 30 
pound rear-deck pay load  sha l l  be decreased accordi ngly . 

M i s s i on J Bas i c  Date ----� 1 2/4/70 Change Date 4/ 1 9/71 Page 8-1 2 
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c .  Use tors i on bar bracke t screws to pos i ti on adjus tabl e tors i on bar reta ine r  
unt i l  3 5  em mi n imum ground c learance exi s ts when meas ured a t  the crew 
compartment corners . 

d .  I f  inadequate adjus tment exi s ts remove the tors i on ba r ( see Section 8 . 3 . 2 )  
and rotate one addi ti onal  spl i ne .  

e .  Apply power to both s teering systems and pos i tion at el ectri cal zero . 

f .  Lay a s traight edge across the center o f  the drive cover of both l e ft 
s i de tracti on drive assembl ies . 

g .  I f  a c l earance of more than 1 / 1 6  i nch exi s ts between the cover and 
s traight edge , unl ock one (or both i f  requi red )  s teeri ng t i e  rod and 
adj ust unti l s trai ght edge is f1 at  on both hubs . 

h .  Repeat the procedure u s i ng ri gh t s i de tracti on d ri ve as semb l i es .  

i .  Lock t i e  rod nuts . 

j . Locate veh i c l e  wheel s on teflon pads or other l ow fri cti on mater i a l . 

k .  Attach a protractor to the dri ve cover of both fron t tract ion dr ive 
as semb l i es .  

l .  Apply front s teeri ng power and e l ectri cal l y  zero the steeri ng .  

m .  Zero the protrac tor, a l l owing adequate c l earance for compl ete s teering 
movement .  

n .  Record steeri ng di sp l acement a t  both wheel s  whi l e  applying  ful l s teeri ng 
command i n  both l eft and ri ght turn di rect ion .  

c�:!!:·::D 
I nte rference may occur between the wheel , fender 
and s teering l i nkage . 

o .  I f  i nterference occurs , adj ust potentiometer R l6  o f  pri nte d  wi ri ng 
board RTV 202 1 7  in the CW d i rection . 

p .  T ri m  potentiometer Rl 6 unt i l  i n s i de wheel d i sp l acement i s  48° mi n i mum. 

q .  Repeat procedure for rear s teeri ng .  
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Acceptance test  data on s teer i ng  operati on and hand control ler  pos i t i on versus 
wheel angles i s  presented i n  Table 8-1 for reference only .  

8 . 2 . 4 Tracti on Dri ve 

No Tracti on Dri ve adjus tments are requi red ;  howeve r ,  each uni t  can be mech
an ica l l y  decoupled to s imu l a te LRV degraded operati on or to permi t towi ng 
wi thout back-dri v ing  the motors ( see Section 8 . 2 . 5 . 3 ,  a through c ) .  The 
prevent i ve mai ntenance descri bed i n  secti ons 8 . 2 . 4 . 1  through 8 . 2 . 4 . 3  i s  
neces sary .  

8 .  2 . 4 . 1  Pre and Post Mi s s i on 

Vi sual ly  i nspect per Sect ion 8 . 1 . 1 . 

8 . 2 . 4 . 2  Every 50 Hours of Operation 

Cl ean ai r fi l ter as fol l ows : 

a .  Remove tracti on dr ive bl ower. 
b .  Remove fi l ter materi al . 
c .  C lean o r  wash i n  water .  
d .  Dry and  re- insta l l . 

8 . 2 . 4 . 3  Every 200 Hours of Operation 

Rel ubri cate gearbox as  fol l ows : 

a .  Remove tracti on dri ve assembly from the veh i c l e .  
b .  Remove hub assembly wi th dri ve cover and outer beari ng by removi ng the 

e i ght brake d i s c  screws . 
c .  Secure brake d i sc  to k i ng p in  by t ie ing two p l aces , us i ng hub moun t i ng 

screw hol es . 
d .  D isconnect gearbox thermostat retai ner band . 
e .  Remove any cable cl amps , ties or res trai nts as  needed and work gearbox 

thermostat cabl e through gearbox fl ange as far as pos s i bl e .  
f .  Remove gearbox mount i ng sc rews . 

Do not remove the brake d i sc  and seal or damage 
the thermostat cabl e .  

g .  Remove the three p l anetary s tages and degrease . 

h .  Degrease the gear hous i ng .  

