
--

-""--""" 

, ... 2 . ( 

INDEXING DATA 

J 

LS006-002-2H 

APRIL 19,1971 

k LUNAR ROVING VEHICLE 
OPERATION$ HANDBOOK 
CONTRACT NASB-25145 

APPROVED: a;UA5.J/ LUNAR ROVING VEHICLE 
SYSTEMS ENGINEERING MANAGER 

PREPARED BY THE BOEING COMPANY 
LRV SYSTEMS ENG INE ERING 

HUNTSVILLE, ALABAMA 

OA lE OPR #f T PGM SUBJECT 
4� 1q -1\ � 1-m-cxn ... -; P<fl> .;;,1{:;.;;.;;.;:;.;;.;..---

S?QIATOR LOC 
-BoE oZ:l.. -5+ 

ZH· 



LS0 0 6-0 0 2-2H 
LUNAR ROVING VEHICLE 

OPERATIONS HANDBOOK 

Reproduction for non-�overnment use of the information or illustrations contained in 
th•� puld •cation '' n'lt perm1tted without specific approval of the issuing service. 

LIST OF EFFECTIVE PAGES 
INSERT L�TEST CHANGED PAut� 

DESTROY SUPERSEDED PAGES. 

TOT/IL NUI�BER OF PAGES IN TilTS PU13LICATION IS 342, CONSISTING OF THE 
FOLLOWINr: 

PAGE IW. 

Title 
A 

i thru viii 
1--1 thru 1-78 
2-1 thru 2-50 
3-1 th�u 3-12 
4-1 thru 4-11 
5-l tht'U 5-4 
601 t.hru 6-18 
7-1 t.hru 7-6 
8-1 thru 8-31 

Tit1e 
(Ar-pendix A' 
A-i tl11·u A-v 
A-·1 thru A-105 

Title 
(ArpE!n�i x B) 
B-i 
B- ii 
13-1 t.hru 13-8 

TSSUF 

19 April 1971 
19 ,ol.pri) 1971 

19 Apri 1 1971 
19 April 1971 
19 April 1971 
19 April 1971 
19 April 1971 
19 April 1971 
19 April 1971 
19 April 1971 
19 April 1971 

19 April 1 �71 
19 April 1971 
19 April 1971 

15 January 1 �71 
15 Jal"u,,ry 1971 
15 Jcmua r.v 1971 
15 January 1971 

Mission J Basic Dat e 12/4{_70 Change Date 4/19/71 Pa9e 

� t . ..
. f. . . 

, · ·.\ ; ... ; • :! 1 : .. ! 
. ... ... -· . . .. , . . 

"'�:·) 1 

. . . . . " 
. . 

.. -: 

• I, �' ' 

A 



LS006-002- 2H 
LUNAR ROVING VEHICLE 

OPERATIONS HANDBOOK 

HANDBOOK CONFIGURATION 

This handbook reflects the Lunar Roving Vehicle (LRV) and Space Support 
Equipn�nt (SSE) delivery review configuration as modified by incorporation 
of the following: 

ECP DESCRIPTION 

LRV 1097 Incorporation of Manual SSE 

LRV 1073 Seat Belt Modification 

LRV 10 75 Rear Steering Recoupling 

LRV 1104 Thermal Blanket 

LRV 1103 Switch Guards 
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1.0 INTRODUCTION 
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SECTION I 

GENERAL INFORMAT ION 

This section contains general information pertaining to the flight operational 
Lunar Roving Vehicle (LRV). Where applicable, the lG Trainer differences are 
noted. 

1.1 DESCRIPTION 

The LRV system on the lunar surface consists of the LRV, the structure for 
securing the LRV to the LM stowage bay and the mechanism for deploying the 
LRV from the LM onto the lunar surface. 

1 . 2 VEHICLE SYSTEMS 

The LRV (figure 1-1) is a four-wheeled, self-propelled, manually controlled 
vehicle to be used for transporting crewmen and equipment on the lunar surface. 
The vehicle has accommodations for two crewmen and the stowed auxiliary equip
ment designed for the particular mission. 

Control of the LRV during traverses is effected from either of the two crewmen 
positions by operating the hand controller located between the two crewmen 
positions. Selection of power supplied to each load, monitoring of key para
meters, and operation of the navigation system is effected from the control 
and display console, which is located for operation by either crewman. 

