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HANDBOOK CONFIGURATION

This handbook reflects the Lunar Roving Vehicle (LRV) and Space Support
Equipment (SSE) configuration as installed in LM-10 at KSC.

Mission J Basic Date _ 12,4770 Change Date _7/7/71 Page 4




L5006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

TABLE OF CONTENTS

SECTION TITLE PAGE
1 General Information 1-1
1.0 Introduction 1-1
1.1 Description 1-1
1.2 Vehicle Systems 1-1
1.3 Mobility Subsystem 1-5
1.4 Electrical Power Subsystem 1-27
1.5 Control and Display Consoie 1-37
1.6 Navigation Subsystem 1-42
1.7 Crew Station 1-49
1.8 Thermal Control 1-54
1.9 Space Support Equipment 1-64
2 Normal Procedures 2-1
2.1 Unloading and Chassis Deployment 2-2
2.2 Post Deployment Checkout and Drive to MESA 2-22
2.3 Payload Loading 2-29
2.4 Pre-Sortie Checkout and Preparation 2-41
2.5 LRV Configuration for Science Stop 2-45
2.6 LRV Configuration Prior to Leaving Science Stop 2-46
2.7 Post Sortie Checkout 2-48
2.8 Display Reading Sequence and Time Intervals 2-50
2.9 Special Procedures : 2-51
3 Malfunction Procedures 3-1
3.0 Introduction 3-1
3A Other Contingencies 3A-1
3A.0 Introduction 3A-1
4 Auxiliary Equipment 4-]
4.0 Introduction 4-1
4.1 Forward Chassis Payload Provisions 4-1
4.2 Center Chassis Payload Provisions 4-]
4.3 Rear Chassis Payload Provisions 4-7
5 Operating Limitations 5-1
5.1 Payload Limitations 5-1
5.2 Parking Limitations 5-1
5.3 Sortie Limitations 5-1
5.4 Navigation System Limitations 5-4

Mission J Basic Date 12/4/70 Change Date _7/7/71 Page _ i3



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

TABLE OF CONTENTS

(Continued)

SECTION TITLE PAGE
6 Cperating Timelines 6-1
6.0 Introduction 6-1
7 Operating Profiles 7-1
7.1 LRV Operating Profile 7-1
7.2 1G Trainer Operating Profile 7-4
g 1G Trainer Non-Crew Procedures 8-1
8.0 Introduction 8-1
8.1 General Procedures 8-1

8.2 Specific Procedures 8-1¢

8.3 Preventive Maintenance Assembly Remove and 8-28

Replace Procedures
"y iii
Mission Basic Date 12/4/70  Change Date _ 7/7/71 Page 111



LS006-002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

LIST OF ILLUSTRATIONS

FIGURE NO. TITLE PAGE
1-1 Deployed LRV Without Stowed Payload 1-2
1-2 1G Trainer 1-4
1-3 Mobility Subsystem 1-6
1-4 LRV Wheel Cross-Section 1-7
1-4.1 1G Trainer Wheel and Pneumatic Tire 1-8
1-4.2 Wheel Bulge Retention 1-8.1
1-5 LRV Traction Drive Assembly 1-9
1-6 Traction Drive Installation 1-11
1-7 Suspension Assembly 1-14
1-8 Steering Assembly 1-16
1-9 Steering Control Block Diagram 1-17
1-10 Steering Decoupling 1-18
1-N Hand Controller 1-19
1-12 Torque Required to Rotate Hand Controller for 1-21

Throttle Control
1-13 Torque Required to Rotate Hand Controller for 1-22
Steering Control
1-14 Brake Control Force Vs. Displacement 1-24
1-15 Drive Control Electronics - Block Diagram 1-26
1-16 LRV Battery Configuration 1-29
1-17 LRV Batteries, Thermal Blanket and Dust Covers 1-30
1-18 Power Distribution System Schematic 1-32
1-19 LRV Power/Temperature Monitor Schematic 1-33
1-20 Caution and Warning System 1-34
1-21 Auxiliary Connector Location 1-36
1-22 Control and Display Console 1-38°
1-23 Navigation Subsystem Block Diagram 1-43
1-24 Navigation Components on LRV 1-44
1-25 Navigation System Electrical Schematic 1-45
1-26 Vehicle Attitude Indicator 1-46
1-27 Sun Shadow Device 1-47
1-28 Crew Station Components 1-50
1-29 Seat Belts 1-52
1-30 Crew Station Floor Panels 1-53
1-30.1 LRV Thermal Blanket 1-54.1
1-31 Thermal Control Provisions (Forward Chassis) 1-55
1-32 Drive Controller Electronics Thermal Control 1-56
1-33 SPU Electronics and Battery #1 Thermal Control 1-57
1-34 Battery #2 and Directional Gyro Unit Thermal Control 1-58
1-35 Battery Dust Cover Closing Mechanism 1-59
1-36 Forward Chassis Insulation Blanket 1-60
1-37 Space Support Equipment 1-65
1-38 LM/SSE with LRV Installed 1-66
Mission J Basic Date 12/4/70  Change Date U Page iy



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

FIGURE NO.

1-39
1-40
1-41
1-42
1-43
1-44
1-45
1-46
1-47

]
—_—
-

p—)

)
= OONON DB WRN

— O

PPN NN RN NN
]

1 LA R R R R I )

LRy
WSO WU B WN
~

MR AN RN NN
1

LI 0 B U |
1 PONN N —

APhbbbLODBDWNON
] ] 1
NOYD B WRN

E-~3
t
oo

LIST OF ILLUSTRATIONS
(CONTINUED)

TITLE PAGE

LRV Deployment Sequence 1-67
Deployment Tapes and Deployment Cable Stowage 1-69
D-Handle Release System 1-70
LRV/SSE Support Structure and Release System 1-71
Braked Reel 1-72
LRV Saddle and Forward Chassis Latch System 1-74
Forward and Rear Chassis Latch 1-75
Wheel Lock Strut Release 1-76
Wheel Bulge Retention Cable Release 1-77
LRV Thermal Balnket
Support Arm Latch Mechanism Latched Configuration
LRV Deployment Tapes and Cables
LRV Deployment Envelope and Envelope for Deployment Tape Operations
Crewman Positioned to Deploy LRV
LRV Deployment Sequence
LRV Deployment Hardware & Steering Ring Location
Foot Rest Deployment
Control and Display Console Deployment
Seat and PLSS Support Deployment Sequence
Crew Position
Control and Display Console
LCRU/TV/LRV Cable Stowage
LCRU, High Gain Antenna, TV Camera Installation
16 mm DAC and Low Gain Antenna Installation
LCRU Low Gain Antenna Cable Installation on Lunar Surface
LRV Rear Payload Pallet Adapters
Rear Payload Pallet Installed
Buddy SLSS Installation
Map Holder Installation
Gnomon Bag Attachment to LRV
Interim Storage for LR3 and ALSD
Wheel Decoupling Mechanism/Decoupling Tool Attachment
Wheel Decoupling Mechanism Positions
Steering Decoupling Ring Locations
Steering Recoupling Tool Stowage
Rear Steering Recoupling
Contingency Dust Cover Closure
LCRU, High Gain Antenna, TV Camera Installation
LCRU/TV/LRV Cable Stowage
LCRU Low Gain Antenna Cable Installation on Lunar Surface
16 mm DAC and Low Gain Antenna Installation
Map Holder Installation
Under-Seat Stowage Bag (Left Seat)
Passenger Seat Stowage to Create Payload Area on Center
Chassis Floor
Interim (LM-to-ALSEP Site) Stowage of LR3 and ALSD

—_—

RO N
LN N R T B |
L OO DWW

] 11
W WWWMNI N =t —
D= O PN~

NN NN MNORN NN NN
1 Lt [

] 1
H DB WW
WO ~NWNOOOO W~

1 =1 1t
L T

]
OO WN

SRR LREERWNDNODNONDNN
1

N
]

-—

o

W —

Mission Y Basic Date 12/4/70  (Change Date 7/7/71  Page _y



L5006-002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

FIGURE NO.

4-9
4-10

1 v 1
N —

[ W W W W W o WE S LIRS E o
R R Y L Y N R L L
WRN—N—=— o~ O PRWN—N —
— O

[0 o] OO~~~ ON O
]

[e o] (e 0]
[] 1 1
o [82) E-3

8-7

8-9
8-10
8-1

8-12
8-13

LIST OF ILLUSTRATIONS
(CONTINUED)

TITLE

Buddy SLSS Installation

Gnomon Bag Attachment to LRV

LRV Rear Payload Pallet Adapters

Rear Payload Pallet Installed

Allowable C.G. Envelope for Vehicle Fully Loaded
Parking Orientation Constraints

LRV Deployment Timeline

Post Deployment Checkout Timeline

Pre-Sortie Checkout and Preparation Timeline

Post Sortie Shutdown Timeline

Navigation Update Timeline

LRV Traction Drive Decoupling Timeline

LRV Steering Decoupling Timeline

LRV Rear Steering Recoupling Timeline

1G Trainer Battery Changeout Timeline

1G Trainer Traction Drive Decoupling Timeline

1G Trainer Steering Decoupling Timeline

Nominal Operating Profile

Nominal Operating Profile for 1G Trainer

1G Trainer Basic Vehicle Block Diagram

16 Trainer Vehicle Power Distribution Block Diagram
16 Trainer Vehicle Front Traction Drive Electrical
Signal Routing Block Diagram

16 Trainer Vehicle Rear Traction Drive Electrical
Signal Routing Block Diagram

16 Trainer Vehicle Front Steering Electrical
Signal Routing Block Diagram

1G Trainer Vehicle Rear Steering Electrical Routing
Block Diagram

16 Trainer Vehicle Odometer Electrical Signal
Routing Block Diagram

1G Trainer Temperature Diagnostics Electrical Signal
Routing Block Diagram

1G Trainer Wheel Decoupling

1G Trainer Brake Linkage

16 Trainer Steering Arm Clamping to Simulate
Steering Decoupling

16 Trainer Battery Installation

1G Trainer Battery Charging Circuit

Mission

J Basic Date ]ps4770  Change Date 7/7/7

Page vi



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBQOK

LIST OF TABLES

TABLE NO. TITLE : PAGE
1-1 Cortrol and Display Console Controls 1-39
1-2 1G Trainer Thermal Control Device Set Points 1-62
3-1 Malfunction Procedures 3-2
3-2 Malfunction Logic Flow Diagrams 3-3
3A-1 Emergency Procedures 3A-2
3A-2 Malfunction Procedures 3A-3
3A-3 Emergency Logic Flow Diagrams 3A-4
3A-4 Malfunction Logic Flow Diagrams 3A-5
8-1 1G Trainer Steering Operation Data 8-15

Mission J Basic Date 1ps4s770  Change Date _7/7/71 Page yij



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

LRV FLIGHT UNIT PARTIAL DRAWING LIST
(FOR REFERENCE ONLY)

DESCRIPTION DRAWING NUMBER
Flight Vehicle Assembly 209-35006
Chassis Assembly 209-30006
Tripod 209-30406
Fender 209-31625
Crew Station Installation 209-31006
Suspension and Wheel Installation 209-35206
Steering Installation 209-35306
Electrical and Battery Installation 209-34006
Electrical Cabling Installation 209-35106
Display and Control Console Assembly 209-22200
Gyro and SPU Installation 209-34306
Vehicle Attitude Indicator Installation 209-60050
Thermal Insulation Installation 209-34406
Gyro Thermal Strap 209-70019
SPU Thermal Control Unit 209-70400
DCE Assembly 7553139*
Hand Controller Assembly 7553447*
Traction Drive Assembly 75653102*
Space Support Equipment (SSE) 209-42000

*Denotes AC/Delco Electronics Drawings, All Others are Boeing

iii
Mission J Basic Date 4/19/71  Change Date _7/7/71 _ Page _V!



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

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. Detailed performance data for the LRV and 1G Trainer are presented in
Appendix A and Appendix B, respectively.

1.1 DESCRIPTION

The LRV system on the Tunar surface consists of the LRV, the structure for
securing the LRV to the LM stowage bay and the mechanism for depioying 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.

The LRV system is comprised of the Mobility Subsystem, Electrical Power
Subsystem, Control and Display Console, Navigation Subsystem, Crew Station,
Thermal Control Subsystem and Space Support Equipment. Each subsystem is
described in subsequent sections to the extent necessary to understand the
operation of the LRV,

***]1G Trainer Notex**

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

Mission J Basic Date _12/4/70 _ Change Date _6/23/71 Page 1-1
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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 the LRV.

1.3.1 Wheel

Each wheel (figure 1-4) includes an open wire mesh tire with chevron
tread covering 50 percent of the surface contact area, The tire inner frame
provides a stiff load path to accomodate high impact loads.

Each wheel has a decoupling mechanism (figure 1-5, sheet 1) and can be de-
coupled from the traction drive by operating the two decoupling mechanisms
which allow 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. Procedure used to decouple a wheel is discussed in Section 2.9.

***1G Trainer Notes***

1. The 1G Trainer tires for primary use are pneumatic
automobile tires (figure 1-4.1), Special
wire mesh wheels are also available for use with
the 1G Trainer.

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

1.3.1.1  Wheel Bulge Retention

When the LRV is folded for stowage in the LM the front and rear wheels are
compressed together. As a result the wire mesh tends to bulge outward toward
the LM quadrant. This outward bulge in the direction of the LM is controlled
to prevent violation of the allowable LRV stowage envelope. Control of wheel
bulge is accomplished by two wires installed in the wheels as shown in Figure
1-4.2. Upon deployment of the vehicle and unfolding of the wheels the wheel
bulge retention wire is released and the wheel assumes its normal configura-
tion. While driving the wheel bulge retention wires may break due to rubbing
across the tire inner frame. Upon breaking these wires may come out of the
inner tire and hang loose on the inside of the wheel. This is a completely
normal occurrence and will cause no detrimental operation of the LRV.

Mission J Basic Date 12/4/70  (Change Date 6/23/71 Page _1-5
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1.3.2 Traction Drive

Each LRV wheel is provided with a separate traction drive (figure 1-5),
consisting of a harmonic drive gear reduction unit, drive motor and brake
assembly. Each traction drive is hermetically sealed to maintain a nominal
7.5 PSIA internal pressure for improved brush lubrication. Each traction
drive also contains an odometer pickup which transmits a pulse to the navi-
gation subsystem at the rate of nine pulses per wheel revolution. Traction
drive installation details are shown in Figure 1-6.

Mission J Basic Date 6/23/71  Change Date Page 1-5.1
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WHEEL BULGE CABLE DETAIL

FIGURE 1-4.2 WHEEL BULGE RETENTION
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*¥**1G Trainer Notes***

1. The traction drive for the 1G Trainer has a
3-stage planetary gear box in lieu of the
harmonic drive, (figure 1-5.1),

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

1.3.2.1 Harmonic Drive

Input torque to the four harmonic drives is supplied by the four electric
g51¥e motors. The harmonic drives reduce the motor speed at the rate of

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 drijve 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 warning flag,

***1G Trainer Noteg***

1. The 1G Trainer drive motors operate from a
rominal input voltage of 34 VDC.

2. The 16 Trainer gear box thermal switch will
actuate the warning flag when a gear box temp-
érature reaches 200°F. The indicated tempera-
ture, however, will be 450°F to 500°F upon
actuation, since the readouts are biased,

3. The 1G Trainer motor temperature switch is
set to actuate the 11ag when the motor externai
case temperature reaches 225°F, This iempera-
ture at the case would corresponc to a rotor
temperature of about 450°F,

Mission J Basic Date _12/4/70 Change Date _6/23/71 Page 1-12
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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 Tinkage in the hand controller.

Braking is accomplished by moving the hand controller rearward. This opera-
tion de-energizes the drive motor and forces brake shoes against a brake drum
which stops the rotation of the wheel hub. Equal braking force for the left
and right wheels is accomplished by routing the cables through an equalizer
device. The forward and rear brakes are actuated by separate cables. Braking
operation is further explained in section 1.3.5.3, "Hand Controller".

***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 is suspended from each wheel by two pairs of suspension arms
connected between the LRV chassis and each traction drive (figure 1-7),

Loads are transmitted from the suspension arms to the chassis through torsion
bars. Wheel vertical travel and rate of travel is limited by a Tinear 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.

The suspension systems can be rotated approximately 135 degrees to allow
folding and LRV stowage in the 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 torsicn bar on each wheel.

Mission J Basic Date 12/4/70 Change Date 6/23/71 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 pos1t10n of the hand contro11er (The
steering control block diagram is shown in figure 1-9),

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 fajlure, 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.

1.3.5 Hand Controller

The hand controller (figure 1-11) provides the steering, speed, and braking
conmands 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. The hand con-
troller is also used as the mechanical brake lever,

Basic Date 12/4/70 Change Date 4/19/71 Page 1-15
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GEAR STEERING MOTOR

—p FWD

DECOUPLING CABLE GUIDE TUBE
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DECOUPLING PULL RING

BEVEL - SPUR GEAR SHAFT

SPRING LOADED TO POP UP WHEN
DECOUPLING RING IS PULLED, CAUSIMG-
DISENRAGEMENT OF SPUR REAR

FROM STEERING ARM SECTOR GEAR).

STEERING GEAR

LOCKING PIN
(LOCKS GEAR IN STRAIGHT
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FIGURE 1-10 STEERING DECOUPLING

Mission J  Basic Date Change Date 6/23/77 Page



L5006 -002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

HAND CONTROLLER OPERATION:
T-HANDLE PIVOT FORWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES FORWARD SPEED.
T-HANCLE PIVOT REARWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES REVERSE SPEED.