M i s s i on J Bas i c  Date 1 2/4/70 
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Steering Proportionality 

H a nd Control l e r  Degn'cs Rotation of Wh eel from Ne u t r n l  Pos i t ion 
.\ ngl E' L F  Wheel R F  \\'hc> e l  
Right Soft Stop ( S .  S)  15 26 

Right H. S. 19 - 1/2 49 - 1/4 
Left S. S.  29 17- 1/2 

Ler. H. S. 48- 1/2 2 1 - 1/2 

NOTES : 1 .  DATA IS FOR REFERENCE ONLY 
2 .  DATA I S  FROM lG TRAI NER ACCEPTANCE TEST 

LR WhCl• l  

28 

48  
16  

21  

TABLE 8- 1  l G  TRA INER STEERING OPERAT I ON DATA 

R R  Wheel 

16 - 1/2 

2 1 - 1/4 
26 

5 1 - 1/2 
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i .  Repack a l l  p l anetary gears and bearings wi th RTV 21 1 1 9 -001 l ubri cant .  
j .  Reassemb l e  gearbox and veri fy tha t the output s tage beari ng i s  seated 

aga i ns t  the reta i n i n g  r ing .  
k .  Re-assembl e .  

8 . 2 . 5  Wheel s 

Wi re wheel s or pneumat i c  t i res may be i nte rchanged as sets . 

8 . 2 .  5 . 1  W i re  Whee l s  

V i sua l ly i nspect i n  accordance wi th section 8 . 1 . 1 . D i scont i nue wheel use _ _  

when wi re breakage approaches 200 wi res . Loose tread s tri ps may be wi red 
i n  p lace,  s i nce di sassembly i s  not pract i cal . 

8 . 2 . 5 . 2  Pneuma t i c  T i re s  

Vi sual ly  i nspect i n  accordance wi th Sect ion 8 . 1 . 1 .  Repa i r ,  us i ng conventi onal 
commerci a l  t i re  techni ques . For most operat ions i n fl ate the t i re to 30 ps i g  -
approx imately 1 3 . 9  i nch rol l i ng radi us { as measured from the hub center to 
the operat ing  surface ) .  Do not exceed 40 ps i g . Ai r pres sure may be reduced 
for soft soi l operat ion .  

8 . 2 . 5 . 3  Wheel Decoupl i ng 

Th i s  procedure i s  for decoupl i ng any of the four wheel s .  Nonfuncti ona l  
decoupl i ng cl i ps a re  i n s ta l l ed on each wheel for LRV  s i mu l ation . The actual 
decoupl i ng i s  accompl i shed by repl aci ng dri ve hubs wi th bl anks . 

a .  Hand Control l e r - parki ng brake posi t i o n  wi th thrott l e  control i n  neutral . 
b .  DRIVE POWER Swi tches { 4 )  - OFF .  
c .  STEERING Swi tches ( 2 )  - OFF . 
d .  + 1 5  VDC Swi tch - OFF .  
e .  Remove the  s ix  Phi l l i ps-head s crews from the hub of the wheel to  ce · de -

coupled  ( fi gure 8-9 ) . · 
f .  Remove the dri ve hub .  
g .  Obta i n  a b lank  "decoupl i ng" hub .  
h .  I ns ert the bl ank hub i n to the wheel . 
i .  I ns ta l l the s i x  screws i nto the b l ank hub to secure the hub to the whee l . 
j .  Noti fy crew to resume operat ion .  

8 . 2 . 6  

8 .  2 . 6 .  1 

Brakes 

Brake Adjustments - Maxi mum Stoppi ng Effort 

a .  I ns tal l l ong master cyl i nder actuating l e vers on both cyl i nders and 
connect external spri ngs . 

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 4 / 1 9/71  P age 8-1 6 
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DRI VE HUB ( REPLACED BY BLANK 
HUB TO EFFECT WHEEL 
DECOUPLI NG)  
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LS006-002-2H 
LUNAR ROVI NG VEH I CLE 
OPERATIONS HANDBOOK 

NOTE : I f  l ever operati on resul ts  i n  a s pongy effect or i n  bra·kes wi th 
l eak down , bl eed the sys tem of entrapped a i r  before proceedi ng . 

b .  Connect cable  cl evi s to the top l ever hol es . 

c .  Wi th the hand control l er forward (brakes off ) , concurrently adjust 
cabl e l engths at the hand contro l l er yoke for both master cyl i nders . 