***lG Trainer Notes*** 

1. lG Trainer vehicle systems 
are shown on figure 1-2. 

2. Electrical block diagrams for 
the lG Trainer are provided in 
Section 8.0. 

----------------- ----
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FIGURE 1-2 lG TRAINER 
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1.3 MOBILITY SUBSYSTEM 

The m obility subsystem (figure 1-3) consists of the chassis and equipment and 
controls necessary to propel, suspend , brake and steer th� LRV. 

1.3.1 Wheel 

Each wheel (figure 1-4, Sh 1) includ es an open wire mesh tire with chevron tr ead 
covering 50 percent of the surface contact area. The tire inner frame prevents 
excessive d eflection of the outer wire mesh frame under high impact load con
d itions. 

E ach wheel has a d ecoupling mechanism (figure 1-5) and can be d ecoupled from 
the traction d rive by operating the two d e coupJinq mechanisms (figure l-10) 
which allows the wheel to "free-wheel" about a bearing ind epend ent of the 
d rive train. This d ecoupling mechanism can also be used to re-engage the 
wheel with the traction d rive. Decoupling d isables the brake on the affected 
wheel. 

* * * lG Trainer Notes*** 

1. The 1 G Trainer tires for primary use are 
pneumatic automobile tires (figure 1-4, Sh 2) 
Special wire mesh wheels are also avail-
abl e for use ·with the lG Trainer. 

2. The lG Trainer has simulated wheel d e
coupling mechanisms to d uplicate the 
LRV-to-Crew interface. Operation of 
this simulated mechanism, however, will 
not effeLt actual d ecoupling. Proced ures 
for lG Trainer wheel d ecoupling are shown 
in Section 8. Wheel d ecoupling on the 
lG Trainer d oes not d i sable the brake on 
the affected wheels. 

1.3.2 Traction llrive 

[cJch wheel is provid ed with a separate traction d rive (figure l-5, Sh 1) consistinq 
of d harmonic d rive red uctjon unit, d rive motor and brake assembly. Each 
traction d rive is hern�tically sealed to maintain a 7. 5 PSIA internal pres-
sure for improved brush lubrication. Each traction d rive al so contains an 
od ometer pickup which transmits a pulse to the navigation system signal pro
cessing t.nit at the rate of nine pulses per wheel revolution. 

Mission J . Basic Date 12/4/70 Change Date __ 4j.JJJ]J.._ Page 1-5 
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***lG Trainer Notes*** 

1. The traction drive for the lG Trainer has a 
3-stage planetary gear box in lieu of the 
harmonic drive, (figure 1-5, Sh 2). 

2. lG Trainer traction drives are not hermetically 
sealed. 

Harmonic Drive 

The four han1mnic drive reduction units transmit torque to each wheel. Input 
torque to the four harmonic drives is supplied by the four electric drive 
motors. The harmonic drives reduce the motor speed at the rate of 8 0: 1  and 
allow continuous application of torque to the wheels at all speeds without 
requiring gear shifting, Speed/torque/efficiency characteristics of the 
harmonic drive units are shown in Appendix A. 

1. 3. 2. 2 Drive Motor. 

The drive motors are direct current series, brush type motors which operate 
from a nominal input voltage of 36 VDC. Speed control for the motors is 
furnished by pulse width modulation from the drive controller electronic 
package. Performance characteristics for the drive motors are shown in 
Appendix A. Suspension system attach' fittings on each motor also form the 
king-pin for the LRV steering system. Each motor is instrumented for thermal 
monitoring. An analog temperature measurement from a thermistor at the 
stator field is displayed on the control and display panel. In addi-
tion, each motor contains a thermal switch which closes on increasing tempera
ture at 4U0°F and provides an input signal to the caution and warning system 
to actuate the waming flag. 

***lG Trainer Notes*** 

1. The lG lrainer drive motors operate fro111 a 
nominal input volta�e of 34 VDC. 

2. The lG Trainer gear hox th0rmal switch will 
actuate the warning flag when a gear box temp
erature reaches 20 0 °�. The indicated tempera
ture, however, will be 450°F to 50 0 °F upon 
actuation, since the readouts are biased. 