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

T_HANDLE DISPLACED REARWARD - REARWARD MOVEMENT INCREASES BRAKING FORCE. FULL 3 INCH
REARWARD APPLIES PARKING BRAKE. MOVING INTO BRAKE

POSITION 15° DISABLES THROTTLE CONTROL.

REVERSE INHIBIT SWITCH
(DOWN FOR REVERSE
INHIBIT)

REVERSE POSITION INDICATOR
STRIPE

PARKING BRAKE
CONTILHGERCY
PELEASE RING

FIGURE 1-11. HAND CONTROLLER
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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 constant torque of about 6 inch-
pounds is required to move the hand controller beyond the limit of the dead
band (figure 1-12). The nine degree position corresponds to a pulse duty
cycle of approximately 50 percent, at each drive motor. The maximum power
setting is achieved by pivoting the hand controller to the hard stop (maximum)
position at approximately 14 degrees. To decelerate, the hand controller is
pivoted toward neutral. The torques required are shown in figure 1-12. To
place the vehicle in neutral, the hand controller is pivoted 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 inadvertent vehicle 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. Torque 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 com-
manded. This is required to prevent the possibility of some wheels being in
forward and some in reverse upon reapplication of power. This condition could
occur as a result of not allowing the wheel speed sensor logic to stabilize.
The wheel speed sensor logic threshold is set at approximately 1.0 kph and
provides an inhibit (no go) signal if the wheel pulses arrive at a faster rate
than its own internal timing rate. The wheel speed sensor is an inverted
monostable which is triggered and tuned out every time a wheel pulse occurs.
At slow speeds the pulses arrive at such a slow rate that the monostable
reverts to the non-inhibit (go) state before the next pulse arrives. During this
interpulse period, wheel reversal is allowed and will occur if the operator
chances to hit the go condition. At a full stop no pulses are received and
the monostable reverts to a full go condition allowing reversal at any time.

***1G Trainer Note***

Direction changes on the 1G Trainer can be
initiated at speeds less than 1 kph without
coming to a complete stop.

The hand controller will remain in the existing forward or reverse speed
position in the crewmen "“hands off" condition.

1.3.5.2 Steering Controtl

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

Mission J Basic Date 12/4/70 Change Date _6/23/71 Page 1-20
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1.3.5.2 (Continued)

the throttle control, has a 1/2 degree neutral dead band on eijther side of
zero (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
point increases linearally until a displacement of approximately 9 degrees
is reached. At the 9 degree position, a soft stop is encountered vhich
requires a step-function torque increase of 5 in-lbs. to pivot the hand
controller further outboard for increasing the steering angle. Turns should
not be attempted(beyond this 9 degree position) at speeds greater than 5 KPH.
After passing the soft stop position, the toraue required to pivot the hand
controller further outboard increases linearally with displacement until the
hand controller hard stop limit is reached at the 14 degree outboard hand
controller position.

The hand controller is spring loaded to return to the neutral steering position
when released. If the wheels are not aligned with the LRV centerline, they
will automatically return to the aligned position when the steering system

is turned on.

-1.3.5.3 Braking Control

Braking is initiated with the LRV in either forward or reverse by pivoting
the hand controller rearward about the brake pivot point. The force required
to move the hand controller rearward to increase braking is shown in Fiaure
1-14. Forward and reverse power is disabled when the brake is displaced

15 degrees.

A three inch rearward displacement of the hand controller engages and locks
the parking brake. To disengage the parking brake, the hand controller is
placed in the steer left position. A contingency release (Figure 1-11) is
provided should the brake fail to release when moved to the steer left posi-
tion. Centingency brake release is effected by moving the brake to full
rearward displacement, pulling the release rina, allowing the brake to re-
lease and then releasing the ring.

***1G Trainer Note***

The 1G Trainer Hand Controller operation (speed, steer-
ing and brake) is identical to the LRV hand controller
operation, with the exception: If the hand controller is
in full throttle position when full brakes are applied,
drive power will not be automatically cut out. This
condition (true for both forward and reverse operation)
resulted as a consequence of by-passing the DCE logic

at full power to eliminate voltage drop and thereby
increase trainer top speed.

I
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1.3.7 Drive Control Electronics

The Drive Control Electronics (DCE) accepts forward and reverse speed control
signals from the Hand Controller and transmits them to the drive motors in a
format which allows drive motor speed control. The steering logic servo
amplifier assembly (previously described in paragraph 1.3.4 and figure 1-9) is
also contained within the DCE. In addition, the Drive Control Electronics accepts
odometer signals from the traction drives and processes the signals for speed-
ometer readout and navigation system usage. The basic manner of operation of

the DCE is described below and illustrated in figure 1-15.

When the Hand Controller is actuated in either the forward or reverse posi-
tions, two basic signals are generated. One, a constant voltage signal

(A) to the traction drive electronics logic, tells whether the Hand Con-
troller is on the forward or reverse side of neutral, and actuates

relays to control the direction of drive. The other signai (B) is from

the command potentiometers and is a variable voltage which reflects the amount
of speed desired. Thic latter signal is proportional to the position of the
Hand Controller and is fed to the Pulse Width Modulators (PNM§ where the sig-
nal is "chopped" into pulses whose width is proportional to the incoming
signal strength. The rodulated signal (C) is then fed through the Drive Enable
switches (astronaut operated) for each Drive Motor. These switches deter-
mine whether the command signal for each drive motor is to be dgerived from

PWM #1 or PWM #z. The position of the PWM select switch (Astronaut Operated)
allows disabling of a defective PWM if desired.

***x1G Trainer Note***

The 1G Trainer Drive Enable PWM 1 and PWM 2 posi-
tions are common “"ON" positions. PWM 1 is an
integral part of Drive Controller No. 1 which
powers only the two front drive motors and similar-
1y PWM 2 is an integral part of Drive Controller
No. 2 which powers only the two rear motors.

After the modulated signal (C) has passed through the Drive Enable switch for
each traction drive, it enters a gating switch which serves several purposes.
First, it inhibits drive power if the brake is on (b}. Second, if drive
current becomes excessive, it inhibits drive power until the current level
falls to an acceptable value (E). Third, it inhibits drive power momentarily
while the Hand Controller is being switched from forward to reverse or reverse
to forward (F). If none of these three inhibits is present, then the gate
passes the modulated signal (C) on to the power switching driver and the power
switch, which produce the proper power levels for moter control (G).

The last step prior to application of power to the motor is selection of for-
ward or reverse motor drive. This is accomplished by the reversing relay

and relay driver. The relay driver determines the position of the reversing
relays and is actuated by position of the Hand Controller (forward or reverse)

Mission J Basic Date 12/4/70 Change Date 6/23/71  Page 1-25
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1.3.7 {Continued)

and a signal from the pulse generator (H) which indicates the power ‘o the
drive motor has been inhibited and switching can take place., Tne condition

of the reversing relays determine the direction of current through the motor
armature and thus the direction of rotation of the notor. The wreels are
driven through £0:1 ratio narmonic crive units as exclained in varagrapn 1.3.5.

Each traction drive has a magnetic pickup for sensing th: rotational rotion

of each wheel. This signal (I) is picked up as a series of pfulses anc trars-
mitted back into the Traction Drive Control Module where it is oroperly pulse
shaped for use anc¢ then usea for two purposes. Une, it is fec (J) through a buffer
to the navigation subsystem for the odoreter. Two, it is fed (K} to a

viheel velocity sensing circuit which determines if the wheel velocity is creater
than 1 KPH, If it is, a signal (L) is sent to the traction drive 2lectrorics
Togic to disallow switching from forward to reverse or reverse to forwara until
wheel speed drops below 1 KPH. From 1 KPH to full stop the state of the

inhibit circuit may be indeterminate, thus it is imperative that the vehicle

be brought to a full stop before a direction change is commanded.

**+1G Trainer Note***

16 Trainer does not reguire cominc tc a full

stop before initiating direction change ccm-

mands. Direction chances can be initiated at
speeds below 1 KPH,

1.4 ELECTRICAL POWER SUBSYSTEM
The electrical power subsystem consists of two batteries, distribution

wiring, connectors, switches, circuit breakers and meters for controlling
and monitoring electrical power.

Mission J Basic Date 12/4/70 Change Date _6/23/71 Page 1-27
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1.4.1 Batteries

The LRV contains two primary silver zinc batteries (figure 1-16) each havirnc

a nominal voltage of 36 (+5/-3) VDC and each having a minimum capacity of 1(E
ampere hours. Both batteries are normally used simultaneously on an approxircte
equal load basis during LRV operation by selection of various load-to-bus
combinations through circuit breakers and switch settings on the control enc
display console.

NOTE

The Amp-Hr integrator for LRV-1 is set at 12]
amp-hrs. Battery depletion may be reached at
a reading of 16 amp-hrs.

The batteries are located on the forward chassis enclosed by the thermal blerket
and dust covers (figure 1-17). Battery No. 1 (on the left side) is connected
thermally tc the navigation Signal Processing Unit (SPU), and serves as a
partial heat sink for the SPU. Battery No. 2 {on the right side; is thermaliy
tied to the navigation Cirectional Gyro Unit (DGU) and serves as a heat Sirik
for the DGU.

The batteries are installed in the LRV on the pad at KSC in an activated coun-
dition and are monitored for voltage and temperature on the ground until arfris -
mately T-18& hours in the countdown. On the lunar surface, the batteries are
monitored for temperature, voltage, output current, and remaining ampere-

hours. These displays are located on the control and display panel.

Each battery is protected from excessive internal pressure by a pressure relijef
valve that is set to open at 3.1 to 7 PSI differential pressure. The relief
valve closes when the differential pressure is below the valve's relief press.re.
Each battery is capable of carrying the entire LRV electrical load, and thre
circuitry is designed such that in the event one battery fails, the entire
electrical load can be switched to the remaining battery.

***1G Trainer Notes***

1. 1G Trainer uses two rechargeable nickel cadmium batteries
having a voltage output of 34 VDC and a capacity of 24
ampere hours each. Both batteries must be used for 1G
Trainer operation.

2. 1G Trainer estimated operation time before recharge for
a set of batteries (two batteries per set) is 63 minutes
on smooth level ground {800 pound payload configuration
and 10 KPH). This estimate includes 19 minutes of stand-
by time.

(Continued)
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FIGURE 1-16. LRV BATTERY CONFIGURATION
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BATTERY NO. 2

FIGURE 1-17 LRV BATTERILS, THERMAL BLANKET AND DUST COVERS
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***1G Trainer Notes***
(Continued)

3. The 1G Trainer batteries are fan cooled
when internal temperatures rise above 100°F.
The batteries are not covered by a thermal
blanket.

1.4.2 Distribution and Monitoring System

The electrical distribution and monitoring schematics for the LRV are shown
in figures 1-18 and 1-19, The switch and circuit breaker arrangement is
designed to allow switching any electrical load to either battery and will
be described in Section 1.5, "Control and Display Console".

During normal LRV operation, the navigation system power remains on druing
the entire sortie. To conserve power for increased range, all mobility ele-
ments (i.e., traction drives, steering motors, electronic controller, and
PWM power supplies) are turned off if a stop is to exceed 5 minutes duration.

***]1G Trainer Note***

The 1G Trainer has alternate provisions for utili-
zing an external power source by means of a rotary
switch selector (figure 8-3) and umbilical connector.

1.4.3 Caution and Warning System

Refer to figure 1-20 for the caution and warning system schematic. The nor-
mally open temperature switches in the batteries and drive motors close on
increasing temperatures. When either battery reaches 125°F or any drive
motor reaches 400°F, the temperature switch closes, energizing the "OR" logic
element and the driver. The driver then sends a 10 millisecond 36V pulse to
the coil of the electromagnet which releases the magnetic hold on the indi-
cator at the top of the console and a spring loaded flag flips up. The astro-
naut can reset the flag by pushing it down even though the cause has not been
eliminated. The flag will not flip up again unless an overtemperature occurs
on another battery or traction drive or the initial overtemperature subsides
and then recurs, The particular high temperature item can be selected for
continuous monitoring on the control and display console analog meters.

***1G Trainer Notes***

1. The 1G Trainer traction drive gear box thermal
switches will actuate the warning flag when gear
box temperature reaches 200°F. The gear box tempera-
ture readout is biased so a reading of 450°F to 500°F
will exist when the thermal switch actuates.

2. The 16 Trainer motor temperature switches are set to
actuate the flag when motor external case temperature
reaches 225°F. This temperature at the case would
correspond to a rotor temperature of about 450°F,

o 1-31
Mission Y Basic Date 12/4/70 Change Date _6/23/71 Page



I

- dANIvYL 91 NO J ANV v SNd
JTLYW3HIS WILSAS NOILNGIYLSIO ¥3MO4 8i-1 NI WO¥4 SILVYId0 WILSAS NOILYOIAUN

TV 2 "ON ¥010M

ON1¥IILS Wv3d

I

Yol ON B0LM
INIBIILS LNOWS

i

(384

“ON ¥0LUW BY

Il

oy

€ "ON HOLOW 81

LS006-002-2H
LUNAR ROVING VEHICLE

I

OPERATIONS HANDBOOK

&y
"ON dOLOW 3Y

e

8y

+xx3LON INIVUL Dlxxx
=
z @
his T "ad asne a s CY R TRERE Y
g @O.S@ 0;3@ o QS@ WILSAS AVN U}
u 13
2 t .y . sne e
= Eono [} (1) »n " = n wis I3 o
= . ()
440
S ok 133738 " 2sne Jsne _
— e 00|00 O 0|06 ~0
H108 ————— nad v sne v
—— —o o ! 2l P o Y & a!:u—.n-a; ki
-
N 318V 2AG U304 2AIBG oMIN3RLs
= = Uudymuumum
i Ilmﬁxo_s ¢ sna®
“ : O— i ——— 110
' . ~L 9 $N9 O————e]
o & _ quymiod ouvrac _
2 C¥S 63D 7 SNIO—1+
= . o— j——=140
g ~ ¥ sngo 1
= ———— - - -
3 T 8
= . vs s@ g sngo— e
= o—c 140
z _ ~A4 9 sngo—-f
3
¥ s
vs¢ (8 g sngo——
—0 O———<c—>3i0 tive
_ ~4 8 Snao
™ ;
N9
Vs 98) 3 sng
i
0 O <340
M ~~ v 5no

"ON HOLOW 41

[ e (aen) nas| |

[4

7 HYOLIINNOD XNV OL — OJ‘N\‘
xnv

o ‘ o
7 i WIlSAS M e ol

TSI 2 WILSAS AN 01

JOLIANNGD XV 0L

WILSAS My D)

b ) -

UVOTT ESHL dive

HOLDINNGD 1S 31 UNTEY U) DARECIIRIS

) HOLDINNOD L1STE NDO#Y BI

Page 1-32

6/23/71

12/4/70 Change Date

Basic Date

J

Mission




LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

J1LYWIHOS YOLINOW UNIVYIdWIL/YIMOd 61L-1 FAN9IA

FYVLI0A ¢ TON AYILIVE 3YISVIW

TOVII0A | ON A43L1vé J3i1SviW

1353 4i0H JWY 2 "ON A¥31LvE

SUNOH dWV 2 "ON ANILLVE J3NSVIW

SUNOH JWV 2 "ON A1l LVE THNSYIN

SHNOH dWY t "ON A4ILLvE JYRSVIW

SUNOH dWY | ON A4ILIVE JWNSYIN

:mﬁlﬂa. JAY 1 ON A83livd

NYAILT SYIW LI0A Llvd % INFIUND 2 "ON AWILLVE INSYIW

LNIHEND | "ON A¥3L1vE 3UNSYIW

INJYUND 2 "ON A¥311v8 JUNSVIW

“dW31 L CON A¥ILIVE JYNSYIN

TdWIL L CON AYILLVE JUNSVIW

HOLDINNOD 1531 GHNOYY

o)

“dW3Ll Z "ON AY3LLYE TUNSYIW

TdW3l 2 CON AYILLVE JHNSYIW

o

“dWil d0L0W 30JS 1437 F4ASYIM

dWil 0L10W IQIS 1437 JuNSYIW

TJWIL HOI0KW 301S TLd 3UASYIW

CUWIL it 1G1S LY TYNSYIR

Wi

Q

auvaNOd
An3i wOLOW
423738

3010W ¥¥ 0L \\\
1

UOLOW 4% 01

AlddNS JQA 9€

£LS O

| A

2 ON “Lvdl

NQ

L "ON * Lv|
SEW VEW

20%

. a6

T SdWV L T
r.»..o..Lr-:.squ

L'ON *Lv§

2°0N "1Y8
i Vim

O

. C ON A¥3.1¥8 0L

STUTON A¥3LIVE 0L

BOLMNOW UNIYEIINI L ¥I00d

gi-1 "9y 338 @
RN FIEE

1
1
di-i "yld 938 @

“H0L0W 41 0L o w&.« sawy
, N L
20108 37 0L LT @
< T—
Z8 INNHS 01 | 25 51108
Ain ! Ausilve
1 LNHS 01 M
19SS 2 . .
k; AT8H3SSY PYLY ATGHISSY TUNLVEIAWIL AYILLVE L 4 LYLY  HOLYYIIINI ¥NOH WY
o- ..z_::E%# HOLOW tﬂ T [ﬁ
o -or-
] “ x w
99 o cq%+ JUASE
ot - 270+
ol | _
orl
”r —om-
o e
W d VT 3, t <
< —uoron—i syasived a mzc m.mom

@E._ 913 33S

901 38

Page 1-33

6/23/71

12/4/70  Change Date

Basic Date

Mission



LS006-002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

BUS A BUS C

D11 D21

BATTERY 1 v
BATTERY 2 l

_LF MOTOR

~XCr

RF MOTOR

X

ALARM INDICATOR
FLAG ON TOP
CENTER OF CONSOLE

D40 (36 V)

LR MOTOR

LF GEAR BOX *

DRIVER

MAGNET ""'\1]

%

RR MOTOR ;J 7 f

CoIL

OR
LOGIC

36V 10 MILLISECOND PULSE

DCOM
RF GEAR BOX *;—'
LR GEAR BOX *‘———'
RR GEAR BOX *g———
_ ~ X SWITCH CLOSURE CAUSES *ON 1G TRAINER ONLY
TILRMAL DRIVER TO PULSE COIL
SWITCHLS WHICH REPELS THE
(NORMALLY OPLN) PERMANLNT MAGNLT AND
ALLOWS THL SPRING
B LOAULD FLAG TO POP-UP.
FLAG MAY BL RESLT LVLN
‘-_D—E'agj WITH ONE OR MORL EXIST-
ING OVER TEMPERATURE
CONDITIONS.
FIGURE 1-20. CAUTION AND WARNING SYSTEM
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1.4.4 Auxiliary Connector

The auxiliary connector (figure 1-21) provides power for the Lunar Communica-
tions Relay Unit (LCRU). Power at the connector is furnished at 36 (+5/-3)

VDC through a 7.5 ampere circuit breaker. Source impedance at the connector

is less than 0.4 ohms shunted by a 440 micro-farad capacitor. Prior to launch,
the LCRU power cable is attached to the auxiliary connector.