( 1 )  Mai ntai n hori zontal pos i tion of the yoke ( equal i zed l oad ) . 
( 2 )  Adj ust l ength unt i l  the brake pul l ey pos i t ion i s  as shown i n  

Fi gure 8-1 0 .  Mai ntai n correspond i ng rel at i ve rotationa l  pos i tion 
between pul l eys . 

( 3 )  Mai nta in  cl earance between the actuation l eve r and the mas te r  
cyl i nder p i ston wi th c l ev i s  adjus tment.  

d .  Remove master cyl i nder covers and veri fy fl u i d  l evel . 

e .  Concurrently adjust the actuati on l ever pos i tion (wi th the c levi s )  unt i l  
no cl earance exi s ts between the l e ver and p i s ton . Cont inue to adjus t 
unti l appl i cation and rel ease of the brakes wi th the hand contro l l e r  
resul ts i n  the absence of a n  o i l s pout i n  the f l u i d  reservoi r .  

f .  Readj ust the clevi s (es ) the mi n imum amount necessary for con s i s tent 
occurrence of the oi l spou t .  

g .  Re-veri fy fl u i d  l evel and i n s tal l the reservo i r  cover.  

h .  Braking effort may be veri fi ed as fol l ows : 

( 1 )  Adapt a 200 ft. l b .  capaci ty torque wrench to the center of a 
bl ank tracti on dri ve cover ,  RTV 2061 3 .  ( A  5/8 di ameter h i gh 
s trength socket head bol t may be used ) . 

( 2 )  I ns tal l adapted cover i n  pl ace o f  any exi s t i ng dri ve cover.  
( 3 )  Remove veh i cl e wei ght  from the tracti on dri ve . 
( 4 )  Set the hand control ler to the park pos i ti on .  
( 5 )  Attach torque wrench with 7/8 i nch s ocket to the adapter cove r .  
( 6 )  Torque with wrench unt i l  the wheel rotates - i ndi cated va lue  shou l d  

be approximately 1 95 ft . l bs .  

NOTE : I f  s ubstanti al ly  less  torque i s  measured the nonl i near pul l ey 
may be i n correctly pos i tioned and the procedure shoul d be 
repeated s ta rt ing  at S tep  8 .2 . 6 . l . c .  

170 D t 4/ 1 9/7 1  Page 8- 18  
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FIGURE 8- 10  1 G  TRAINER BRAKE L I NKAGE 
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Brake Adjus tments - Degraded Operat ion 

a .  Insta l l  l ong mas te r cyl i nder actuati ng l evers on both cyl i nders and 
connect external spri ngs . Veri fy reservo i r fl u i d  l evel . 

NOTE : I f  l ever operation resu lts  i n  a spongy effect or i n  b rakes whi ch 
l eak down , bleed the sys tem of entrapped a i r  before proceedi ng . 

b .  Connect cable clev i s to the l ower l ever hol e s . 

c .  Wi th the hand control l e r  forward ( brakes off) , concurrently adjust  cabl e 
l engths at the hand con tro l l e r  yoke for both master cyl i nders . 

( 1 )  Ma i ntai n hori zontal pos i t i on of the yoke ( equal i zed l oad ) .  
( 2 )  Adj ust l ength un t i l  the b rake pul l ey pos i t i on i s  as shown i n  

F i gure 8- 1 0 .  Cont i nue adj us tment , shorten i ng cable l ength to 
maxi mum amount poss i b l e .  Mai nta in  correspondi ng rel at i ve 
rota ti onal pos i ti on between pul l eys . 

( 3 )  Mai nta i n  cl earance between the actuati on lever and the master 
cyl i nder p i s ton wi th c lev i s adjustment .  

d .  Concurrently adjus t  the actua t ion l evel pos i tion ( wi th the c lev i s )  unti l 
no c learance exi s ts between the l ever and p i s ton . 

e .  Brak i ng effort may be ver i fi ed as  fol l ows : 

( 1 )  Adapt a 200 ft . 1 b·. capa c i ty torque wrench to the center of a 
b lank  tract i on dri ve cover ,  RTV 2061 3 .  ( A  5/8 i nch d i ameter h i g h  
s trength socket head bol t may be  used ) . 

