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HANDBOOK CONFIGURATION

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

EGP DESCRIPTION
LRV 1097 Incorporation of Manual SSE
LRV 1073 Seat Belt Modification
LRV 1075 Rear Steering Recoupling
LRV 1104 Thermal Blanket
LRv 1103 Switch Guards
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SECTION I
GENERAL INFORMATION

1.0 INTRODUCTION

This section contains general information pertaining to the flight operational
Lunar Roving Vehicle (LRV). Where applicable, the 1G 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.

L2 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.

***1G Trainer Notes***

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

2. Electrical block diagrams for
the 1G Trainer are provided in
Section 8.0,

e ——

e e S A T ) =
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1.3 MOBILITY SUBSYSTEM

The mobility subsystem (figure'1-3) consists of the chassis and equipment and
controls necessary to propel, suspend, brake and steer thc LRV.

1.3.1 Wheel

Each wheel (figure 1-4, Sh 1) includes an open wire mesh tire with chevron tread
covering 50 percent of the surface contact area. The tire inner frame prevents
excessive deflection of the outer wire mesh frame under high impact load con-
ditions.

Each wheel has a decoupling mechanism (figure 1-5) and can be decoupled from
the traction drive by operating the two decoupling mechanisms (figure 1-10)
which allows the wheel to "free-wheel" about a bearing independent of the
drive train. This decoupling mechanism can also be used to re-engage the
wheel with the traction drive. Decoupling disables the brake on the affected
wheel.

***1G Trainer Notes***

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

2. The 1G Trainer has simulated wheel de-
coupling mechanisms to duplicate the
LRV-to-Crew interface. OQperation of
this simulated mechanism, however, will
not effect actual decoupling. Procedures
for 1G Trainer wheel decoupling are shown
in Section 8. Wheel decoupling on the
1G Trainer does not disable the brake on
the affected wheels.

1.3.2 Traction Drive

Lach wheel is provided with a separate traction drive (figure 1-5, Sh 1) consisting
of & harmonic drive reduction unit, drive motor and brake assembly. Each

traction drive is hermetically sealed to maintain a 7.5 PSIA internal pres-

sure for improved brush lubrication. Each traction drive also contains an
odometer pickup which transmits a pulse to the navigation system signal pro-
cessino wnit at the rate of nine pulses per wheel revolution.

Basic Date 12/4/70 Change Date _4/19/71 _ Paye 15

Mission J -



LS006-002 -2H
LUNAR .ROVING VEHICLE
OPERATIONS HANDBOOK

ASSY
HARMOKIC DRIVE WHEEL ASS

(TYP)

DRIYE MOTOR

(1Yp) REAR CHASSIS

REAR STEERING
MOTOR AND BEAR
REOUCER
STEERING ACTUATOR
AmR (TYP)
OWE R
SUSPENSTON TORSION
ARM . ' BAR (TYP)

UPPER TORS 10N
BAR (TYP)

FIGURE 1-3 MOBILITY SUBSYSTEM

Mission J _Dasic Luate __12/4/70 Cnange Date __4/19/71 Page 1-6



L5006 -002 ~2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

|
|

32.19 DIA.

25.5 DIA
l — TIRE
INNER
FRAME

RIVETS

VIEW A-A
FIGURE 1-4 LRV WHEEL CROSS-SECTION (SHEET 1 OF 2)

Missiun J ‘Basic Dote  12/4/70  (Cpange Date 4/19/71 duge 1-7



LS006-002 -2H
LUNAR ROVING VEHICLE

(¢ 30 Z L33HS) 34114 J1.¥wi3Nd ONY TITHM ¥SNIVYL 91 -1 3z27%Sls

S3IHINI 179 ¥3iNID 1709
SIHONI G02° "VYIQ 3TO0H
032¥dS A1I9AD3 S310H 2L

OPERATIONS HANDBOOK

SIHINI 0762 oy

v-¥ NOILJ3S
4

- - -

ONTY

V10
JsId SIHINT SL°91

1

£ mes; . SR S 5 \/()l

TSIHINT '8
HLOTM 3YTL WNWIXVW

1-8

Basic Date 12/4/70 Change Date 4/19/71 Page

J

Mission



LS006-002 -2H
LUNAR ROVING VEHICLE

OPERATIONS HAN DBOOK

DECOUPLING MECHANI SM FREE -WHEELING

BEARING
DRIVE MOTOR

1_'

CIRCULAR SPLIWHE

Vs

NIC LRIVE™ |

WAVE GENERATOR™

FLEXIBLE SPLINE

SUSPENSION SYSTEM

WHEEL RIM ATTACH FITTINGS

LIRAKL
ASSEMULY

WiLLL HUB

FIGURE 1-5. LRV TRACTION DRIVE ASSEMBLY (SHEET 1 OF 2)
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***1G Trainer Notes***

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

2. 1G Trainer traction drives are not hermetically
sealed.

1.3.2.1 Harmonic Drive

The four harwonic 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 80:1 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 fielc is displayed on the control and display panel. In addi-

tion, each motor contains a thermal switch which closes on increasing tempera-
ture at 400°F and provides an input signal to the caution and warning system
to actuate the waming flag.

***1G Trainer Notes***

1. The 1G Trainer drive motors operate from a
nominal input voltaqge of 34 VDC.

2. The 1G Trainer gear box thermal switch will
actuate the warning flag when a gear box temp-
eralure reaches 200°t. The indicated tempera-
ture, however, will be 450°F to 500°F upon
actuation, since the readouts are biased.