3. The lG Trainer motor temperature switch i� 
set to actuate the flag when the motor external 
case temperature reaches 225°F. This tempera
ture at the case would correspond to a rotor 
temperature of about 450 °F. 

Mission __ .J._ __ Basic Date 12/4/70 Change Date 4/19/71 Page 1-12 
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Each traction drive is equipped with a mechanical brake actuated by a cable 
connected to a linkage in the hand controller. Stopping distance capability 
using these brakes is shown in Appendix A. 

Braking is accomplished by moving the hand controller rearward. This opera
tion de-energizes the drive motor and, through a l inkage and cable, forces 
brake shoes against a brake drum which stops the rotation of the wheel hub 
about the harmonic drive. 

1. 3. 3 

***lG Trainer Note*** 

The lG Trainer brakes are hydraulically 
actuated disc brakes. Brakes are actuated 
by the hand controller in the same manner 
as the LRV mechanical brakes. 

Suspension 

The chassis ( figure 1-7) is suspended from each wheel by a pair of parallel 
triangular arms connected between the LRV chassis and each traction drive. 

Loads are transmitted to the chassis through each suspension arm to a 
separate torsion bar for each arm . .  Wheel vertical travel and rate of travel 
is limited by a linear da�per connected between the chassis and each 
traction drive. The deflection of the suspension system and tires combine 
to allow 14 inches of chassis ground clearance when the LRV is fully loaded 
and 17 inches when unloaded. 

Damping energy heats the fluid in the damper. The heat is conducted from 
th� fluid to the damper walls for dissipation. 

The suspension systems can be rotated approximately 135 degrees to allow 
folding and LRV stowage in the LM. 

Mission J 

***lG Trainer Notes*** 

1. lG Trainer suspension is not designed 
to allow folding for LM stowage. 

2. lG Trainer suspension system contains 
only a lower torsion bar on each wheel. 

Basic Date 12/4/70 Change Date 4/19/71 ----
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LRV steering (figure l-8) is accomplished by Ackermann-geometry steering of 
both the front and rear wheels allowing a wall-to-wall turning radius of 
122 inches. Steering is.controlled by moving the hand controller left or 
right from the nominal position. This operation energizes separate electric 
motors for the front and rear wheels, and through a servo system, provides a 
steering angle proportional to the position of the hand controll er. (The 
steering control block diagram is shown in figure l-9). 

Each steering motor is connected to a speed reducer which drives a spur gear 
sector which, in turn, actuates the steering linkage to accomplish the change 
in steering angle. Maximum travel position of the sector provides an outer 
wheel angle of 22 degrees and inner wheel angle of 50 degrees. The steering 
rate is such that lock-to-lock steering can be accomplished in 5.5 (+ 0. 5) 
seconds. · -

The front and rear steering assemblies are mechanically independent of each 
other. In the event of motor/speed reducer failure, the steering linkage 
can be disengaged from the sector, the wheels can be centered and locked, 
and operations can continue using the remaining active steering assembly. 
Steering disconnect points are shown in figure 1-10 . Forward steering re
connecti on cannot be accomp 1 i shed by a crewman. The rear steering reconnect ion 
can be accomplished by a crewman as. described in Section 2.9. 

· * * * lG Trainer Notes* * *  

1. The lG Trainer steering utilizes continuously 
operating steering motor. Hand controller 
movement energizes the appropriate (one of two) 
counter rotating magnetic particle clutches, 
thereby engaging the load and effecting steering. 
A magnetic brake is actuated when the clutches 
are not engaged. 

2. The lG Trainer has simulated steering decoupling 
mechanisms to duplicate the LRV-to-Crew interface. 
Operation of this simulated mechanism, however, 
will not effect actual decoupling. Procedures 
for lG Trainer steering decoupling are shown in· 
Section 8.0. 

1. 3. 5 Hand Controller 

The hand controller (figure l-11) provides the steering, speed, and braking 
conlnands to the drive controller electronics. The drive controller electronics 
then processes these hand controller commands to t� appropriate drive motors 
and steering motors to effect the desired control function. The hand con-
troller is also used as the mechanical brake lever. 

· 

Mission J · Basic Date 12/4/70 Change Date 4/19/71 
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T -HANDLE PIVOT FORWARD - INCREASED DEFL ECTI O N FROM NEUTRAL INCREASES F ORWARD SPE ED. 