( 2 )  I ns ta l l  adapted cove r i n  pl ace o f  any exi sti ng dri ve cover .  
( 3 ) Remove veh i cl e  wei ght from the tracti on dr ive . 
( 4 )  Set the hand contro l l er to the pa rk pos i t ion . 
( 5 )  Attach torque wrench w i th 7/8 i nch socket to the adapter cover. 
( 6 )  Torque wi th wrench unti l the wheel rotates - i nd i cated va lue  s houl d 

be approxi ma tely  60 ft . l bs .  

NOTE : I f  subs tanti a l l y  more torque i s  measured , i ns ta l l  short mas ter  
cyl i nder actuat i n g  l evers and repeat the procedure . 

8 . 2 . 7  S teering Un i t  

No adjus tn�nts are requi red to the s teeri ng gearboxes after i n s ta l l at i o n .  

8 .  2 .  7 . 1  Clean and Rel ubricate Steeri ng Gearboxes 

Th i s  ope rat ion shou l d  be done at not less  than 50 hour or more than 300 hour 
i n te rva l s .  Because of the i n access i bi l i ty of the front s teeri ng  uni t , cl ean 
and l ubri cat ion procedure shou l d  be accomp l i shed , i f  the front cover panel 

M i s s i on J 
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has to be removed for other servi ce opera tions ( not to exceed 50 hours as 
ment ioned prev ious l y ) . 

Cl ean i ng the s teeri ng gea rboxes shou l d  be done by fi rs t  b lowi ng out any di rt 
or dust wi th compressed a i r. Gears are to be c l eaned wi th " F reon Degreaser" 
f l u i d  or equi val ent .  Rel ubri cate the gea r teeth wi th Dow Corn i n g  "MOLYKOTE" 
or equi val ent .  

8 . 2 . 7 . 2  S teering Decoupl i ng 

a .  Veri fy the c rew has manual ly pos i ti oned the forward or rear  whee l s  (wh i ch 
ever i s  to be s i mul ated as the decoupl ed wheel s )  to the s trai ght ahead 
pos i ti on .  

b .  Hand Control l e r  - park i ng brake pos i t i on with thrott l e  control i n  neutra l . 
c .  DRI VE POWER Swi tches ( 4 )  - OFF .  
d .  STEERI NG Swi tches - OF F .  
e .  Obtai n  two steeri ng arm cl amps . 

f .  Pl ace s teeri ng arm c l amp on the l e ft and ri ght hand s teeri ng anns , i n  
such a pos i ti on that the cl amps are butted agai nst the outs i de o f  the 
chas s i s  frame where the s teeri ng arms pass through the frame ( fi gure 
8-1 1 ) .  

g .  Open the FORWARD STEERI NG C i rcu i t  Breaker on the d i spl ay and control con 
sole i f  forward s teeri ng  arms were c l amped . Open the REAR STEERI NG 
Ci rcui t Breaker i f  the rear s teeri ng a rms were cl amped . 

h .  Noti fy crew to resume ope rati o n .  

8 . 2 . 8  Dri ve Power 

The Drive Power Subsystem consi s ts of a Control El ectroni cs package , two 
Dri ve Contro l l ers , and two 34 VDC Ni -Cad batteri es .  

8 . 2 .  8 . 1  Control E l ectronics 

No peri odic adj us tment or ma i n tenance i s  requi red . I nspect the exteri o r  
accordance wi th Secti on 8 . 1 . 1 

8 . 2 . 8 . 2  Dri ve Control l e r  

No peri odic adj ustment o r  ma i ntenance i s  requi red.  I nspect the  exter ior  
accordance wi th Secti on 8 . 1 . 1 . 

i n  

i n  
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Battery Change-Out 

Changeout of l G  Trai ner batteri es can occur i n  two di fferent operational condi 
ti ons : ( 1 )  when the na vi gati on system i s  to rema i n  on duri ng changeout , an d 
( 2 )  when the navi gation system may be off during changeout . The fol l owi ng 
procedures defi ne both cases . 

a .  When the navi gati on sys tem i s  to rema i n  on : 

1 )  DRIVE POWER Swi tches ( 4 )  - OFF . 
2 )  STEERING Swi tches ( 2 )  - OF F .  
3 )  + 1 5VDC Swi tch - OFF .  

NOTE 

l G  Trai ner Batte ry  #1 i s  on the ri ght s i de ,  
Battery #2 on the l eft s i de .  

4 )  I f  changi ng out Battery # 1 , open BAT 1 BUS A and BAT 1 BUS B c i rcui t 
breakers . Do not open the BAT 2 ci rcui t breaker or navi gati on power 
wi l l  be l os t .  