***1G Trainer Note***

The 1G Trainer auxiliary connector is not
electrically functional.
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AUXILIARY CONNECTOR

FIGURE 1-21. AUXILIARY CONNECTOR LOCATION
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1.5 CONTROL AND DISPLAY CONSOLE

The Control and Display Console (figure 1-22) is separated into two main
functional areas: Navigation on the upper area of the panel and monitoring
and controls on the lower area of the panel. Refer to Table 1-1 for controls
and use. The Control and Display Panel legends are activated with radio-
active Promethium which provides visibility of displays under lunar shadow
conditions.

1.5.1 Attitude Indicator

This instrument (figure 1-26) provides indications of LRV pitch and roll. It
indicates PITCH upslope (U) or downslope (D) within a range of plus 25 to
minus 25 degrees in five degree increments and indicates ROLL within a range
of 25 degrees left to 25 degrees right in one degree increments. The damper
on the side of the indicator can be moved to damp out oscillations. The
pitch indication is readable in the stowed position of the indicator. The
indicator is rotated outward which exposes the ROLL scale to the left side
crewman. The pitch and roll readings are transmitted to MCC for navigation
update computation.

1.5.2 Heading Indicator

This instrument displays the LRV heading with respect to funar north. The
initial setting and updating of this instrument is accomplished by operating
the GYRO TORQUING switch LEFT or RIGHT.

NOTE

The HEADING indicator is set to read 270° at KSC

prior to launch. This setting will allow minimum
gyro torquing time on the Tunar surface to adjust
to the required heading.

1.5.3 Bearing Indicator

This instrument displays bearing to the LM in one degree digits. In the
event of power loss to the navigation system, the bearing indication will
remain displayed. The indications are lost when the power is reapplied
to the navigation system, however.

NOTE

Insufficient data is available for bearing
computation until the LRV has moved about 50
meters from the point of nav initialization,
therefore, the display indication should oe
disregarded until the vehicle is at least

50 meters from the point of nav initialization.
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FIGURE 1-22 CONTROL AND DISPLAY CONSOLE
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1.5.4 Distance Indicator

This instrument displays distance traveled by the LRV in increments of 0.1
kilometer. This display is driven from the navigation signal processing unit
which receives its inputs from the third fastest traction drive odometer.
Total digital scale capacity is 99.9 km. In the event of power loss to the
navigation system the distance indicator at time of power loss will remain
displayed. Reapplying power to the Navigation Subsystem will cause indicator
to go to a random number. Operating the system reset switch will return the
indicator to zero.

NOTES

1. Driving the LRV in reverse will add to the
distance reading.

2. I1f two wheels are in free-wheeling, or power
turned off to two wheels, distance indicated
at time of wheel disengagement or power removal
will remain displayed.

3. Driving with two wheels in drag condition
(coupled, power off) will give false reading
of distance traveled.

1.5.5 Range Indicator

This instrument displays the distance to the LM, and is braduated in 0.1 km
increments with a total digital scale capacity of 99.9 km. In the event of
power 1loss to the navigation system the range indicated at time of power
loss will remain displayed. Reapplying power to the Navigation Subsystem
will cause indicator to go to a random number.

1.5.6 Speed Indicator

The instrument shows LRV velocity from O to 20 km/hr. This display is
driven from the odometer pulses from the right rear wheel, through the SPU.

NOTES

1. When the NAV POWER Circuit Breaker is open,
no speed indication will be attained.

2. If the right rear wheel is decoupled or power
turned off to that wheel the speed indication
will be lost.

Mission J Basic Date 12/4/70 Change Date 6/23/71 Page 1-4]
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1.5.7 Sun Shadow Device

This device is used to determine the LRV heading with respect to the sun
azimuth. When deployed, the device casts a shadow on a graduated scale when
the vehicle is facing away from the sun. The point at which the shadow
intersects the scale is transmitted by the crew to MCC for navigation update.
The scale length is 15 degrees either side of zero with one degree divisions.
The sun shadow device can be utilized at sun elevation angles up to 75 degrees.

Mission J Basic Date 12/4/70 Change Date 6/23/71 pPage 1-41.1



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

1.6 NAVIGATION SUBSYSTEM

Refer to figure 1-23 for the Navigation Subsystem Block Diagram; figure 1-24
for hardware locations, and figure 1-25 for electrical schematic.

The power supply converts the vehicle battery voltage to the AC and DC volt-
ages required for operation of the navigation subsystem components. Signal
inputs to the SPU are: direction (obtained from a directional gyro) and
distance (obtained from odometer pulses from each traction drive unit). These
signals are operated on by the navigation subsystem which displays the results
as: heading with respect to lunar north, bearing back to the LM, range back
to the LM, total distance traveled and velocity.

NOTE

The Navigation System is initialized by momentarily
transferring the system reset switch to SYSTEM RESET
position and back to OFF which initializes reset of all
digital displays and internal registers to zero. Ini-
tialization is performed at the start of each EVA only.
The IPI digital displays reset at approximately 10
counts per second (i.e. to reset distance from 35.0 KM
to zero requires 35 seconds).

Alignment of the directional gyro is accomplished by measuring the pitch and

roll of the LRV using the attitude indicator (figure 1-26), and measuring the

LRV orientation with respect to the sun using the sun shadow device (figure 1-27).
This information is relayed to MCC where a heading angle is calculated. The gyro
is then adjusted by slewing with the torquing switch until the heading indicator
reads the same as the calculated value. Slew rate is approximately 1.5 degrees
per second. Gyro torquing should be accomplished with minimum switching.

The heading angle of the LRV is implicit in the output from the gyro, which
is generated by a three wire synchro transmitter. The heading indicator in
the IPI contains a synchro control transformer and an electromechanical servo
system which drives the control transformer until a null is achieved with

the inputs from the gyro.

NOTE

The odometer logic cannot distinguish between forward
and reverse wheel rotation. Therefore, reverse opera-
tion of the LRV adds to the odometer reading.

There are four odometers in the system, one for each traction drive unit.
Nine odometer pulses are generated for each revolution of each wheel. These
signals are amplified and shaped in the motor controller circuitry and enter
the line receiver in the SPU. The odometer pulses from the right rear wheel
enter the velocity processor for display on the LRV SPEED indicator.
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**x*1G Trainer Note***

The 16 Trainer navigation system is calibrated

for use with the wire wheels, however, the naviga-
tion errors incurred when pneumatic tires are used
are small. This is because the effective radius

of both types of wheels are approximately the same,
(pneumatic tires inflated to 30 psig) and the pneu-
matic wheel has essentially no siip. The only error
incurred is in the range and distance calculation.
The distance display when pneumatic wheels are used
is estimated to be about 3.5% low. The ability to
navigate back to the starting point during training
should not be affected as all other errors cancel on
a closed course.

Odometer pulses from all four wheels enter the odometer logic via the SPU
line receivers. This logic selects the third fastest wheel for use in the
distance computation. This insures that the odometer output pulses will not
be based on a wheel which is locked, nor will they be based on a wheel that
has excessive slip.

NOTE

Loss of Nav information occurs if vehicle is operated

with more than one traction drive shut off or in free
wheeling.

The odometer logic sends outputs to the digital distance indicator in the
IPI and to the range/bearing processor in the SPU. The range/bearing
processor converts heading sine and cosine to digital numbers.

The effect of sine and cosine conversion at distance increments is equi-
valent to entering (distance jncrement x sine heading) and (distance increment
x cosine heading) into the _ East and . North registers of the digital part

of the bearing and range processor. The digital processor then adds the new
A E and A N numbers to the contents of the East (E) and North (N) accumulators.
The E and N accumulators, therefore, contain the east and north vector compon-
ents of the range and bearing back to the LM. The digital vectoring process
then does a vector conversion on the N and E numbers to obtain range and
bearing, which are displayed on digital counters in the IPI. Each distance
increment from the odometer logic initiates the entire sequence described,

and results in the updating of bearing and range.

NOTE

The bearing digital display is "“locked out" (i.e.
does not display updated readings) until the
vehicle is driven beyona a 50 meter radius of the
nav initialization point.
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1.7 CREW STATION

The crew station consists of seats, footrests, inboard handholds, outboard
handholds, arm rest, floor panels, seat belts, fenders, and toeholds.

1.7.1 Seats

LRV seats are tubular aluminum frames spanned by nylon (figure 1-28). The
seats are folded flat onto the center chassis for launch and erected to the
operational position by the crew after LRV deployment on the Tunar surface.
The seat back is used to support and restrzin the PLSS from lateral motion
when the crew is positioned for LRV operation. Velcro pads on the seat backs
mate with velcro on the crewman's PLSS to aid in lateral restraint. These
pads, at crew option, can be covered to prevent seat back/PLSS attachment.
Covers for these pads are provided as part of the LRV and can be installed
or removed at KSC before LRV installation in the LM.

***]1G Trainer Note***

The 1G Trainer is also equipped with removable seat
pads which allow comfortable operation in a "shirt
sleeve" training session.

1.7.2 Footrests

For launch, each footrest (figure 1-28) is stowed against the center chassis
floor and secured by two velcro straps. The footrests are deployed bv the
crew on the lunar surface.

1.7.3 Inboard Handholds

Inboard handholds (figure 1-28) are constructed of 1 inch 0. D. aluminum
tubing and are used to aid the crew during ingress and earess. The handhoids
also contain payload attach receptacles for the 16 mm data acquisition camera
and the LCRU low gain antenna.

1.7.4 Qutboard Handholds

Outboard handholds are integral parts of the chassis (figure 1-28) and are
used to provide crew comfort and stability when seated on the LRV and for
attachment of the seat belt.

1.7.5 Arm Rest

The arm rest {fiqure 1-28) is used to support the arm of crewmen during hand
controller manipulation.
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1.7.6 Seat Belts

A seat belt is provided at each seat. The seat belts {figure 1-29) are
constructed of nylon webbing. The belt end terminates in a hook which is
secured to the outboard handhold. Beit length adjustment is provided by an
adjustment buckle. A stretch section of the belt permits normal fastenina
and release. Final length adjustment for specific crew inembers is accom-
plished at KSC. This length is indexed by white thread stitching at the
point where the belt loops over the buckle.

1.7.7 Fenders

Each wheel is covered by a fiberglass fender. To permit LRV folding for LM
installation, the fenders were required to be compressed into a smaller
envelope than their operational configuration, resulting in each fender
having a deployable extension. The deployable portion of each fender
(figure 1-28) is positioned by the astronaut during LRV deployment on the
Tunar surface. The front fenders also have a flap at the rear end to pro-
vide increased dust protection.

1.7.8 Toeholds

There are two toeholds, one on either side of the vehicle. The toehold is
used to aid the crew in ingressing and egressing the LRV. The toehold is
formed by dismantling the LRV/LM interface tripods and using the leg pre-
viously used as the tripod center member (figure 2-6) as the toehold. The
tripod member is inserted into the chassis receptacle to form the operational
position of the toehold.

NOTE

The toeholds are also used as tools to actuate the wheel-
decoupling mechanism and to release the telescoping tubes
and saddle fitting on the forward chassis (P2, Figure 2-6).
Either toehold may be used for decoupling.

1.7.9 Floor Panels

The floor panels in the crew station area are beaded aluminum panels (figure
1-30). The floor is structurally capable of supporting the full weight of
standing astronauts in lunar gravity.

***1G Trainer Note***
The 1G Trainer floor panels are flat plates in lieu

of beaded panels and are capable of supporting the
full weight of standing astronauts in 1G.
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FIGURE 1-29 SEAT BELTS
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1.8 THERMAL CONTROL

1.8.1 LRV Thermal Control

Thermal control systems are incorporated into the LRV to maintain temperature
sensitive components within the appropriate temperature limits during the
translunar phase of a mission and during its operational Tife on the lunar
surface. Thermal control systems consist of special surface finishes, multi-
layer insulation, space radiators, thermal straps, and fusible mass heat sinks.
In addition, the LM thermal blanket encloses the lower portion of the stowed
LRV to prevent heat damage to the LRV from the LM descent engine during the
Fire-Until-Touchdown phase of lunar landing (Figure 1-30.1).

**%1G Trainer Note***

Thermal control for the 1G Trainer is described in
Paragraph 1.8.6.

1.8.2 Forward Chassis Thermal Control

The basic concept of thermal control for forward chassis components is energy
storage during operation with subsequent energy transfer to deep space while
the vehicle is parked between sorties. During operation heat energy released
in the Drive Control Electronics (DCE) is stored in the DCE and the DCE thermal
control unit {(a fusible mass device) (Figure 1-32). Heat energy released in
the Signal Processing Unit (SPU) is stored in the SPU, the SPU thermal control
unit (a fusible mass device) and Battery No. 1. The SPU is thermally connected
to Battery No. 1 by means of the SPU thermal strap (Figure 1-33). Heat energy
released in the Directional Gyro Unit (DGU) is stored in the DGU, and by means cf
the DGU thermal strap (Figure 1-34), in Battery No. 2. Space radiators are
mounted on the top of the SPU, DCE, Battery 1 and Battery 2 (Figure 1-31).
Fused silica second surface mirrors are bonded to the radiators to minimize

the solar energy absorbed by an exposed radiator, and to minimize the degrada-
tion of the radiating surface by the space and lunar environment. The space
radiators are exposed only during the parking period between sorties. During
sortie operation the space radiators are protected from lunar dust by covers
(Figure 1-31) on Battery No. 1 and the DCE; the SPU radiator and the radiator
on Battery No. 2. These dust covers are opened manually at the end of a sortie.
An over center latch (Figure 1-35), holds the dust covers open until battery
temperatures reach 45°F (+ 5°F), at which time a bimetallic spring disengages
the overcenter latch allowing the dust covers to close. The SPU dust cover is
slaved to the Battery No. 1 dust cover.

In addition to the dust covers, a multi-layer insulation blanket (Figure 1-36)
is provided to protect the forward chassis components from the space and lunar
surface environments. The exterior, and certain portions of the interior, of
the multi-layer insulation blanket are covered with a layer of Beta Cloth to
protect against wear and direct solar or hot gas heat loads.

1-54
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7.8.2 (Continued)

During a sortie, the astronauts can monitor the battery temperature by a meter
on the Control and Display Cnnsole.

1.8.3 Control and Display Console

A1l instruments on the Control and Display Console are mounted to an aluminum
plate. The external surfaces of the C8D console are coated with thermal
control paint (Dow-Corning 92-007), and the face plate is black anodized and
is isolated from the instrument mounting plate by raciation shields and fiber-
glass mounts. Thermal control of the C&D console is totally passive.

1.8.4 Center and Aft Chassis

Handholds, footrests, tubular sections of seats and center and aft floor
panels are anodized. The underside of the center chassis floor panels are
covered with aluminum foil insulation to prevent LRV components from becomina
too cold during translunar flight.

1.€.5 Mobility Subsystem

The traction drive assemblies are coated with thermal control paint to mini-
mize solar energy absorbed and utilizes its own mass in conjunction with the
suspension assembly to store heat energy released by the traction drive
motor and harmonic drive.

The steering motor utilizes the comclete steering motor and transmission
assembly and chassis to store heat energy released by the steering metor.

The hand controller primary source of heat consumption is from solar energy.
The surface finish is such that a minimum of solar energy is absorbed.

Each of the above units utilizes energy transfer to deep space while vehicle
is parked between sorties to Jower the starting temperature of each sortie.