T-HAN�LE PIVOT REARWARD- INCREASED DEFLECTION FROM
. 

NEUTRAL INCREASES REVERSE SPEED. 

T -f:ANCLF PIVOT LEFT - INCREASED DEFLECTION FROM NEUTRAL INCREASES LEFT STEE RING ANG LE. 

T -I:ArWLE PIVOT RIG HT - INCREASED DEFLECTION FRO.M NEUTRAL INCREASES RIGHT STEERING MGLl. 

T -HANDLE DISPLACED REARWARD - REARWARD MOVEMENT 1 NCREASES BRAKING F ORCE. FULL 3 JrJCII 

M)SSion __ J __ _ 

REARWARD APPLIES PARKING BRAKE . f.'OV ItiG INTO BRAK E 
POSITION DISABLES THROTTLE CONTROL AT 15° MOVEME NT 
REARWARD. 

F I GliiU:. 1-11 • HAND CONTROLLl R 

REVERSE INHIBIT SWITCH 
(DOWN FOR REVERSE 
INHIBIT) 
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Forward mo vemen t of the han d con tro ller abo ut the T-hand le thro ttle p i vot ax i s  
p roport i on a t e l y  i nc re ases fo rua r d  sp eed. A n eut r a l  dead band ex i st s  for abo u t  
t h e  fi rs t 1 . 5  degrees o f  forward mo t i on .  A cons t a n t  t o 1 � ue o& abo u t  6 i n c h 
pounds i s  req u i red t o  move the hand c o n t ro l l e r  beyond the l i mi t of the dead 
band ( f i gu re  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 a p p ro x i ma t e l y  50 �ercen t ,  at  ea ch dri ve mo t o r, i . e . ,  the motors a re 
a t  50 percent of ma x i mum s peed condi t i on .  The ma x i mum power s e t t i ng i s  
il r h i e ved hy p i vo t i nc the h a n d  c o · 1 t ro l l e r  to the h a rd s top ( ma x i murn� pos i t i on 
, 1 t  <�p p ro x i mil t e l y  1 4  df'qrees . To dece l era te , thP h d n d  c on t ro l l r r  i s  p i vo ted 
t·e ; u-wil rd . Tht:> torqUL'S rf'q u i rec1 o t rP shown i n  f i q u rf' 1 - 1 1. .  To p l ace th e 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 )  d e q re<' 
pos i t i o1 1 . 

-

Wi t h  the re ve rs e  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  c a n  
b e  p i voted forward on l y ,  there by preven ti n g  i na d ve r ten t l y  p l a c i ng the veh i c l e  
i n  re verse . 

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  p l aced i n  
the u p  pos i ti on and the h a n d  c o n t rol l e r  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 cha racteri st ics for reverse a re i de n t i c a l  
t o  forward s peed ope r a t i on a s  s h own by f igure 1 -1 2 .  

T h e  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 rer ti <. 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  th e !i C l e c te d  forward or reverse s peed 
j.Jos i t i on i n  th e crewmen " h an d s  off" cond i t i on .  

1 .  3 .  5 .  2 Stee1· i n g  Control 

P i vo t i rHJ the har rd con t ro l l e r l e f t  o r  r i g h t  abo u t  the rol l p i vo t  po i n t 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 te e r i r 1g con t ro l , l i ke 
t i le  t h r o t t l e r o n t 1·ol . ll<�s rl 1 / 2  degree n e u t ra 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 n e u t ra l  p os 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 di s pl acement a n g l e  .1bout ::he ro ll p i vot 
po i n t  i nc re as es I i ne t:.� ril l l y un t i l  a d i splace ment of il p p rox i ma te l y  9 degrees 
i <;  ,-e ,h :l le d . 1\t the 9 degr�>e pos i t i on ,  a s o ft sto p  i s  en coun tered wh i ch req u i re�, 
" .; te J l - fun c l i on t orque i nc rc c1 s e  o f  5 i n - l bs .  to p i vo t  the h and cont rol l e r  f u r 
t l ll' r outllo,Jrcl f o r  i n c: re a s i n g  t h e  s teer i n g  angle. After pa s s i n g  th•= s o f t  s toj.J 
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