5 )  I f  changi ng out Battery # 2 ,  open BAT 2 BUS C and BAT 2 BUS D ci rcui t 
breakers . Do not open the BAT 1 ci rcui t breakers or nav i gation power 
wi 1 1  be 1 os t .  

6 )  P l ace power sel ector swi tch ( fi gure 8-1 2 ) for the battery to be changed 
out i n  the OFF pos i ti on .  Do not operate the selector swi tch for the 
other battery .  

7 )  Di sconnect the battery connector from the battery to be changed out 
( f i gure 8-1 2 ) . 

8 }  Remove the four screws from the battery mounting bracket . 

9 )  L i ft the battery cl ear of the l G  Tra i ner us i ng the handles at ei the r 
end of the battery .  

1 0 )  Obtai n recharged repl acement batte ry .  

1 1 )  Set the rep l acement battery i n  p l ace with the connector i nboard and 
the hol es i n  the mount i ng  brackets a l i gned wi th the screw receptac l es 
i n  the l G  Tra i ner .  

1 2 )  I ns tal 1 the four screws , securi ng the battery to the l G  Tra i ner .  

1 3 ) Connect the battery connector to the battery .  

M i s s i on J Bas i c  Date 1 2/4/70 Change Date 
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8 . 2 . 8 . 3  (Continued) 

1 4 )  P l ace the power sel ector swi tch i n  the BATTERY pos i ti on .  

1 5 )  I f  Battery # 1  was changed out c lose BAT 1 BUS A and BAT 1 BUS B c i r
cui t breakers on the control and d i sp l ay consol e .  

1 6 )  I f  Battery # 2  was changed out , cl ose BAT 2 BUS C and BAT 2 BUS D c i r
cui t breakers on the control and d i spl ay consol e .  

1 7 ) Repeat s teps 4 through 1 6  for the othe r battery .  

b .  When the navi gati on system may be off : 

1 )  
2 )  
3 )  
4 )  

5 )  
6 )  
7 )  

DRIVE POWER Swi tches - OFF.  
STEERI NG Swi tches - OFF .  
+ 1 5  VDC Swi tch - OFF .  
Li rcu i t  Breakers BAT 1 BUS A ,  BAT 1 BUS B .  BAT 2 BUS C ,  BAT 2 SUS D -
Open . 
P l ace power sel ector swi tches i n  OFF pos i t i o n .  
Perfonn s tep a7 th rough a1 4 for both batteries . 
C l ose BAT 1 BUS A,  BAT 1 BUS B ,  BAT 2 BUS C ,  BAT � 6US D Ci rcui t 
Breakers . 

c .  I f  requ i red to perform dust cover s i mul at i on ,  remove dust covers from one 
set of batteries and i nsta l l on repl aced batteri e s .  

8 . 2 . 8 . 4  Battery Recharg i ng 

Each battery wi l l  be d i s c ha rged to a condi t i on bel ow 29 vo l ts when seven amps 
current ex i s ts . 

a .  Remove cl osure cover and a l l  p l a s t i c  f i l l  caps . 

b .  Veri fy presence of l ow-pressure rel i e f  vent screw i n  each f i l l -cap . 

c .  Connect a charg i ng c i rcui t  equi val ent to F i gure 8-1 3 .  

d .  Set power supply current l i mi ter to provi de 1 4  amps . 

e .  Energi ze the power s upply and adj us t vol tage to provi de 1 4  amps out o f  
the supply . 

f .  Ma i nta in  cond i t i on spec i f ied  i n  "e"  for a peri od of 2 hours . Adj ust 
vol tage as  requi red for constant current charg i n g .  

g .  Set power supply to provi de +45 . 5  + 0 . 2  vdc and ma i nta i n  the current 
l i mi ter sett ing  of 14 amps . 

M i s s i on J Bas i c  Date 1 2/4/70 
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h .  Al l ow batteri es to charge for 4 hours or unti l the current fl ow i s  l ess  
than 2 . 0  amps . 

i .  Remove the chargi ng ci rcu i t  from the battery . 

j .  Us i n g the VOM , measure the open -ci rcu i t  vol tage . Vol tage shou l d  be 
greater than +35 VDC. 

k .  Check and veri fy that the l evel of e l ectro lyte i n  each ce l l  i s  v i s i bl e  
at  the bottom o f  the funnel -shaped i nner chamber. 