1.6.6 1G Trainer Thermal Control

Whereas the LRV Flight Unit utilizes radiation to effect thermal control,

the 16 Trainer relies primarily on convection to the atmosphere. The follow-
ing 1G Trainer elements are cooled by thermostatically controlled fan blowers:
traction drive (4 units) electronics assembly, battery (2 units), motor
controller assembly (2 units), C&D console, DGU, and SPU. This makes a total
of 12 separate blowers on the vehicle. Each fan motor thermostatic switch
closes upon a rising temperature at a predetermined value, thereby applying
hattery voltage to a fan motor. When the temperature of the thermostat falls
below a predetermined value, the switch opens, thereby shutting the fan motor
off. Cooling fan motors and instrumentation warning thermostats are set as
noted in Table 1-2.
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COOLING FAN MOTOR THERMOSTATS SET AT:
Close On Open On

Sub Assembly Rise Temp Fall Temp
Traction Drive Motor (4 units) 160 + 10°F | 140 + 10°F
Electronics Assembly (1 unit) 100 + 5°F 85 + 5°F
Battery (2 units) 100 + 5 °F 85 + 5°F
Motor Controller Assembly (2 units) 100 + 5°F 85 + 5°F
Display & Control Console (1 unit) 120 + 3°F 114 + 3°F
Navigation SPU 120 + 3°F 114 + 3°F
Navigation DGU 150 + 5°F 140 + 5°F
WARNING FLAG THERMOSTATS SET AT:

) Close On Open On
Sub_Assembly Rise Temp Fall Temp
Traction Drive Motor (4 units) 225 + 5°F 175 + 10°F
Traction Drive Gear Reducer (4 units) 200 + 5°F 150 + 10°F
Battery (2 units) 160 + 5°F 120 + 5°F
ANALOG DISPLAY THERMISTORS RESISTANCE VALUES ARE:

Traction Drive Motor (4 units) Thermistor 3750 ohms + 107 @ 80°F
315 ohms + 20% @ 225°F

Battery (2 units) Thermistor 553 ohms + 5% © 80°F
640 ohms + 5% © 160°F

TABLE 1-2 1G TRAINER THERMAL CONTROL DEVICE SET POINTS
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1.8.6 (Continued)

NOTE

The forward wheel traction drive fan blowers are
enabled provided that there is power through at
least one forward drive power switch. Similarly,
the rear wheel traction drive fan blowers are
enabled provided there is power through at least
one rear drive power switch.

In addition to protective cooling, thermal instrumentation display at the

C&D is provided for the traction drives and batteries. The display takes the
form either of a discrete warning by a warning flag (activated by a thermostat
or an analog temperature display, { as sensed by a thermistor). Warning flag
thermostats are located on the external motor case of each traction drive
motor, on the external case of each traction drive gear reducer, and within
each battery assembly. Thermostats are set as noted in Table 1-2. Note that

a warning flag activation can be generated in a traction drive assembly by
either the drive motor or the gear reducer assembly. Since only the drive motor
has its temperature displayed on the console meters, a condition could arise
where a "hot" gear reducer activated the warning flag but none of the tempera-
ture indicating meters show an abnormally high temperature, i.e., the drive
motor associated with the hot gear reducer has a normal temperature. Under
this condition it would be impossible for the operator to isolate the over-
temperature to a specific subassembly. To alleviate this condition, the gear
reducer warning thermostat is connected through a circuit such that whenever it
closes it switches a low resistance across the associated drive motor thermis-
tor; thereby, causing an abnormally high temperature reading to be displayed.
Thus, the affected traction drive assembly can be isolated.

Analog temperature thermistors are located on the external case of each drive
motor and on the main battery bus within each battery. Thermistors located

in each assembly are monitored by a bridge circuit in the D&C console and the
output of the bridge drives the display meters, which are calibrated in degrees
Fshrenheit. By interrogating the temperature display meters, an overtemperature
condition can be isolated to the specific subassembly and corrective action
initiated. The nominal resistance values associated with both an ambient
temperature and a "hot" temperature for these thermistors is noted in Table 1-2.
It should be noted that only the battery reaaout meter is calibrated to indicate
the thermistor temperature. The drive motor meters are calibrated to read the
internal motor (rotor) temperature even though the thermistor is located
external on the motor case and hence at much cooler location. Thus, the meter
indicated temperature for each motor will be 450°F to 500°F when the thermistor
is measuring an actual case temperature of 225°F. The cooling fan motors

will activate when the meter indicated temperature is nominally 350°F.
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1.9 SPACE SUPPORT EQUIPMENT (SSE)

The Space Support Equipment (SSE) consists of two basic subsystems of haru-
ware, the structural support subsystem and the deployment hardware subsystem.
The function of the structural support subsystem is to structurally support
the LRV in the LM during launch boost, earth-lunar transit and lanaing. The
function of the deployment hardware subsystem is to ueploy the LRV from the
LM to the lunar surface after landing.

1.9.1 Structural Support Description

The structural support subsystem by which the LRV is attached to the LM in-
cludes two steel support spools at the lower (left and right) sides of the LM
quadrant (figure 1-37). The spools are bolted to Grumman Aircraft Corporation
(GAC) attach fittings. Aluminum tube tripod structures attached to the LRV
center chassis terminate in apex fittings which are pinned together and
clamped to the spools to support the LRV. The LRV is restrained against ro-
tation about the spool by an aluminum strut which connects the upper inboard
LM quadrant corner structure to an LRV center chassis standoff.

1.9.2 Deployment Hardware Description

The deployment hardware system (figure 1-37) consists of bellcranks, linkages
and pins to release the LRV from the structural support subsystem, thus
allowing the LRV to deploy from the LM. It also consists of braked reels,
braked reel operating tapes, braked reel cables, LRV rotation initiating
push-off spring, ceployment cable, telescopic tubes, chassis latches, releasc
pin mechanisms, and LRV rotation support points.

1.9.3 Deployment Mechanism Operations

The LRV is attached tc the SSE anc deployment mechanism and held in position

in the LM Quadrant as shown in figure 1-38. The deployment of the LRV frou tii:
LM to the lunar surface consists of five basic steps or phases:

Phase I - Deployment from the stowed position of botn braked reel operating
tapes and the deployment cable (figure 1-39, inset (A) )

Phase 11 - Operating the D-Handle to disconnect the LRV from the structura!
support subsystem (figure 1-39, inset .A: ).

Phase III - Operating the right hand reel to unfold the LRV and lower the

aft chassis wheels to the lunar surface (figure 1-39, insets (Dj
L, and (L ).
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1.9.3 (Continued)

Phase IV - Operating the left hand reel to lower the forward chassis
wheels to the lunar surface (figure 1-39, inset (E) ).

Phase V - Disconnecting the SSE from the LRY after all four wheels are on
the surface %figure 1-39, inset

1.9.3.1 Phase I Deployment Description

This phase consists of visual inspection, removal of the LRV thermal blanket
(figure 1-30.1), and the deployment of the two braked reel operating tapes and
the deployment cable from their stowed positions. The right hand reel
operating tape is attached down the right hand side of the LRV center chassis
by velcro tape and is stowed in a nylon bag attached to the lower, right sup-
port arm by velcro tape. The left hand reel operating tape is stowed

in a nylon bag attached to the lower left support arm by velcro tape (figure
1-40). The deployment cable is stowed on the left side of the LRV center
chassis by teflon clips. The deployment cable is used to manually assist
deployment of the LRV,

1.9.3.2 Phase 11 Deployment Description

At the completion of Phase I, the astronaut actuates the D-handle, which is
located on the right side of the porch (figure 1-41). The first 5 to 6 inches
of travel of the D-handle pulls the two lower release pins (figure 1-42) out

of the apex fittings, releasing the lower half of the apex fittings, allowing
the lower fitting halves to fall away immediately or during deployment rota-
tion. The apex fittings are now configured to 1ift off of the spools when
required. The last segment of travel of the D-handle removes the upper release
pin. When the upper release pin is removed, the push-off spring rotates the
LRV out from the LM approximately 4°, taking up the slack in the outer braked
reel cables.

1.9.3.3 Phase 111 Deployment Description

The LRV is now released from the LM and is ready to be deployed to the lunar
surface. During the entire Phase III operations, the astronaut operates the
right hand reel operating tape. The braked reel (figure 1-43) is a worm

and worm gear arrangement. When the operating tape is pulled, the cable
storage drum is rotated, thus releasing (feeding off) two cables from the drum.
These cables are attached to the LRV center chassis and as the cable feeds off
the drum the LRV rotates and deploys. For the first 15° of rotation, the LRV
rotates on the apex fittings. At 15° rotation, the lower support arms are
engaged by the LRV and the point of rotation shifts from the apex fittings to
the lower support arm, at which point the apex fitting 1ifts off of the spools.
The deployment cable is continuously pulled by the second crewman to always
maintain some tension on the deployment cable.

1-68
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1.9.3.3 (Continued)

The LRV continues to rotate about the lower support arm. At 35° rotation,
Jower telescopic tubes ratchets are engaged, preventing any reverse rotation
of the telescopic tube assembly about its lower pivot points. The telescopic
tube assembly consists of a pair of telescoped aluminum tubes, hinged to the
GAC structure (lower center of the LM quadrant) and connected at the top by
the saddle (figure 1-44). The aluminum saddle fits to the forward section of
the forward chassis, held by two dowel pins and a ball-lock pin clevis joint.
The saddle incorporates the pulleys, cables and ball-lock pins that unlock

the forward and aft LRV chassis from the stowed (folded) LRV position. As

the LRV moves outboard, the center cable tightens, rotating a large pulley
which in turn rotates the smaller pulleys, each of which in turn tighten a
steel cable pulling a ball-Tock pin. The two ball-lock pins Tock the forward
and aft chassis to the console post mounted on the center chassis (figure 1-45).
The astronaut is warned of impending chassis release by marks on the operating
tape first appearing at 6 feet of tape length ahead of chassis release. If
either the aft chassis latch pins or the forward chassis latch pin fails to
pull, the deployment cable may be pulled to accomplish this action. The
mechanical advantage of the deployment cable through the pulleys to the pins
themselves is 5 to 1.

The telescopic tubes and forward chassis stops between 44° and 50° due to the
center cable (chassis latch actuating cable) becoming taut, then by counter-
acting forces of the LRV forward chassis hinge torsion spring, the telescopic
tubes and forward chassis return to the 35° position (stop due to the tele-
scopic tube ratchet). The center chassis and aft chassis continue to deploy.
After it is unlocked, the aft chassis fully deploys (unfolds) due to the aft
chassis hinge torque bars, until it latches with the center chassis. Aft
chassis deployment will require assistance by the deployment cable when an off-
nominal vehicle landing attitude is encountered.

The wire mesh LRV wheels are held in the stowed position by four aluminum tube
struts. One end of each strut is held by a steel pin to the aft or forward
chassis structure (figure 1-46). The other end of each strut is held to a

wheel hub by a pin (in the hub). The pins in the chassis are pulled by a steel
cable. This occurs at approximately 170° of either forward or aft chassis
rotation. When the pins are pulled, the spring-loaded wheels move to deployed
or operational position. As the wheels rotate outboard to the deployed position,
a mechanism within the wheel hub retracts the remaining pin retaining the wheel
strut, allowing it to fall free during wheel deployment movement. Each strut

is retained by a 1/8 inch diameter mylar tether.

Also, as the wheels deploy outward, the lower suspension arm position changes
and the roll pin on the arm releases the wheel bulge retention cable ball (figure
1-47) allowing the wire mesh of the wheel to return to its free state.

The LRV center/aft chassis continues outboard rotation, pivoting around the
lower support arm latch. During LRV outboard rotation, the telescopic tubes
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1.9.3.3 (Continued)

extend (lengthen). Before 70° LRV rotation an anti-collapse telescopic tube
latch in each tube engages to prevent shortening (but permit elongation) of
the tubes.

At approximately 73° center chassis angle, the lobe (cam) (figure 1-38) on

the forward sides of the center chassis strut (engaged in the lower support

arm latch) strikes the steel latch Tock arm. As the chassis rotates, the

cam forces the latch Tock arm down out of a safety retaining spring, and
unlocks the latch. The center/aft chassis continues to rotate until the

aft chassis wheels are on the surface. The wheels are locked with the emer-
gency hand brake, and therefore must slide on the surface during the remainder
of the deployment. Depending on the landing attitude of the LM and the condi-
tion of the surface, the wheels might not slide on the lunar surface, therefore
use of the deployment cable by the astronaut would be required. The astronaut
continues to actuate right hand reel operatina cable to allow the forward
chassis hinge torsion springs to deploy the forward chassis. Concurrently, the
center/aft chassis move outboard, away from the LM. At this point in the
sequence, the center cable becomes taut due to the outboard movement of the
.entire LRV. The center chassis continues to move down and, driven by the
forward chassis springs, outboard. As the angle between forward and center
chassis approaches 170°, the forward wheel lock strut pins in the forward
chassis release, and the forward wheels deploy like the previously described
aft wheel deployment. The astronaut then pulls the pins that attach the two
outer braked reel cables to the center chassis.

Phase III is complete (motion ceases) with the aft wheels on the lunar surface,
with forward and aft chassis locked to the center chassis, all wheels deployed,
all four wheel struts free and hanging from their tethers, the outer braked
reel cables released, and with the forward chassis held up by the telescopic
tube assembly and the center cable.

1.9.3.4 Phase IV Deployment Description

This phase of the deployment consists of the astronaut actuating the left
hand reel operating tape, thus allowing the forward wheels to lower to

the surface. Again, the deployment cable may be required at this point if
the aft wheels will not slide on the surface.

1.9.3.5 Phase V Deployment Description
This phase consists of releasing the deployment hardware from the LRV. The

astronaut pulls up on the saddle release cable, located on the left rear
side of the forward chassis, marked with gold striped tape. This operation

6/2 Page 1-78
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1.9.3.5 (Continued)

releases a ball-lock pin which holds the saddle on the forward chassis. When
the saddle is released, the following hardware goes with it:

a. Telescopic tube assembly.
b. Forward and aft chassis lock release pins.
c. Forward chassis wheel lock struts and tethers.

The astronaut then pulls a ball lock pin, lTocated on the aft center of the

aft chassis. This releases the deployment cable and the aft chassis wheel

Tock strut tethers. At this point, the deployment from the LM to the lunar
surface is complete.
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SECTION 2
NORMAL PROCEDURES

INTRODUCTION

This section defines the normal procedures to be followed by the astronauts
for operating the LRV on the lunar surface and the 1G Trainer during earth

training operations.

***1G Trainer Note***

The procedures contained in this section also apply to
1G Trainer operation with the exception of deployment
operations, defined in 2.1. When performing training
per paragraph 2.1 all steps can be performed except
those dealing with pulling the LM D-rings, removing
the insulation blanket, pulling deployment tapes, in-

specting hinge pins, and deploying the inboard handholds.
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@ LRV STOWED IN QUADRANT

® ASTRONAUT REMOVES INSULATION
BLANKET AND DEPLOYS OPERATING
TAPES

© ASTRONAUT OPERATES DEPLOYMENT
RELEASE MECHANISM

@ AFT CHASSIS UNFOLDS
@ REAR WHEELS UNFOLD
@ AFT CHASSIS LOCKS IN

POSITION
CENTER STEEL
LEFT HAND DEPLOYMENT
DEPLOYMENT
TAPE

@ FORWARD CHASSIS LOCKS
IN POSITION. ASTRONAUT
LOWERS LRV TO SURFACE
WITH LEFT HAND DEPLOYMENT

P
® ASTRONAUT DEPLOYS LRV \
FROM STORAGE BAY WITH
RIGHT HAND DEPLOYMENT
TAPE

CENTER STEEL
DEPLOYMENT

©® FORWARD CHASSIS UNFOLDS
@ FRONT WHEELS UNFOLD

@ ASTRONAUT DISCONNECTS LRV
FROM SSE

® ASTRONAUT UNFOLDS SEATS,
FOOTRESTS, (FINAL STEP)

TAPE
FIGURE 2-5 LRV DEPLOYMENT SEQUENCE
Mission J Basic Date 12/4/70 Change Date 7/7/71 _ Page 2-3
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CAUTION/WARNING FLAG
LATCH (REMOVE AND DISCARD
AFTER LRV DEPLOYMENT).

LOCK PIN &
WARNING FLAG
(LOCK PIN REMOVED

AND DISCARDED AFTER

DEPLOYMENT)

TELESCOPING
RODS

- 2

CONTROL AND
DISPLAY CONSOLE

[ REAR STEERING
DECOUPLING PULL

SADDLE

P4

_J

DEPLOYABLE FENDER
SECTION
(TYPICAL 4 PLACES)

RING
RIGHT TOEHOLD
POSITION A
P8
P
P12 - :
“\/3% LATERAL ﬁ ;
FOOT {::l N
P9 |RESTRAINT
o R
REST N
DEPLOYMENT
~ P13 a CABLE RELEASE
o P15 P14
=1 —=—= > AFT
FRONT B F7 {:j lri HINGE YOKE
HINGE N LATCHES  FITTING
LATCHES RELEASE
P3 PIN
Y
A~
Pé6 - — b4
; Vi . ™
LEFT TOEHOLD N _J

POSITION

FORWARD STEERING
DECOUPLING PULL
RING

OUTER BRAKED REEL
CABLE RELEASE PIN
(TWO PLACES, P1 AND P8)

FIGURE 2-6 LRV DEPLOYMENT HARDWARE AND STEERING RING LOCATIONS (SHEET 1 OF 2)

Mission J

Basic Date 12/4/70 Change Date 7/7/71  Page 2-11



LS006 -002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

NOTE: LEFT SIDE TRIPOD
ASSEMBLY SHOWN. RIGHT
SIDE PULL PIN NUMBERS
SHOWN IN PARENTHESIS

CENTER CHASSIS

MEMBER (TOEHOLD
& DECOUPLING

TOOL) QUICK RELEASE PINS

STRUTS
PLAN VIEW

THERMAL BLANKET
VELCRO STRAP

n
,\’\\

D P6 (P12)

SIDE VIEW

FIGURE 2-6 LRV DEPLOYMENT HARDWARE LOCATIONS (SHEET 2 OF 2)
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LIFT TABS
(2 TABS EACH)

STOWED POSITION._,\\\

VELCRO

STRAP PERMA-
NENTLY ATTACHED
______ TO FLOOR PANEL

H

STRAP
SIDE VIEW

FIGURE 2-7 FOOT REST DEPLOYMENT

J Basic Date  12/4/70 _ Cnange Date 7/7/71
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* INBOARD
HANDHOL DS

INBOARD ARMREST

VELCRO STRAP TO

HOLD T-HANDLE FLUSH

WITH CONSOLE BOX FOR
LUNAR SURFACE OPERATIONS

DEPLOYMENT LATCH P7.