3. The IG Trainer motor temperature switch is
set to actuate the 1lag 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.

F—— J Basic Date 12/8/70 Change Date 4/19/71 _ Page 1-l¢
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1.3.2.3 Brakes

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 linkage and cable, forces
brake shoes against a brake drum which stops the rotation of the wheel hub
about the harmonic drive.

***1G Trainer Note***

The 1G Trainer brakes are hydraulically
actuated disc brakes. Brakes are actuated
by the hand controller in the same manner
as the LRV mechanical brakes.

1.3.3 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 damper 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.

l'amping energy heats the fluid in the damper. The heat is conducted from
the Mluid to the damper walls for dissipation.

The suspension systems can be rotated approximately 135 degrees to al]oy'
folding and LRV stowage in qhe LM,

***1G Trainer Notes***

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

2. 1G Trainer suspension system contains
only a lower torsion bar on each wheel.

Mission J Basic Date 12/4/70 Change Date _4/19/71  Page 1-13
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1.3.4 Steering

LRV steering (figure 1-8) 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 controller. (The
steering control block diagram is shown in figure 1-9).

tach 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 2¢ 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. i

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-
connection cannot be accomplished by a crewman. The rear steering reconnection
can be accomplished by a crewman as described in Section 2.9.

***]1G Trainer Notes***

1. The 1G 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 1G 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 1G Trainer steering decoupling are shown in -
Section 8.0.

1..8.5 Hand Controller

The hand controller (figure 1-11) provides the steering, speed, and braking
comnands to the drive controller electronics. The drive controller electronics
then processes these hand controller commands to the appropriate drive motors
and steering motors to effect the desired control function. Tha hand con-
troller is also used as the mechanical brake lever, '
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DECOUPLING TOOL
( TOEHOL
SECONDARY ySE ) '

i

ROTATE TO SIDE “&

AFTER PULLING OUT

FRONT VIEW

SIDE VIEW

SECTION A-A
SIDE VIEW OF WHEEL HUB

DFCOUPLING RING FOR AFT
STFFRING MOTOR

CTEERING MGTOl RECOBRPT ING

_TOE HOLD

FOO1 REST

DLCOUPLING RING FOR TORWARD
STLERING MOTOR

PIGURL 1-10. WHEEL AND STLERING UISCONNELCTS
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i/ CONTROLLER QPERATION:
T-HANDLE PIVOT FORWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES FORWARD SPEED.
T-HANDLE PIVOT REARWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES REVERSE SPEED.

T-HANCLF PIVOT LEFT - INCREASED DEFLECTION FROM NEUTRAL INCREASES LEFT STEERING ANGLE.
T-HANDLE PIVOT RIGHT - INCREASED DEFLECTION FROM NEUTRAL INCREASES RIGHT STEERING ANGLE.

T-HANDLE DISPLACED REARWARD - REARWARD MOVEMENT INCREASES BRAKIMG FORCE. FULL 3 INCH
REARWARD APPLIES PARKING BRAKE. MOVING INTO BRAKE
POSITION DJSABLES THROTTLE CONTROL AT 15° MOVEMENT
REARWARD.

REVERSE INHIBIT SWITCH
(DOWN FOR REVERSE
INHIBIT)

PARKING BRAKE
CONTINGENCY
RELEASE RING

FIGURE 1-11. HAND CONTROLLELR
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1.3.5.1 Speed Control

Forward movement of the hand controller about the T-handle throttle pivot axis
proportionately increases forward speed. A neutral dead band exists for about
the first 1.5 degrees of forward motion. A constant toique o€ about 6 inch-
pounds is required to move the hand controller beyond th: limit of the dead
band (figure 1-12). The nine degree position corresponds to a pulse duty
cycle of approximately 50 wercent, at each drive motor, i.e., the motors are
at 50 percent of maximum speed condition. The maximum power setting is
achieved by pivotinc the hand co'itroller to the hard stop (maximum, position
at approximately 14 Jdegrees. To decelerate, the hand controller is pivoted
rearward. The torques required are shown in fiqure 1-12. To place the vehicle
in neutral, the hand contrcller is pivoted rearward to the zero (+ 1/2) degree
position.

With the reverse inhibit switch in the down position, the hand controller can
be pivoted forward only, thereby preventing inadvertently placing the vehicle
in reverse.

To operate the vehicle in reverse, the reverse inhibit switch is placed in

the up position and the hand controller pivoted rearward about the throttle
pivot point. Torgue vs. displacement characteristics for reverse are identical
to forward speed operation as shown by figure 1-12.

The vehicle must be brought to a full stop before a direction change is commanded.
Directicn change is automatically inhibited at vehicle speeds greater than
1 KPH.

The hand controlier will remain in the selected forward or reverse speed
position in the crewmen "hands off" condition.

15355 .2 Steering Control

Pivoting the hand controller left or right about the roll pivot point pro-
portionally changes the wheel steering angle. The steering control, like

the throttle controi, has a 1/2 degree neutral dead band on either side of

soro. (See figure 1-13). A torque of 7 in-1bs. is required to roll the

hand controller beyond the neutral position to begin steering angle change.
Torque required for increasing the displacement angle about the roll pivot

paoint increases linearally until a displacement of approximately 9 degrees

is reached. /At the 9 degree position, a soft stop is encountered which requires,
a step-function torque increase of 5 in-1bs. to pivot the hand controller fur-
ther outboard for increasing the steering angle. After passing thi: soft stop
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