1 .  Us i n g  a syr inge , carefu l ly add d i s ti l l ed water to each cel l  i f  neces sary 
to bri ng e l ectrolyte to the proper l e vel . 

m .  After charg i n g ,  the batteri es sha l l  be ca refu l l y  ri nsed wi th d i s ti l l ed 
water. 

n .  After r i ns i ng ,  the batteries sha l l  be dr ied .  

o .  Remove batteri es from setup , i nstal l clos ure cove r ,  and  secure from tes t .  

8 . 2 . 8 . 5  Precauti ons for Handl i ng Batteries and El ectro lyte 

The e lectrolyte ( KOII )  i s  a l kal i ne  and corros i ve .  I t  shou l d  be hand l ed wi th 
care ,  s i nce i t  wi l l  cause seri ous burns i f  al l owed to contact eyes or s k i n .  

At s tati ons where hand l i ng i s  done , a suppl � of bo r i c  aci d ,  for eye-burns , 
and a so l ut i on of weak aci d { 5% acet i c aci d ) for s k i n  burns shou l d  be mai n 
tai ned. 

Persons who work wi th batteri es shou l d  wash the i r  hands tho roughly after 
handl i ng them . 

Persons who f i l l  batte ries or otherwi se handle e l ectrolyte shou l d  wear 
a l kal i -proof aprons , g l oves , and a face mask . 

KOH can cause i gn i t i on between poi n ts of  suffi ciently h igh  potent i a l  d i fference . 
F i re exti ngui shers shoul d be avai l ab l e  duri ng battery ope ra t i on and serv i c i n g .  

Batteries shou ld  n o t  be l i fted by one man . 
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8 . 3  PREVENTIVE  MAINTENANCE ASSEMBLY REMOVE AND REPLACE PROCEDURES 

8 . 3 . 1  Removal and Repl acement of the "Hand Control l er"  

Duri ng thi s  operation do not put tape of 
any k i nd on the e l ectri cal cab les . The 
tape wi l l  remove the s i l ver from the pro
tective cabl e cover .  

Removal i s  accompl i shed i n  the fol l owing manner : 

a .  Cut brake rel ease cab l e  ( the sma l l  cabl e that extends rearward from 
the hand control l er mount ) . 

b .  Detach e l ectr ical cables from D isp lay and Control Conso l e .  Cut 
cabl e t ies  as requi red . 

c .  Remove brake cabl es .  

d .  Remove the d i spl ay conso l e  from i ts base . Remove the consol e base 
by removi ng the two "T" pi vot hand l e  p i ns and the two c l ev i s  pins  
at the rear of the consol e bas e .  

e .  Uncoup l e  the el ectri cal connections at the base of the hand contro l l er .  

f .  Remove the four s i de p late mounting screws . 

g .  Remove the four screws from the base of the hand contro l l e r .  

8 . 3 . 2  Suspensi on/Traction Drive - Removal and I nsta l l ati on Procedure 

a .  Remove wei ght from wheel by suspending veh i c l e  at l i ft poi nts , after 
mea suring ground cl ear�nce . 

b .  Remove wheel d i sconnect s imul ator . 

c .  Remove wheel and fender . 

d .  D i sconnect steering t ie  rod a t  steering h i nge . 

e .  Di sconnect traction drive cabl es . 

f .  D i sconnect brake hoses , if  tracti on drive i s  to  be  moved from area . 

M i s s i on J 
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g .  Loosen tors ion bar adJustment screw - one on ly .  

h .  Remove torsi on bar cover screws/cover at outboard suspens i on bracket.  

i .  Remove tors ion bar. 

NOTE : Tors i on bars are not completely interchangeabl e ( cross corners 
only)  and each shou l d  be marked wi th respect to suspens ion fitting to 
assure the same ground cl earance upon re-assemb ly . 

j .  Remove top and bottom k i ng p in  screws and f lat  washers . 

k .  Remove traction dri ve . 

1 . Remove shock absorber . (May ·be removed wi thout prior steps i f  
shock absorber i s  only servi ce i tem . ) 

m .  Remove upper suspension  attachment hardware a t  suspens i on mounting 
brackets . 

n .  Remove outboard suspens i on brackets . Al so remove inboard suspens i on 
bracket i f  serv ice i s  requ i red . 

o .  Remove suspension �rms . 

p .  Remove suspension to king p i n  l i nks ( both arms ) ,  i f  servi ce o f  parts 
requi red . 

q .  To remove i nboard tors i on bar brackets (with adjustab l e  reta i ner ) , 
remove frame mounting screws and remove from the bottom . 
Adjustabl e  retainer may be removed by d i sassembl i ng the tors ion 
bar bracket .  