PRE-DEPLOYMENT LATCH P13 OPPOSITE SIDE

POSITIONS SHOWN
BY OUTLINE

LEFT SIDE VIEW

* 1G TRAINER INBOARD HANDHOLD CANNOT BE FOLDED DOWN TO
SIMULATE PRE-DEPLOYMENT POSITION DUE TO CABLE RUNS
FROM CONSOLE.

FIGURE 2-8 CONTROL AND DISPLAY CONSOLE DEPLOYMENT

Mission
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INROARD HANDHOLD
TIEDOWN STRAP

.
- :
'Zt‘i‘?‘i;?;‘.i’.’*ﬁf.?f:f
i
e Fi- L

PI.SS SUPPORT SHOWN IN
OUTLINE FOR CLARITY

VIEW 1

SEAT STOWED
LH SEAT SHOWN. RH
SCAT IS MIRROR IMAGE
FXCEPT 1T DOES NOT
HAVE INBOARD HANOHOLD
TIEDOWN STRAP

GRASP
LOCATION

GRASP SEAT
AND LIFT

VIEW 3

GRASP FWD LEGS
CROSS MEMBER
AND LIFT

PULL TAB STRAP
STOWED ON SEAT \
SUPPORT CROSS
MEMBER VELCRO

ROTATE FWD LEGS
TO FULL UP
POSITION

VIEW 6

NOTE: SEQUENCE 1S SAME FOR BOTH
DRIVER & PASSEMGER SEATS.
LEFT SEAT 1S SHOMN.
RIGHT SEAT IS MIRROR IMAGE.

FIGURE 2-9

STOW

INBOARD HANDHOLD TTEDOWN
STRAP BY ATTACHING BACK
TO ORIGINAL STOWAGE
VELCRO.

VELCRO STRAP HOLDS
VELCRO STRAP AT SEAT IN UPRIGHT

FRONT EDGE OF SEAT

IS ONLY FOR HOLDING POSITION TO SEAT
SEAT PANEL IN FULL UP

POSITION.

ROTATE SEAI
AND PLSS
SUPPORT UPWARD

AND PULL OUT RNOTATE SEAT TO

AND RELEASE

VIEW 5

BSLSS STOWAGE
STRAP (RH SEAT)

INBOARD HANDHOLD
TIEDOWN STRAP (LH SEAT)

SEAT SNAPS TO FORWARD LEGS
AS SOON AS CONTACT IS MADE
(SEAT LATCHES)

GRASP SEAT AGAIN &
ROTATE SEAT DOWNWARD

FULL UP, POSITION

VIEW 8  SEAT DEPLOYED

VELCRO STRAP ON
FORWARD SEAT LEG
FASTENS TN DUTBOARD
HANDHOLD ¥ELCRN 10
RETAIN LEGS LPRIGHTS
REMOVE SEAT BELT FROM
UNDERSEAT STOWAGE BAG
AND DRAPE NVER TMBOARD
HANDHOLD

SEAT AND PLSS SUPPORT DEPLOYMENT SEQUENCE
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SEAT BELT PLACED ON INBOARD
HANDHOLD FOR STORAGE PRIOR TO
VEHICLE EGRESS

FIGURE 2-10  CREW POSITION
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CAUTION/WARNING LATCH
(DISCARDED AFTER LRV

DEPLOYMENT)
ALARM
INDICATOR
(ALARM
POSITION)
ATTITUDE >t
INDICATOR A
INDICATOR
DAMPER NAV
POWER
SYSTEM
RESET
LEFTORIGHT
OFF OFF
ICE
SUN SHADOW BEVEE POWER POWER/ TEMPERATURE MONITOR
® TR e Lo i B @
{ »O T oo RS [ | s00- )~ SWITCH
ool | feod: o | i GUARD
[ Qeous a ped © nean | hizo 1,
BAT | 40 40 BATTERY © 20 LECT
20 20 VOLTS® 172 ‘8 250 \
l Oes el 1537 | L O | ® |tm som
AMPS
[ Qewus ¢ [sTEERING DRIVE POWER DRIVE ENABLE SWITCH
BAT2 FORWARD LF RF LF RF er 'nr /GUARD
BUS A B8US A
| O °|@rO O O Grp o
— £ BVDC— BUS C BUSC PWM
@ F & rear LR RR LR AR LR RR
PRIM ss
s o 6 |(G=0|0 © =B G
SEC 8suUsS D BUS D PWM 2
_ s 5 J

. ¢

FIGURE 2-11 CONTROL AND DISPLAY CONSOLE
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LCRU OR GCTA CONNECTOR

‘/ (DISCONNECTED FROM ADAPTER BEFORE
INSTALLING LCRU)

CONNECTOR ADAPTER CAP
(REMOVED AND DISCARDED
BEFORE INSTALLING HIGH
GAIN ANTENNA OR GCTA)

HIGH GAIN ANTENNA
AND GCTA ADAPTER
INSERT (REMAINS ON
LRV AT ALL TIMES)

ALIGNMENT MARK
GCTA POWER CONNECTOR

LRV FWD CHASSIS

SUPPORT
POST
DETAIL A
LOCKS (TYPICAL 2 PLACES)

LRV AUXILTARY CONNECTOR/
LCRU CABLE POWER CONNECTOR

VELCRO PATCH
CABLE TIE-DOWN STRAPS

(SEE DETAIL 73—~\\\\7
1

< LCRU CONNECTOR

LCRU/TV/LRV
CABLE

FIGURE 2-12 LCRU/TV/LRV CABLE STOWAGE

Mission J Basic Date 12/4/70  Cnange Date 7/7/71 uge 2-30
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OPTICAL SIGHT

HI GAIN "S" BAND
ANTENNA

POINTING

COLOR TV CAMERA
HANDLE

e

LOCKING
COLLAR

CONNECTION
TO THE LOW-GAIN
ANTENNA
AND HIGH

RED ALIGNMENT MARKS ON
COLLARS (TYPICAL FOR
HIGH GAIN ANTENNA AND

TV CAMERA)

FIGURE 2-13 LCRU, HIGH GAIN ANTENNA, TV CAMERA INSTALLATION
7/7/71___ 2uge 2-31
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vy 16 MM DATA ACQUISITION
9 CAMERA

LOW GAIN "o
ANTENNA

TO ROTATE AZIMUTH SETTING,
GRASP HANDLE, PUSH DOWN L‘
TO UNLOCK, TURN TO DESIRED

SETTING AND RELEASE. STAFF

LOCKS IN LAST POSITION.

PUSH BUTTON TO
RELEASE AND/OR
REMOVE STAFF

FROM HANDHOLD

LRV INBOARD -
HANDHOLD T

FIGURE 2-14 16 MM DAC AND LOW GAIN ANTENNA INSTALLATION
7/7/1
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LOW GAIN ANTENNA

VELCRG LOOP ON LRV

CABLE CLIP ON LRV
(PRESS CABLE INTO
CLIP 2 PLACES)

*ASTRONAUT FORMS LOOP BY
PLACING CABLE AGAINST
CONSOLE VELCRO AND
PRESSING THE VELCRO
STRAP ONTO ITSELF AFTER
COVLRING CABLE.

ANTENNA CABLE
CONNECTION TO
LCRU

FIGURE 2-15 LCRU LOW GAIN ANTENNA CABLE INSTALLATION ON LUNAR SURFACE
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PALLET SUPPORT POST (STOWED)

NN
NS
\\\ AP
\ \\./ ¢ //
N R ‘ R.H. ADAPTER

LRV REAR CHASSIS

L.H. ADAPTER
LRV STEERING RECOUPLING TOOL

- POST TIEDOWN TAB

FIGURE 2-16 LRV REAR PAYLOAD PALLET ADAPTERS
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PAYLOAD ITEMS MOUNTED ON
PALLET BEFORE LAUNCH
(PAYLOAD ITEMS NOT
SHOWN)

REAR PAYLOAD PALLET

Ve
/ /1
~. z 4':;
AN
\\\/ 7 \\
\‘\ / L
7 (AN P
//7 SESS 7 LRV STEERING RECOUPLING TOOL
P s
PALLET LOCKS IN PLACE <
UPON ENGAGEMENT WITH
L.H. ADAPTER
FIGURE 2-17 REAR PAYLOAD PALLET INSTALLED
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BSLSS SUPPORT STRAP

(

STRAP FROM PLSS
SUPPORT VELCRO ON
FRONT OF SEAT BACK)

BSLSS BAG

LRy PASSENGER SEAT

BSLSS STRAP SECURED TO PLSS SUPPORT
VELCRO ON FRONT OF SEAT BACK

FIGURE 2-18 BUDDY SLSS INSTALLATION
7/7/71
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SWIVEL

INBOARD HANDHOLD

CLAMP HANDLE MAP HOLDER
r_—(LATCHING DEVICE)

POINTER
(STOWED)

4

|

NOTE: MAP HOLDER CAN BE INSTALLED
ON LEFT OR RIGHT HANDHOLD

FIGURE 2-18.1 MAP HOLDER INSTALLATION
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SEAT TUBE
BAG
VELCRO
STRAP
GNOMON BAG
ATTACH AREAS
SECTION A-A
GNOMON BAG ATTACHMENT
LH SEAT AT TOP OF SEAT
A
N | 38 Ja 11
]

SECTION B-B

i = = GNOMON BAG ATTACHMENT
| " AT BOTTOM OF SEAT
[l

o

VELCRO STRAP (2 PL)
W

GNOMON BAG

FIGURE 2-18.2 GNOMON BAG ATTACHMENT TO LRV
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APPENDIX A
LASER RANGING
RETRO REFLECTOR
(LR3)
APOLLO LUNAR
55 SURFACE DRILL

(ALSD)

v

SEAT BELT _—_J///

LMP SEAT PAN

FIGURE 2-18.3 INTERIM STOWAGL OF LR3 AND ALSD
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DECOUPLING
MECHANISM

DECOUPLING TOOL

GEEEHOLD SECONDARY WHEEL
PULL OUT
& ROTATE
CCW .
- TRACTION
DRIVE

TYPICAL 2 PLACES
ON EACH WHEEL

FIGURE 2-19 WHEEL DECOUPLING MECHANISM/DECOUPLING TOOL
ATTACHMENT
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DECOUPLING MECHANISM

TRACTION
DRIVE

WHEEL HUB SCREW LOCKWIRE

DECOUPLING MECHANISM
RETENTION BAR

DECOUPLING MECHANISM LOAD

DECOUPLING FITTING (ON WHEEL)

MECHANISM

"FREE WHEELING" BEARING
(WHEEL ROTATES ABOUT
TRACTION DRIVE AT THIS
INTERFACE)

WHEEL DECOUPLED

FIGURE 2-20 WHEEL DECOUPLING MECHANISM POSITIONS
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DECOUPLING RING FOR FRONT
STEERING MOTOR

DECOUPLING RING FOR REAR

STEERING MOTOR
HINGE FITTING

RING TIE-DOWN AT
TAPE

- ////“ DECOUPLING RING
=3

TAPE REMOVAL PULL
TAB

VIEW A-A
TYPICAL FRONT AND REAR

FIGURE 2-21 STEERING DECOUPLING RING LOCATIONS
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AFT PAYLOAD PALLET
(PAYLOAD ITEMS NOT
SHOWN FOR CLARITY)

STOWAGE FOR LRV-1

TOOL STOWAGE BLOCK

TOOL TIE-DOWN STRAP PULL TAB

FIGURE 2-22 STEERING RECOUPLING TOOL STOWAGE

STEERING RECOUPLING TOOL
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REAR CHASSIS

STEERING GEAR

LOCKING PIN
(LIFT WITH RE-
COUPLING TOOL TO

RECOUPLE)

GEAR STEERING MOTOR

P——»FND

GEAR

BEVEL - SPUR GEAR SHAFT

DECOUPLING (PUSH DOWN TO RECOUPLE)

ARM SPRING
SCISSORS RETENTION

NOTCH ON SHAFT

’///)'r FWD

DECOUPLING ARM
SCISSORS MECHANISM

(CONFIGURATION OF DECOUPLED
REAR STEERING SHOWN)

TO DECOUPLING
RING

DETAIL A
REAR STEERING RECOUPLING COMPONENTS

FIGURE 2-23 REAR STEERING RECOUPLING
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SECTION 3
MALFUNCTION PROCEDURES

3.0 INTRODUCTION

Malfunction procedures encompass the recognition, diagnosis, and corrective
action for system malfunctions. In most cases, the crew is alerted to a
malfunction condition by Control and Display Panel meters or indicators.

The crew will then locate, correct, or isolate the malfunction and determine
its effect on the scheduled mission. In general, the procedures cover
significant single failures. Double unrelated failures are not covered to
prevent procedures from becoming complex and unmanageable. Malfunctions of a
minor nature not requiring detailed procedures are covered in Section 2.

The malfunction procedures are arranged in logic flow diagram format and
arranged by symptom routine. A three column format is used for symptom
routine logic flow diagrams. A description and use of each of these
columns is as follows.

3.1 SYMPTOM COLUMN

The primary purpose of the symptom column is to allow entry into the malfunction
procedures. This block explains and qualifies the situation so that the

reader understands the symptom or condition that exists. Al1 symptoms are
numbered in sequence starting with the number 1.

3.2 PROCEDURE COLUMN

The procedure column presents a step-by-step logic flow diagram of actions
and decisions used to isolate or correct a malfunction symptom. This
information is presented with several types of logic blocks. These blocks
contain the procedures, decisions, and actions to locate and isolate the
failure. Remote event symbols are used to reference items in the remarks
column or to refer to other procedural steps.

3.3 REMARKS COLUMN
This column will include the following information:
0 Amplifying additional remarks related to the symptom.

L] Amplifying remarks which relate to a decision and/or action
items (e.g., why a step is taken, etc.)

) Explain resultant system status or operational capability after a
failure has been identified, i.e., how subsystem is degraded, can
degraded subsystem support primary mission, early termination
of mission, etc.

¢ Cautions or warnings, as necessary, to cover conditions that may
exist because of a failure.

12/4/170
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MALFUNCTION PROCEDURES

CAUTION AND WARNING FLAG ACTUATES
EITHER BATTERY TEMP > 125°F
ANY DRIVE MOTOR TEMP > 4CO°F

ABNORMAL IMBALANCE BETWEEN BAT 1 AND BAT 2
AMPS (VEHICLE ACCELERATION NORMAL OR LOW)

FRONT (REAR) WHEELS DO NOT RESPOND TO
HAND CONTROLLER STEERIMG COMMANDS

ONE OR MORE WHEELS DRIVE WHILE IN
NEUTRAL

LOSS OF DRIVE FROM ONE OR TWO WHEELS
(COMMANDED ACCELERATION ABNORMALLY LOW)

COMMANDED VEHICLE SPEED ABNORMALLY HIGH
(SPEED NOT VARIABLE ON ONE OR MORE WHEELS)

LOSS OF DRIVE FROM ALL WHEELS
BRAKE WILL NOT RELEASE
LOSS OF VOICE COMM WITH MSFN

NOTE: MALFUNCTIONS DURING LRV DEPLOYMENT ARE COVERED

IN DETAIL IN SECTION 2.0.

TABLE 3-1 MALFUNCTION PROCEDURES

[Sa)

11

PAGE

3-3
3-3
3-4
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SYMPTOM

PROCEDURE

REMARKS

2 YMF
(1] SYMPTOM IF CAW FLAG CONTIN-
CAUTION AND YES UES TO ACTUATE OR
VARNING FLAG i  RESET Caii  |=mmt CLTHER BATTERY 2 33 WILL NOT RESET,
ACTUATES FI.AG - LEAVE FLAG UP AND
IGNORE IT. MONITOR
ALL TEMPS AT MORE
o FREQUENT INTERVALS.
3 SYMPTOM
YES
ANY MOTOR
TEMP > 400°F 3 3-4
NO
] 4
PROBABLE C&H
SYSTEM MAL-
FUNCTION
1] 2 3] (1) ALL KT BREAKERS
TRFORM MCC OF  NEXT STOP SHOULD
EITHER BATTERY ¥Es| ANP_HOUR READ- ; .
TEMP S 125°F VOLTS/AMPS  |gimd TNGS AND REMOVE ORIENT LRV CROSS REMAIN CLOSED
NORMAL? BATTERY COVERS WILL
LOADS FROM SUN FROM RIGHT AUTOMATICALLY CLOSE
AFFECTED BATTERY PAISE BATTERY 3
WHEN PROPER TEMP
COVERS, POWER LEVELS ARE REACHED
NO DOWN LRV EXCEPT |
C? ] For nav svsew.
MONITOR BATTERY
SYMPTUM [4] TEMP.
BATTERY TEMP
4 INDICATES @
3-4 GRADUAL COOLDOWN RATE IN
COOLDOWN? > ] ACCORDANCE WITH
APPENDIX A.
NO YES BATTERY THERMAL
CAPABILITY DE-
] GRADED (:)
BATTERY MAY BE
OPEN KT BRIRS UTILIZED WHEN
RBC THEN CLOSE (;) TEMPERATURE PERMITS
T o
DISREGARD TEMPERATURE
AW FLAG NO ﬁﬁggAgEESSQTTERY INDICATION.
ACTUATE? FAILURE MONITOR A-H,
L VOLTS/AMPS.
Ci)
5 Dt GRADED MISSION.