NOTE : Tors ion bar b�ackets are l i ne bored with  suspensi on brackets 
and are not i nterchangeab le .  

r .  The fixed tors ion  bar retai ner may be  replaced in  the l ower suspension 
by press ing out dowel pins i n  the fl ange and unscrewing fitting .  

NOTE : Fi xed retai ners are dri l l ed on assembly and are not 
i nterchangeabl e .  
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I nspect a l l parts for wear or damage . To reassembl e ,  reverse above procedure . 
A l so :  

s .  Dri l l  l i nk pi ns on assembly i f  repl a ced . 

t .  Ti ghten only the tors i on bar adjustment screw that was l oosPned i n  step 8 . 3 . 2 9 .  

u .  Rea l ign wheel s i f  new traction dr1 ve o r  steeri ng l i nkage i nsta l l ed .  

v .  B l eed brakes i f  l i nes have been opened . 

w .  Veri fy proper ground cl earance a s  recorded during d i sassembl y .  

8 . 3 . 3  Dri ve Power - Removal and Insta l l ation Procedure 

a .  Remove batteries ( see Secti on 8 . 2 . 8 . 3 ) .  

b .  Loosen set screw i n  off-on charge swi tch hand l e  and remove .  

c .  Remove a l l cover screws and hol d  down screws on f i l ter cover and 
control l er a ssembly .  

d .  Di sconnect w ires ( 4 )  from top of fi l ters . 

e .  D i sconnect wi res ( 5 )  from rear of switch a ssembly whi ch come from 
contro l l er below. 

f. T i p  fi l ter and swi tch to one s i de and d i sconnect wi res ( 4 )  from 
l ower s i de of fi l ters . 

g .  Remove swi tch and fi l ter assembly ,  a l l owi ng d i sconnected wi res to 
f low through holes i n  l ower switch and fi l ter p late .  

h .  Remove w i res from TBl i n s i de control l er box .  (Only wi res whi ch 
come from i ns i de tra i ner · chassi s  shoul d be removed . )  

i .  Nuts and washers shou l d  be counted as  i t  i s  important not to l ose 
any hardware i ns i de control l er box or a short c i rcu it  may resu l t .  

j .  Disconnect P2 cannon connector . 

k .  Remove contro l l er box by l i ft i ng and feedi ng wi res through hol e  i n  
bottom of box . 

l .  Remove Control E l ectroni c mounting screws , d i sconnect cables routed 
i nto the box from bel ow ,  and remove package . 

m .  Insta l l  uni ts i n  reverse o f  remova l . 
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8 . 3 . 4  Steeri ng Gearbox Removal and Insta l l at ion Procedure 

a .  Remove Dri ve Power units  as descri bed i n  Section 8 . 3 . 3 .  

b .  Remove transverse structural support member RTV2 1 1 03 .  

c .  Di sconnect cables and remove s i gnal processor uni t .  

NOTE : Thermal contro l s  are hard wi red and may requ i re unsol der i ng . 

d .  D isconnect cables and remove gyro reference uni t with mount i ng 
brackets . 

NOTE : Thermal contro l s  are hard wi red and may requ i re unsolder i ng . 

e .  Detach cab le s  from the front cover panel by removi ng four screws , 
three p l aces for the two battery cabl es and the s i gnal processor 
cabl e .  

f .  Detach cable  from s i gnal processor mounting bracket , RTV-2 1 1 0 5 ,  and 
remove bracket . 

g .  Remove s i mul ated h i nges , front and rea r .  

h .  Remove front and rear cover panel s .  

i .  D i sconnect the steeri ng t i e  rods from the quadrant gear . 

j .  D i sconnect the el ectri cal p l ugs . Detach the two w i res from the 
d i ode mounting b l ock termi nal stri p .  

k .  Remove the two gearboxes to i so l at ion ,  mount bol t s .  

1 . Remove the two bol ts and two screws from the l arge end of the gear
box . 

NOTE : On the rear of the front uni t the nuts on the two bottom 
vert i ca l  screws have to be removed . The ends of the screws are 
s l otted for this  purpose . 
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