CONTINUE MISSION,
MONITOR A-H READ-
INGS. TRANSFER
LOADS TO OTHER
BATTERY

_.__,fj ]

0BABLE INTERNAL

BATTERY SHORT OR
CONNECTOR SHORT

SYMPTOM PROCEDURE REMARKS
TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM
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SYMPTOM

PROCEDURE

REMARKS

3

o3

RIVE POWER CAN BE
my 2 R WHEN

oot | | o e » i

TEM FOR AFFECTED MOTOR TEMP :

ABNORMALLY HIGHER VREEL POWER OFF ON RR

THAN OTHER 3 WS PuR OFF INDICATE GRADUAL | | \WEEL WILL DISABLE

WHEELS ~ DRIVE ENABLE COOL DOWN? SPEED METER. POWER

QOFf OFF ON ANY TWO

WHEELS WILL DISABLE

(f) (;) YES(1) | Nav SvSTEM.
— |
. BRIVE POMER CAN BE
MOTOR TEMP HOoR THERMAL gg??gh¥EDTQ;QF?§?
SENSOR FAILURE Caonsl DICATION SHOULO ot

®

POWER OFF ON RR

WHEEL WILL DISABLE
SPEED METER. POWER
OFF ON ANY TWO WHEELS
WILL DISABLE NAV SYS-
TEM.

2
1]
ABNORMAL IMBAL - ONE AT A TIME: "'<:>
ANCE BETWEEN DRIVE POWER === | SHORT IN DRIVE @
BAT 1 AND BAT 2 SWITCHES (4) OFF, MOTOR OR DRIVE
AMPS THEN ORIGINAL PWR CIRCUITRY IF ABNORMAL CONDITION
(VEHICLE ACCEL- POSITION EXISTS ONLY WHEN LRV
ERATION NORMAL YES ‘7 IS IN MOTION, THIS
OR LOW) STEP MUST BE PER-
AMPS RETURN _%J FORMED WITH LRV IN
TO NORMAL WITH FECTED WHEEL: MOTION. SET PARK
ANY DRIVE POWER JRIVE PWR SW OfF BRAKE AT EACH STOP.
SWITCH OFF? ORIVE ENABLE SW
CFF
m _ @
DO NOT ALLOW DRIVE
(3? (f) ENABLE SWITCH TO
I REMAIN IN "OFF"
4 ?J POSITION WHILE
RIVE ENABLE 1 SWITCHING, OR FULL
SWITCHES (4) - POWER TO AFFECTED
PWM PWM 2 FAILURE MOTOR WILL RESULT IF
YES o PARK BRAKE IS NOT
AMPS NORMAL ? : SET.
POWER OFF ON RR
f_J WHEEL WILL DISABLE
SPEED METER. POWER
No PHM SELECT 3§EL°§1§§ELE“3AV"§5§§
SWITCH - PWM 3
TEM.
’ 2l
DRIVE ENABLE
SWITCHES (4) -
Py 2 PWM 1 FAILURE
YES
AMPS NORMAL?
dj
PWM SELECT
SW - FWM 2
L10 ]
SYMPTOM PROCEDURE REMARKS
TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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L5006-072-2H

LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM

PROCEDURE

REMARKS

4 (CONTINUED)

=

[
’Bl PWR SW (4)

ALTERNATE
POSITION

YES

OPEN IN DRIVE
MOTOR POWER

AMPS NORMAL?

NO

CIRCUITRY FOR
ONE BUS

1]

PROBABLE OPEN

.

AFFECTED WHEEL:
- CRIVE PWR SW -

1

CONTINUE MISSION
MONITOR AMP-HOLR

IN DRIVE MOTOR
POWER CIRCUITRY

DR PWR SW (4) -
CFF, THEN BACK
TO ORIGINAL
POSITION ONE AT
A TIME TO

OFF READINGS . ISOLATE MOTOR
- DRIVE ENABLE SW|  |RECONFIGURE FOR NOT DRAWING AMPS
- OFF BATTERY LOAD
SHARING AS NO
REQUIRED FAILED MOTOR
1SOLATED?
‘ YES I
5 : 7] IF WHEELS ARE IN
. ] NOMINAL NEUTRAL STEER
FRONT(REAR WHEELS R POSITION,CREW MAY
o | | [
HAND CONTROLLER [==Pr2TEERIAG SWITCH - STEERING CIRCUITI | WITHOUT MECHANICALLY
STEERING COMMANDS LTE Ton DECOUPLING STEERING.
POSITIO STEERING OEGRADED
PER APPENDIX A.
DO FRONT (REAR)
WHEELS RESPOND (:)
TO HAND
R 3 T0 REDUCE REQUIRED
CONTROLLE N B FORCE, STRAIGHTEN
FORWAR WHEELS BY PUSHING ON
STEQQ,RG<§§3§> WHEEL WITH GREATER
TURNING ANGLE, (I.E.
IF WHEELS ARE TURNED
T RIGHT, PUSH ON
RIGHT WHEEL TO STRAI-
GHTEN) .
4] - HAND TOOL PRY
FORCE MAY BE RE-
CREW OPTION Jum- FORWARD (REAR) QUIRED
STEERING SWITCH - - SIMULTANEOUS PULL
OFF FORCE MAY BE RE-
QUIRED ON DECOUP-
LING RING
DEGRADED OPERATION -
- DECOUPLE FWD STEERING RADIUS IN-
(REAR) STEERING CREASED IN ACCORDANCE
- CENTER & LOCK WITH APPENDIX A.
FuD (REAR) STEERING DECOUPLING
WHEELS PERFORMED IN ACCOR-
DANCE WITH SECTION
2.9.
SYMPTOM PROCEDURE REMARKS
TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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L5006 -002 -21¢
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS
e (:) DO NOT ALLOW DRIVE
1 2] ENABLE SWITCH TO
Al __@ . REMAIN IN OFF
ONE QP 1ORE PWM 2 OUTPUT
STOP LRV, DRIVE J POSITION WHILE
WHEELS DRIVE CIRCUITRY UR -
: ENABLE SW (4) - . a1 SWITCHING, OR F.LL
WHILL IN b DRIVE ENABLE
NEUTRAL WM 1 YES SKITCH "ATLURE POWER TO AFFECTCU
MOTOR WILL RESULT
TRACTION DRIVE
NORMAL ? (:>
POWER OFF ON RR
NO WHEEL WILL DISABLE
1 SPEED METER. POMWER
3 OFF ON ANY TWO
WHEELS WILL DISABLE
'_TlRIVE_ENABLE —® PWM 1 OUTPUT NAV SYSTEM.
S (4) - Pwd 2 CIRCUITRY OR
YES DRIVE ENABLL
TRACTION DRIVE md | SWITCH FATLURE
NORMAL?
NO
5]
DRIVE PWR SW (4)-
OFF, THEN BACK TO
ORIGINAL POSITION
ONE AT A TIME TO
ISOLATE ABNORMAL
WHEEL 6]
DRIVE CONTROL
YES ELECTRONICS
ONLY ONE WHEIL FAILURE
AFFECTED?
w0 o !
8
7] O AFFECTED WHEEL:
- DRIVE PWR SW -
OFF
OPERATE LRV BY - DRIVE ENABLE W]
RELEASING BRAKE - OFF
MOMENTARILY T0
NEUTRAL TO OBTAIN
SPEEL AND THEN
RETURN IT 10
BRAKE IN A CYCLIQ
MANNER
SYMPTOM PROCEDURE REMARKS
TRBLE 3-2, MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
Mission J Basic Date _4/19/7 Change Date 711N Page _ 3-6




L5006-002-2h
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS
7
LOSS OF DRIVE ] —@
FROM ONE OR THO AFFECTED WHEELS:
WHEELS (COMMANDED DRIVE ENABLE SW ®
ACCELERATION - ALTERNATE a3 DO NOT ALLOW DRIVE
ABNORMALLY LOW) POSITION i ENABLE SWITCH TO
REMAIN IN OFF
YES P CIRCUITRY POSITION WHILE
WHEEL DRIVE OR DRIVE ENABLE SWITCHING OR FULL
OPERABLE? SWITCH FAILURC POWER TO AFFECTED
MOTOR WILL RESULT
" ©,
3 1 Ay POWER OFF ON RR
'IJFECTED WHEEL(S) | WHEEL WILL DISABLE
DRIVE POWER SW - DRIVE PWR SPEED METER. POMER
ALTERNATE CIRCUITRY OFF ON ANY TWO WHEELS
POSITION FATLURE WILL DISABLE NAV SYS-
TEM.
YES
WHEEL DRIVE G
OPERABLE? NO 5 |
DRIVE SYSTEM FOR
AFFECTED WHEEL
INOP
6
AFFECTED WHEEL:
DRIVE POWER OFF
DRIVE ENABLE OFF
SYMPTOM PROCEDURE REMARKS

TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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L5076 -002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS
; ¢
COMMANDED 154
VEHICLE SPEED CP LRV. ORIVE
ABNORMALLY HIGH ENABLL SW (4) -
(SPEED NOT PWM 1 (:)
VARIABLE ON ONE
0% MORE WHEELS) 2 | DO NOT ALLOW DRIVE
Pulh 2 CIRCULTRY ENABLE SWITCH TO
YES OF DRIVE ENABLE REMAIN IN OFF
TRACTION DRIVE SWITCH FATLURE PGSITION WHILE
NORMAL? ‘ SWITCHING, OR FULL
POWER TO AFFECTED
MCTOR WILL RESULT
NO
CAUTION SHOULD
BE TAKEN SINCE
3] rﬂ VEHTCLE MAY TEND
DRIVE ENABLE P 1 CIRCUITRY T0 A(;CI-,LERATE TG
SW ) - T 2 OR DRIVL ENABLE ?fﬁy%?%éopbi 1S
TRACTION DRIVE YES SWITCH FATLURE BEFECTIVE
NORMAL?
NO
aj
DRIVE PWR SW (4)-
OFF, THEN BACK TO
ORIGINAL POSITION
ONE AT A TIME TO
ISOLATE ABNORMAL 6
MHEEL I
DRIVE CONTROL
YES ELECTRONICS
ONLY ONE WHEEL FATLURE
AFFLCTED?
no g%zsk OFF ON RR
- AFFECTED WHEEL: WHEEL WILL DISABLE
7] - DRIVE PWR SW - SPEED METER. POWER
OPERATE LRV BY OFF OFF ON ANY TWO WHEELS
ACTUATING THE - DRIVE ENABLE SW WILL DISABLE NAY SYS-
HAND CONTROLLER - OFF TEM.
THROTTLE
MOMENTARILY TO
FORWARD TO
OBTAIN SPEED AND
THEN RETURN IT
T0 NEUTRAL OR
BRAKE INM A
CYCLIC MANNER
SYMPTOM PROCEDURE REMARKS
TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

SYMPTOM PROCE DURE REMARKS
9
! ;
+ 15 VDC SW - 2] + 15 V0C
LOSS OF DRIVE ELTERNATE POS CIRCUTTRY (:)
FROM ALL WHEELS YES FAILURE

TRACTION DRIVE
OPERABLE?

NO

[3 JSET PARK BRAKE
DRIVE ENABLE
SW (4) - PWM 2

P\M SELECT SW -
PWM 2

+ 15 Vi€
CXT BRKR - BOTH
CLOSED

4

SHORT IN PWM 1
CIRCUTTRY LOADING

PROCEED TO NEXT STEP
IF EITHER CKT BRKR
WILL NOT REMAIN CLOSED

©)

POWER OFF ON RR

WHEEL WILL DISABLE
SPEED METER. POWER
OFF ON ANY TWO WHEELS
WILL DISABLE NAV SYS-
TEM.

YES 15 V PWR SUPPLY
TRACTION DRIVE ®
OPERABLE?
IF WHEELS ARE IN
NO NOMINAL NEUTRAL STEER
POSITION, CREW MAY
3 OPTIONALLY DRIVE
SET PARK BRAKE WITHOUT MECHANICALLY
2SI¥§)ENAEE§ = DECOUPLING STEERING.
- STEERING SWITCH MUST
PWM SELECT SW - BE OFF.
PWM S STEERING DEGRADED PER
+ 15 voC __J APPENDIX A.
CiT BRKR - BOTH CHORT IN PUM 2
CLOSED CIRCUITFY LOADING
YES 15 v PHR SUPPLY (:)
5§Q§ZQEE,URIVE T0 REDUCE REQUIRED
? FORCE, STRAIGHTEN
" WHEELS BY PUSHING ON
WHEEL WITH GREATER
T TURNING ANGLE, (I.E.
7 _ © S o ||| HES AT
ONE AT A TIME: CONTROL RIGHT WHEEL TO STRAI-
DRIVE POWER SW(4) ELECTRONICS GHTEN) .
OFF, THEN ON LOADING 15 V PWR - HAND TOOL PRY
. [UPPLY | FORCE MAY BE RE-
+ 15 vOC CKT QUIRED
§3§§a5 BOTH - SIMULTANEOUS PULL
vES 5 FORCE MAY BE RE-
TRACTION DRIVE ’g;]EEETED WHEEL QUIRED ON DECOLP-
OPERABLE WITH VE PWR SW - )
OPERABLE WITH pak DEGRADED OPERATION
C:)""DRIVE ENABLE SH STEERING RADIUS IN
" o - CREASED IN ACCORDANCE
WITH APPENDIX A
o] STEERING DECOUPLING
PERFORMED IN ACCOR-
ONE AT A TIME  p=——==(1) DANCE WITH SECTION
STEERING POWER 2.9.
SW (z) OFF,
THEN ON
Eklg VDEOE:T SHORT IN STEERING
Rk o CIRCUITRY LOADING
L rs V PWR SUPPLY
TRACTION DRIVE YES
OPERABLE WITH
EITHER OFF? @—m
NO
13
AFFECTED STEERING
13] POWER SW - OFF
- DECOUPLE
PROBABLE BAT 1 AFFECTED
AND 2 DEPLETION O steerine
- CENTER & LOCK
WHEELS
SYMPTOM PROCEDURE REMARKS
TAELL 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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LS006-002-2H

LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS
10
1
BRAKE WILL g;"g%ﬂgﬁ JAMMING
NOT RELEASE ME CHANT SM
FAILURE
2 DO NOT ATTEMPT TO
FFECTED WHEEL: DECOUPLE WHEEL WITH
POWER ON OTHER
- DRIVE PWR OFF
TRACTION DRIVES OR
- DRIVE ENABLE OFF STEERING. MOVEMENT
- DECOUPLE WHEEL :
. I OF HAND CONTROLLER
WITH POWER ON COULD
ENDANGER CREW MEMBER.
POWER OFF ON RR
WHEEL WILL DISABLE
SPEED METER. POWER
OFF ON ANY TWO WHEELS
WILL DISABLE NAV SYS-
TEM.
DECOUPLE WHEEL IN
ACCORDANCE WITH
SECTION 2.9.
DRIVE AND BRAKING
IN ACCORDANCE
WITH APPENDIX A.
SYMPTOM PROCEDURE REMARKS
TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS
] ,
1] ] l
L0SS OF VOICE . YEs
COMM WITH MSFN REPOINT ANTENNA EARTH NOT WITHIM e 1)
ANTENNA COVERAGE
COMM OK?
NO 2
3 4 5 |
IS AGC READING SELECT ALTERNATE DID MSFN
52 FOR LGA OR |t MODE YES| PREVIOUSLY
725 FOR HGA? MODE - PM1/WB OR HAVE GOOD
FM/TV DOWNLINK?
POINT SELECTED
ANTENNA NO ves (3
6 9 ' QADING OF SAMPLES
YES o2 MAY MOVE LRV SO AS
COMM OK? S-BAND RECEIVER TO REQUIRE REPOINTS
(;) i FATLURE ING IF USING HGA.
NO _ (2) ALLCW A MINIMUM OF
S-BAND® ANTENNA 30 SEC. FOR MSFN
OR DIPLEXER RESPONSE BEFORE
FAILURE CONTINUING.
(:) (:> IF THE FAILURE IS
IN THE PRIMARY
8 9 SYSTEM (XMTR PWM 1/
LRV AUX CB ves || LOSS OF 16.8 ngs ;;; ES—MUTION
. \ VOLT BATTERY -
- E;QSE PONER S¥ POMER RESTORLD BY
REVERSING THE LGA
com o CONNECTORS
N § [ POINTING THE LGA,
10 AND SELECT- ING --
bROBARLE | MODE - PUM 2/NB.
VOLTAGE REGULATOR REPLACEMENT
FAILURE BATTERY MAY RE-
STORE OPERATION (O 1¢ e FarLoRE 15
THE HGA, TV MAY BI
AVAILABLE TO 210
‘ (:}44 FI. MSFN STATION
17 13 14 (ONLY) BY REVER-
: £ USING LGA SING THE LGA AND
T POWER READING | VES | mooE - pMi/Ne  |LES DowNLInK STGNAL HGA Rf CONNECTORS,
7 IF USING HGA PROCESSOR FAILURE POINTING THE LGA,
MODE - PM2/NB AND SELECTING --
oMM OK? MODE - FM/TV
NO 6 NO @ GP~ @Tms VOLTAGE CANNOT
BE READ BY MSFN OR
8 15 AL/ CREWMAN.
SELECT ALTERNATE| _ [S-BAND XTR OR
LCRU €B - CLOSE MODE - PM1/NB ks _BANG RCVP AUDIC (:)
OR FM/TV pUTPUT FAILURE UPLINK MAY STILL BE
No | POINT SELECTED FUNCTIONAL .
COMM OK? ANTENNA
YES COMM OK?
19
9 NO
MOMENTARY 28 V
OVERLOAD PROBABLE
VHF EQUIP. OR
UPLINK SIG.
PROCESSOR FATLURE
o]
SYMPTOM PROCEDURE REMARKS
TEBLE 3-2. MALFUNCTIOW LOGIC FLOW DIAGRAM (CONTINUED)
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LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS
11 (CONTINUED)
&) 7]
SELEC
oy e |4 [T AT ?
€LOSED? WE OR FA/7V 7
LCRU CE - CLOSE 2
NO SHORT IN 28
REMAI
Etgsgg? N VOLT CIRCUIT
YES
YES @
Z
POINT SCLECTED W
HTENN
AITERA ves || s-BAND xMTR
COMM 0K? SHORTED
NO
2
PROBABLE DAMALE
T0 HODE SWITCH
g “o———————
2
PRCBABLE
RV AUX no Il LCRU 28 voLT
LRV Aux L WIRING OPEN
- CLOSE ERCUIT
POWER SW - EXT .
COMM OK?
YES
i 2
} REPLACEMENT
LOSS OF 28 VOLT am{ BATTERY
BATTERY POWER MAY RESTOR
OPERATIUN
SYMPTOM PROCEDURE REMARKS
TABLE 3-2. MALFUNCTION LOGIC FLOW DIAGRAM (CONTINUED)
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LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SECTION 3A
OTHER CONTINGENCIES

3A.0 INTRODUCTION

This section provides information concerning those emergency and malfunction
procedures either not qualified for detailed procedural study or not con-
sidered essential for contingency planning. These procedures are not subject
to stringent change control and are provided for information only.

Procedures contained in this section are read in the same manner as those
contained in Section 3.

Mission __ Y Basic Date 6/23/71_ Change Date Page 3A-1



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

EMERGENCY PROCEDURES

SYMPTOM NO. PAGE
VEHICLE STEERS HARDOVER 1 3A-4
COMPLETE LOSS OF BRAKING CAPABILITY 2 3A-4
THROTTLE FAILS "ON" IN FORWARD OR REVERSE 3 3A-4
LRV TURNS OVER 4 3A-4

TABLE 3A-1  EMERGENCY PROCEDURES

J Basic Date 6/23/71 Change Date Page 3A-2
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LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

MALFUNCTION PROCEDURES

Mission J Basic Date 6/23/71 Change Date

SYMPTOM NO. PAGE
BATTERY TEMPERATURE MONITOR WILL NOT FUNCTION 1 3A-5
MOTOR TEMPERATURE MONITOR WILL NOT FUNCTION 2 3A-5
SPEED INDICATOR WILL NOT FUNCTION 3 3A-5
BEARING, DISTANCE OR RANGE INDICATORS INOPERATIVE 4 3A-6
SYSTEM RESET SWITCH WILL NOT FUNCTION 5 3A-6
GYRO TORQUING SWITCH WILL NOT FUNCTION 6 3A-7
SUN SHADOW DEVICE INOPERABLE 7 3A-7
NO OUTPUT FROM AUX PWR CONNECTOR 8 3A-7
BATTERY THERMAL DUST COVER WILL NOT CLOSE 9 3A-8
LOSS OF REMAINING STEERING WITH FRONT OR REAR 10 3A-8
STEERING INOPERATIVE

BRAKE WILL NOT ACTIVATE ON ONE WHEEL 11 3A-8
DAMPER INOPERATIVE OR DEGRADED 12 3A-8
SLIDE SECTION OF DEPLOYABLE FENDER WILL NOT 13 3A-8
COMPLETELY DEPLOY

TORSION BAR FAILURE 14 3A-8
WHEEL TRACTION POOR 15 3A-8

TABLE 3A-2  MALFUNCTION PROCEDURES
Page 3A-3
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LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM EMERGENCY PROCEDURES REMARKS
1
SYMPTOM
VEHICLE SIMULTANEOUSLY
STEERS ACTUATC BRAKE
HARDOVER AND STEER 5 35
IN DIRECTION
OPPOSITE TO
VEHICLE MOTION
1]
COMPLETE 'STEER VEHICLE
LOSS OF 'T0 SAFEST
BRAKING POSSIBLE LURAIN,
CAPRBILITY TAKING ADVANTAGE
OF SLOPES AND
SMALL IMPEDIMENTS
1TO SLOW AND STOP
VEHICLE
1
THROTTLE }‘J SYMPTOM
FAILS "ON* PLACL HAND
IN FORWARD | CONTROLLER
OR REVERSE IN PARKING 6 3-6
| BRAKE POSITION
1] 2] ]
LRV TURNS TURN + 15 yDC  pm=d UNFASTEN SEAT RIGHT LRV
OVER OFF BELT AND BY GRASPING
EGRESS LRV CENTER CHASSIS
4 5| PERFORM PRE-
o 2] OPERAT [ONAL
INSPECTION
P
POWER Down AND CHECKOUT
OF LRV PER
FOR NAVIGATION SECTION 2
SYMPTNM PROCEDURE REMARKS
TABLE 3A-3 EMERGENCY LOGIC FLOW DIAGRAM
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15006 -002-2H

LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM

MALFUNCTION PROCEDURE REMARKS
] BEARING
] 2] [ 3] DISTANCE AND
BATTERY TEMP ARE MAIN POWER REPORT IPI READING MOMENTARY RANGE COUNTER
MONITOR WILL CIRCUIT BREAKERS TO MCC AND CLOSE OVERLOAD N VALUES WILL
NOT FUNCTION “B" AND "D" MAIN CIRCUIT MAIN POWER CHANGE TO RANDOM
CLOSED? NO |BREAKERS "8" & "D" CIRCUITRY ¥§Lxg§L¥ggN POWER

DOES BATTERY

YES

YES N |TEMP MON FUNCTION?
\

THEREFORE, THESE
READINGS SHOULD
BE REPORTED TO
MCC TO AID IN

Change bate

5 4] ESTABLISHING LRV
POSITION,
BATTERY TEMP @ actiuate
MONITOR INOP SYSTEM
CONTINUE RESET SWITCH
MISSION USING AND_RESUME (@ rec wust provio
C & W FLAG TO SORTIE AS BEARING, RANGE
INDICATE OVER- DIRECTED BY AND DISTANCE IN-
TEMP PROBLEM MCC ESR:éZé?ngASED
REPORTED PRIOR TO
REAPPLYING POWER,
T) BEARING,
2 i 2 L*:i) <:: DISTANCE AND
1] REPORT IPI RANGE COUNTER
ARE MAIN READINGS T0 VALUES WILL
MOTOR TEMP ol POWER CKT NO_,J MCC AND CLOSE CHANGE TO RANDOM
MONITOR WILL BREAKERS FOR CIRCUIT BREAKERS VALUES WHEN POWER
NOT FUNCTION BUSSES B & D FOR BUSSES B & D T3] 1S APPLIED.
CLOSED? DOES MOTOR MOMENTARY THEREFORE, THESE
o e v on
FUNCTION? YES
YES OVERLOAD MCC TO AID IN
ESTABLISHING LRV
POSITION.
5
[ 5] 4 MCC MUST PROVIDE
MCTOR TEMP ®_ ACTIVATE SYSTEM BEARING, RANGE
MONITOR INGP - RESET SWITCH & AND DISTANCE IN-
CONTINUE SORTIE RESUME SORTIE AS FORMATION BASED
RELY ON C & W DIRECTED BY MCC ON READINGS
FLAG FOR OVER REPORTED PRIOR TO
TEMP WARNING REAPPLYING POWER.
(;) (%) (D) searinG,
3 DISTANCE AND
2 3 RANGE COUNTER
r_— 1] 2] bﬁﬁiENTARv VALUES WILL
IS NAV REPORT 1P ’ CHANGE TO RANDOM
SPEED INDICATOR POWER CKT READING TO MCC NAV POWER VALUES WHEN POWER
DOES NOT NO | & RESET NAV PWR SYSTEM OVERLOAD
FUNCTION BREAKER CIRCUIT BREAKER Is APPLIED.
CLOSED? THEREFORE, THESE
DOES SPEED READINGS SHOULD
INDICATOR BE REPORTED TO
YES NO FUNCTION? YES MCC TO AID IN
ESTABLISKING LRV
L4 POSITION.
4] (5]
. HO ROTATIONAL MCC MUST PROVIDE
égussggﬁEEL NO SENSING IN BEARING, RANGE
WHEEL AND DISTANCE IN-
FORMATION BASED
YES ON READINGS
REPORTED PRIOR TO
\ REAPPLYING POWER.
7
6 -
SPEED INDICATOR NO SPEED
INOP - CONTINUE INDICATION AVAIL-
NORMAL MISSION ABLE- CONTINUE
NORMAL MISSION
SYMPTOM PROCEDURE REMARKS
TABLE 3A-4 MALFUNCTION LOGIC FLOW DIAGRAM
Mission J Basic Date _ €/23/71 3A-5




L5006-002-2:

LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SYMPTOM

MALFUNCTION PROCEDURE

REMARKS

4

1] :EPORT 1P
BEARING, DISTANCE o= 1S NAV POMWER READING Té __ (:> BEARING
OR RANGE INDICATORS CIRCUIT BRKR | YES MCC AND RESET 3] DISTANCE AND
INOPERATI VE OPEN? CIRCUIT BRKR TEMPORARY RANGE COUNTER
NAV POMER VALUES WILL
N MO | PepIhENTS | OVERLOAD CHANGE TO RANDOM
! YES VALUES WHEN POWER
; 1S APPLIED,
THEREFORE,, THESE
4 ] READINGS SHOULD
ACTIVATE SYSTEM BE REPORTED TO
(22*— RESET SWITCH & MCC TO AID IN
RESUME SORTIE AS ESTABLISHING LRV
DIRECTED BY MCC POSITION.
\
MCC MUST PROVIDE
[ 5] 6] -4::) ® BEARING, RANGE
ARE ANY MAIN YES .} REPORT 1PI AND DISTANCE IN-
PWR CIRCUIT READING TO FORMATION BASED
BREAKERS OPEN? MCC AND RESET ON READINGS
I 2 REAPPLY NG PONER.
INSTRUMENTS YES L TTEMPORARY
OPERATIVE? P MAIN POWER
no NO oUERLoanE (3 MissIoN wILL e
DEGRADED BY LOSS
OF BEARING INDI-
CATOR, EXTENT
Y DEPENDENT UPON
WHICH SORTIE FAIL-
) 8 URE OCCURS IN AND
<:>'* ACTIVATE SYSTEM ABILITY OF ASTRO-
9 RESET SWITCH & NAUTS TO NAVIGATE
TNDICATOR RESUME SORTIE AS BY DEAD RECKONING
INOP - DIRECTED BY MCC
CONTINUE —)
MISSION USING
DEAD RECKONING
NAVIGATION IF
NECESSARY
5
[ ] DH ] [3] T) BEARING,
YSTEM RESET | REPORT IPI] MOMENTARY ~ DISTANCE AND
gNITCH WILL o E?RECYTPSQEAKER NO | READINGS T0 NAV POWER RANGE COUNTER
NOT FUNCTION CLOSED? MCC & CLOSE OVERLOAD VALUES WILL
AV PWR CIRCUIT CHANGE TO RANDOM
BREAKER } VALUES WHEN POWER
. IS APPLIED.
i ;&'ETSZETEM —es o ] THEREFORE, THESE
| ves NO FINCT IO RESUME READINGS SHOULD
! ? OPERATION BE REPORTED TO
(:) AS DIRCCTED MCC TO AID IN
8y MCC ESTABLISHING LRV
(;) POSITION.
MCC MUST PROVIDE
5 6] 7 @ BEARING, RANGE
ARE MATN NO REPORI 1P1 MOME!ITARY AND DISTANCE IN-
POWER CIRCUIT READI!GS TO MAIN POWER FORMATION BASED
BREAKERS "B" MCC & CLOSE OVERLOAD ON READINGS
AND D" CLOSED? NAV PWR ! REPORTED PRIOR TO
CIRCUIT BREAKER REAPPLYING POWER.
YES NO WILL SYSTEM
—————— RESLT S¥
$ OPERATE? YES
9] e
SYSTEM RESET 2 RESUME
SW CIRCUIT OPERATION AS
INOP - CONTINUE DIRECTED BY
SORTIE AS Mee
DIRECTED BY MCC
USING HAND CAL-
CULATIONS OR MCC
CALCULATIONS FOR
BEARING, RANGE
& DISTANCE READOUTS,
CYMPTOM PROCEDURE REMARKS
TABLF 3A-4 MALFUNCTION LOGIC FLOW DIAGRAMS (CONTINUED)
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LUNAR ROVING VERICLE
OPERATIONS HANDBOOK

SYMPTOM

MALFUNCTION PROCEDURE

REMARKS

6

—

GYRO TORQUING

SWITCH WILL
NOT FUNCTION

(TH.2 3]
REPORT IPI MOMENTARY
_]_] READINGS TO YES|! MAIN POWER
MCC & CLOSE ™| GVERLOAD
IS NAV POWLR MAIN POWER
CIRCUIT BREAKER CIRCUIT * 7
CLOSED? NO BREAKERS “8" 4 (wJ
& "D ACTIVATE SYSTEM
DOES GYRO RESET SWITCH AND
o TORQUING SWITCH™ | RESUME OPERATION
YES [FUNCTION? | AS DIRECTED BY
MCC
Q
Y Y

5 ]

ARE MAIN CIRCUIT
BREAKERS FOR
BUSSES "B" AND "D"{ N
CLOSED?

o

—pr READINGS TO

6]
REPORT IPI]

MCC AND

CLOSE CIRCUIT
BREAKERS FOR
BUSSES "B" AND

i

DOES  GYRO TORQUING

YES
NO
I A
9
GYRD TORQUING
SWITCH OR

CIRCUITRY INOP -
CONTIHNUE SORTIE
USING HAND CAL-
CULATIONS OR MCC
CALCULATIONS FOR
HEADING UPDATE.

SWITCH FUNCTION?

r'-

7]
MOMENT ARY
NAV POWER
OVERLOAD

YES

) 4

ACTIVATE SYSTEM
RESET SWITCH AND
RESUME OPERATION
AS DIRECTED BY

MCC

(T) BEARING,

~" DISTANCE AND
RANGE COUNTER
VALUES WILL
CHANGE TO RANDOM
VALUES WHEN POWER
IS APPLIED.
THEREFORE,, THESE
READINGS SHOULD
BE REPORTED T0
MCC TO AID IN
ESTABLISHING LRV
POSITION.

MCC MUST PROVIDE
BEARING, RANGE
AND DISTANCE IN-
FORMATION BASED
ON READINGS
REPORTED PRIOR TO
REAPPLYING POWER,

Q)

7
1
SITION LRY
SUN SHADOW SO THAT
DEVICE IN- VEHICLE SHADOW
OPERABLE IS STRAIGHT
AHEAD OF VEMICLE
8
3]
) L
2] MOMENTARY
NO QUTPUT 1S AUX POWER CLOSE AUXILIARY AOX PWR
FROM AUX CIRCUIT BREAKER| NG | POWER CIRCUIT NVERLOA
PWR CONNECTOR CLOSED? BREAKER L
’ { OUTPUT FROM .
AUX PWR COMN?
L2Z2 “ 7 b OYES RESUME
YES NO NORMAL
OPERATION
) ¥
5 _fj 7
ARE MAIN CLOSE MALN | MOMENTARY
POMER CIRCUIT | no | POWER CIRCUIT MAIN PWR
BREAKERS A & C GREAKERS A & C OVERLOAD
CLOSED? 0UTPUT FROM —7———
AUX PUR COMN? [Tore -
L T (1) Ho BACKUP
nn T POWER SOURCE
PO o FOR LCRU WILL
PERATION BE AVAILABLE
AUX PHR
CIRCUITRY
INOP -
CONTINUE
NORMAL '
MISSION
SYMPTAM PROCE DURE REMARKS
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SYMPTOM MALFUNCTION PROCEDURE REMARKS
9
_l] GRASP
BATTERY CONNECTING
THERMAL LINK AND
DUST COVER ROTATE LINK
WILL NOT AS SHOWN IN
CLOSE FIGURE 3A-1
10
LOSS Of 1
REMAINING "J
STEERING LOCK REMAINING
WITH FRONT STEERING IN
OR REAR STEER- STRAIGHT AHEAD
ING INOPERATIVE POSITION AND
DRIVE SLOWLY IN
STRAIGHT LINES,
PICKING LRV UP
TO CHANGE
DIRECTION

L ING CAPABILITY.

(‘D__'_I EXTREME SLOPES

BRAKE WILL . BRAKE CABLE AND HIGH SPEED
NOT ACTIVATE - OR OTHER SHOULD 8E AVOIDED.
ON ONE WHEEL MECHANISM BRAKING CAPABILITY
FAILURE FOR ONE WHEEL OUT

IS PRESENTED IN

(1)

FAILURE CAUSES
DEGRADED BRAK-

APPENDIX
12
EQ'SEESABLE A
DEGRADED éggT:XEég
—
¥ Y

] 2 T
SLIDE SECTION o . Q) e ™
DEPLOY, NO
OF DEPLOYABLE ORIENT LRV SO PUSH ON DEPLOY- DEGRADAT ION
FENDER WILL THAT FENDER 1S RBLE SECTION OF LRV PERFOR-
NOT COMPLETELY IN DIRECT SUN- WITH FINGERS MANCE WILL
DEPLOY | LIGHT RESULT DUE
10 DUST
14
R
|
TORSION BAR | DECREASE LRV
FAILURE ; SPEED AND
AVOID
0BSTACLLS

s o
] SLOPE CLIMBING,

BACKING AND TURNIHNG
WHEEL TREAD STRIPS
TRACTION WORN, BENT ““< ) PERFORMANCE DEGRADED,
POOR OR LOST

EXTENT DEPENDENT ON
DEGREE OF DAMAGL .
CONTINUE MISSION.

CYMPTOM PROCEDURE REMARKS
TABLE 3A-4 MALFUNCTION LOGIC FLOW DIAGRAMS (CONTINUED)
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DUST COVER ﬂw:

e

CONNECTING R o:

LINK

BI-METALLIC
ACTUATOR

% Z2
S
BATTERY ———at B
e, \ /
c O ——0 O GRASP AREA -
ROTATE L INKAGE
IN DIRECTION
O o © e SHOWN TO CLOSE
COVER

FIGURE 3A-1 CONTINGENCY DUST COVER CLOSURE
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SECTION 4
AUXILIARY EQUIPMENT

4.0 INTRODUCTION

This section contains the LRV and 1G Trainer auxiliary equipment which includes
provisions for transporting miscellaneous equipment for support of lunar acti-
vities including experiments, communications and photography.

4.1 FORWARD CHASSIS PAYLOAD PROVISIONS

The forward chassis contains the equipment necessary to transport the LCRU,
%he h;gh gain antenna, and the ground controlled television camera assembly
GCTA).

4.1.1 Lunar Communications Relay Unit (LCRU)

The LCRU is mounted in the two inboard receptacles on the forward chassis
forward frame member as shown in figure 4-1. To conserve crew time on the
lunar surface, the two LCRU support posts are installed in these receptacles at
KSC before securing the LRV in the LM. In addition, the LRV/LCRU power cable is
also connected to the LRV auxiliary connector before launch. The LCRU support
posts and LRV/LCRU power cable are stowed on the LRV as shown in figure 4-2.

4.1.2 High Gain Antenna and GCTA

The high gain antenna is secured to the Jeft outboard receptacle on the forward
chassis forward frame member (figure 4-1). This receptacle is identical to

the one on the right outboard side for the GCTA.

Provisions for securing the LCRU low gain antenna coax cable to the LRV are
shown on figure 4-3.

4.2 CENTER CHASSIS PAYLOAD PROVISIONS

The center chassis has provisions to carry auxiliary equipment on the inboard
handholds, under the crew seats and on the chassis floor.

4.2.1 Inboard Handhold Payload Receptacle

The inboard handholds are provided with receptacles for supporting the 16 mm
Data Acquisition Camera and low gain antenna as shown in figure 4-4. The map
carrier is attached to the right hand inboard handhold as shown in figure 4-5.
A1l these items are installed on the Tunar surface.

4,2.2 Under-Seat Stowage

One collapsible stowage bag is provided under each seat for transporting mis-
cellaneous payload items. These bags are installed on the LRV before launch.

Wission J Basic Date 12/4/70 Change Date 6/23/71 Page A-1
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GROUND CONTROL
TELEVISION ASSEMBLY
(GCTA)

CONNECTION
TO THE LOW-GAIN
ANTENNA

FORWARD
RECEPTACLE

FIGURE 4-1., LCRU, HIGH GAIN ANTENNA, TV CAMERA INSTALLATION

Mission J Basic Date _12/4/70  (Change Date __6/23/71 Page 4-2
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GCTA POWER CONNECTOR

LRV AUXILIARY CONNECTOR/
LCRU CABLE POWER CONNECTOR

CABLE TIE-DOWN STRAPS /
VELCRO PATCH LCRU
CONNECTOR

LCRU/TV/LRV CABLE
CABLE STOWAGE ADAPTER

(2 PL)
(DISCARDED BEFORE IN-
STALLATION OF HGA OR
GCTA)

FIGURE 4-2. LCRU/TV/LRV CABLE STOWAGE

6/23/7 2age é;:;
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VELCRO LOOP ON LRV

LOW GAIN ANTENNA

CABLE CLIP ON LRV g
(PRESS CABLE INTO
CLIP 2 PLACES)

ANTENNA CABLE
CONNECTION TO -
LCRU

FIGURE 4-3 LCRU LOW GAIN ANTENNA CABLE
INSTALLATION ON LUNAR SURFACE
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16 MM DATA ACQUISITION
CAMERA

««-i\lw

h“h '

LOW GAIN
ANTENNA

"||IllIII|| .

TO ROTATE AZIMUTH SETTING,
GRASP HANDLE, PUSH DOWN

TO UNLOCK, TURN TO DESIRED
SETTING AND RELEASE. STAFF
LOCKS IN LAST POSITION.

PUSH BUTTON TO
RELEASE AND/OR
REMOVE STAFF

FROM HANDHOLD

LRV INBOARD
HANDHOLD

FIGURE 4-4 . 16 MM DAC AND LOW GAIN
ANTENNA INSTALLATION
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SWIVEL

S

INBOARD HANDHOLD

CLAMP HANDLE MAP HOLDER
[—.(LATCHING DEVICE)
POINTER
(STOWED)

NOTE: MAP. HOLDER CAN BE INSTALLED
ON LEFT OR RIGHT HANDHOLD

FIGURE 4-5 MAP HOLDER INSTALLATION

Mission J Basic Date Change Date _ 6/23/71 Page 4-6



LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

4,2.2 (Continued)

The two bags are designed for transport of specific payload items as defined
by MSC. A typical bag is shown in figure 4-6. The forward end of each bag is
secured to the seat support frame. The bags are automatically erected to the
useable position when the seat support frames are raised during LRV activation.
The aft ends of the bags are held in place by springs attached to the rear member

of the center chassis and by attachment to cross member on the seat back.

During operations, access to the stowage bags is gained by raising the seat off
the seat support which exposes the entire bag and contents. The LRV seat belts
are stowed in the bags for launch at KSC. The gnomon stowage bag is stowed in
the LH underseat bag for launch.

4,2.3 Floor Payload Stowage

When only one astronaut is operating the LRV, the area normally used by the
second crewman may be used for payload stowage. This is accomplished by placing
the seat in the operational stowage position shown in figure 4-7. The seat is
secured in the stowed position by velcro straps.

NOTE: The under seat stowage bag must be removed to use the floor area as a
stowage area.

4.2.3.1 Interim Stowage on and Under RH Seat

The Laser Ranging Retro Reflector (LR3) is stowed on the RH seat pan and the
Apollo Lunar Surface Drill under the RH seat for the short drive from the LM
to the ALSEP site as shown in Figure 4-8, The RH underseat stowage bag

is not removed for this payload configuration.

4.2.4 Back-of-Seat Payload Stowage

The Buddy SLSS umbilical is carried in a bag attached to the back of the LRV
right seat. Specific interface is shown in figure 4.9, The gnomon is carried
in a bag attached to the back of the left seat (figure 4-10). The Buddy SL3S
and gnomon bag are installed on the lunar surface.

4.3 REAR CHASSIS PAYLOAD PROVISIONS

Payload stowage provisions for the rear chassis are shown in figures 4-11 and 4-12.
The LH and RH adapters and pallet support posts are installed on the LRV before
launch, arriving on the lunar surface in the configuration shown in figure 4-11.
The payload pallet which interfaces with the adapters and support posts is

stowed in LM Quadrant III, and arrives on the Junar surface with payload items
already installed on the pallet. The crew removes the pallet from Quadrant III

and installs the pallet, with attached payload, onto the support post and

adapters on the LRV,

4-7
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STOWED POSITION
OF BAG AND
SEAT SUPPORT

> L~
CONTROL & DISPLAY
CONSOLE SUPPORT

SEAT \ _ STRAPS ATTACHED
SUPPORY , il T0 CROSS MEMBER
/ Ly T — ON SEAT BACK
Ve ~<s20 0\ L .J: '

(il t f

'f
\ D /

~ BAG STIFFEN
NOTE: SIMILAR BAG IS PROVIDED R
UNDER RIGHT SEAT

FIGURE 4-6 UNDER-SEAT STOWAGE BAG (LEFT SEAT)
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LOCK SEAT IN
UPWARD STOWED
POSITION WITH
VELCRO STRAP )

ROTATE SEAT’/
UPWARD

GRASP
seaT & LIFT-ASOAL .

(SEAT UNSNAPS FROM

FORWARD LEGS)
YEW ] ViEw 2 YIEW3

ATTACH VELCRO
STRAP T0 HOLD -
SEAT UPRIGHT

GRASP LOCATION
ON HORIZONTAL BAR

mll

i

7L

RELEASE STRAP. ROTATE FORWARD ROTATE FORWARD LEGS
GRASP FORWARD SEAT LEGS DOWN AND TO DOWN (FOLDED)
LEGS AND FOLD DOWN TO REAR POSITION

VIEW 5 VIEW &

VIEW £

FIGURE 4-7 PASSENGER SEAT STOWAGE TO CREATE PAYLOAD AREA ON
CENTER CHASSIS FLOOR
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LASER RANGING
RETRO REFLECTOR
(LR3)

APOLLO LUNAR
SURFACE DRILL
(ALSD)

SEAT BELT

LMP SEAT PAN

INTERIM (LM-TO-ALSEP SITE)

FIGURE 4-8
STOWAGE OF LR3 AND ALSD
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BSLSS SUPPORT STRAP

F= PULL TAB
=y ?,fy (PULL TAB TO RELEASE
4 STRAP FROM PLSS BSLSS SUPPORT STRAP
N SUPPORT VELCRO ON
5 FRONT OF SEAT BACK)

BSLSS BAG

LRV PASSENGER SEAT

BSLSS STRAP SECURED TO PLSS SUPPORT
VELCRO ON FRONT OF SEAT BACK

FIGURE 4-9 BUDDY SLSS INSTALLATION
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SEAT TUBE
BAG

VELCRO v
STRAP

GNOMON BAG
ATTACH AREAS

SECTION A-A

GNOMON BAG ATTACHMENT
AT TOP OF SEAT

LH SEAT

SECTION B-B

GNOMON BAG ATTACHMENT
AT BOTTOM OF SEAT

VELCRO STRAP (2 PL)

GNOMON BAG

FIGURE 4-10 GNOMON BAG ATTACHMENT TO LRV

23/71  Page 4-12
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PALLET SUPPORT POST (STOWED)

Q\ /// R. H. ADAPTER
~
™~ \\\/ / \
-7 LRV REAR CHASSIS
L. H. ADAPTER LRV STEERING RECOUPLING TOOL

POST TIEDOWN TAB

FIGURE 4-11 LRV REAR PAYLOAD PALLET ADAPTERS
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REAR PAYLOAD PALLET

PALLET LOCKS IN PLACE
UPON ENGAGEMENT WITH

L.H. ADAPTER
FIGURE 4-12 REAR PAYLOAD PALLET INSTALLED
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4.3

(Continued)

***1G Trainer Note***

The rear chassis payload adapters for the 1G
Trainer will allow identical astronaut functions
to be performed, but the configuration of the
adapters is not exactly identical to the LRV
adapters.

Mission J Basic Date
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5.0

SECTION 5
CPERATING LIMITATIONS

INTRODUCT LON

This section contains the LRV operating limitations.

5.1

The

PAYLOAD LIMITATIONS

LRV is designed for lunar operation a total payload of 970 pounds earth weight

distributed as defincd by the LRV to Stowed Payload Interface Contro! Document,
13M07391. Loading the LRV beyond the 970 pound 1imit will cause the structural
factor of safety to be lessened below the 1.5 design case.

The

allowable center of gravity location for the total LRV, including payload,

is shown in Figure 5-1. Loading the LRV such that the center of gravity falls
outside the defined envelope will cause degradation of performance, including:

O T o

5.2

Possible steering discontinuity

.. Possible traction drive discontinuity

Possible periods of instability
**%1G TRAINER NOTE***

The 1G Trainer is designed for a gross payload of 800
pounds. Performance degradation will occur if overloaded.

PARKING LIMITATIONS

To achieve proper thermal control of the LRV and stowed payload during between-

EVA

parking periods, the LRV must be oriented per figure 5-2. Parking the LRV

outside these 1imits will result in display and control component overheating
or LCRU overheating. There are no orientation constraints imposed on short-
term parking during EVA's.

5.3
The

on o

and
the

The
due
for

*%%]G TRAINER NOTE***
There are no parking limitations for the 1G Trainer.
SORTIL LIMITATIONS

LRV is desiqned for EVA's of 6 hours duration. The thermal design is based

3 hours of mobility operation in the 6-hour LVA, with the navigation system

controls and displays remaining on during the entire 6-hour LVA, Operation of
vehicle beyond these time durations will cause thermal limits to be exceeded.

LRV is designed for continuous operation in shadows for not more than 2 hours
to temperature limits on the Control and Display components. See Appendix A
temperature rise and cooldown times.

Mission J Basic Date 12/4/70 Change Date __4/19/71 Page 5-1
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I =

//A._
H

L )
——
2 22,5

\ —_T

@) = © l
___,ﬁ 9 1ll'l'
I ' I i TA 86 25
STA 76.0
+3.2

STA 26.5 STA
Y= -3.2 REF. X = 67.0

STA 116.5
REF.

FIGURE 5-1. ALLOWABLE C.G. ENVELOPE FOR
VEHICLE FULLY LOADED
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OO

1
FRONT OF
LRV

RIGHT

S SIDE
ACCEPTABLE PARKING
ATTITUDES FOR SUN

ELEVATIONS GREATER 80° 110°

THAN 12°
ACCEPTABLE PARKING
ATTITUDES FOR SUN
ELEVATIONS OF FROM
5° - 12°
120° - 180°

FIGURE 5-2. PARKING ORIENTATION CONSTRAINTS
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5.4 NAVIGATION SYSTEM LIMITATIONS

The following limitations are placed on operating the LRV and 1G Trainer
Navigation System.

a. The Navigation System is to be on for a minimum of 90 seconds
before initialization to allow the gyro to reach operating
speed.

b. The GYRO TORQUING Switch is not to be kept in the LEFT or RIGHT
position for more than two minutes in any seven minute period.

c. If the navigation input voltage drops below 30 VDC, excessive
computation and display errors may result. The VOLTS indicator
should be checked periodically (at least each 15 minutes) to
verify readings of not less than 60,

Mission ¢ Basic Date 12/4/70 change Date 6/23/71  Page
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SECTION 6
OPERATING TIMELINES

6.0 INTRODUCTION

This section defines the approximate times for performing LRV functions on the
lunar surface and 1G Trainer functions on earth,

**%1G TRAINER NOTE***

Timelines for 1G Trainer operation are identical to
those shown for LRV Tunar surface operations except
~ for traction drive decoupling and steering decoupling.
Included in this section are timelines for:
Figure - LRV Deployment
- Post-Deployment Checkout
- Pre-Sortie Checkout and Preparaticn
Post-Sortie Shutdown
- Navigation Update
- Traction Drive Decoupling
- Steering Decoupling
- Rear Steering Recoupling
- 16 Trainer Battery Changeout
0 - 1G Trainer Traction Drive Decoupling
1

6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8
6-9
6-1
6-11 - 16 Trainer Steering Decoupling

Mission J Basic Date 12/4/70 Change Date 4/19/71 Page 6-1
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N PULL VELCRO TAPE LOOSE FROM LEFT TRIPOD AND REMOVE INSULATION FROM (.1 MIN)
AROUND LEFT LOWER SUPPORT ARM.

RELEASE CENTER BRAKED REEL DEPLOYMENT TAPE FROM NYLON BAG ATTACHED (.2 MIN)
TO LEFT LOWER SUPPORT ARM; DRAPE TAPE OVER LM LANDING STRUT.

RELEASE DEPLOYMENT CABLE: DEPLOY FULL LENGTH OF CABLE AT APPROXIMATELY (.2 MIN)
20° ANGLE FROM QUAD I TOWARD DESCENT LADDER.

PULL VELCRO TAPE LOOSE FROM BOTTOM OF CHASSIS AND PEEL INSULATION (.2 MIN)
AWAY FROM CHASSIS.

PULL VELCRO TAPE LOOSE FROM RIGHT TRIPCD AND REMOVE INSULATION (.2 MIN)
FROM AROUND RIGHT LOWER SUPPORT ARM. PULL INSULATIGI: BLAKKET

LOOSE FROM VELCRO ON LOWER END OF LRV CENTER CHASSIS. STORE
BLANKET DOWN AND UNDER QUAD I.

RELEASE DOUBLE BRAKED REEL DEPLOYMENT TAPE FROM NYLON BAG (.2 MIN)
ATTACHED TO RIGHT LOWER SUPPGRT ARM; DRAPE TAPE OVER
CONVENIENT PROTRUSION.

VISUALLY INSPECT BOTH LOWER SUPPORT ARMS TO VERIFY WHITE (.1 MIN)
STRIPE IS CONTINUOUS.

ASCEND TO LM PLATFORM TO DEPLOY LRV; OTHER CREWMAN GRASPS (.2 MIN)
DEPLOYMENT CABLL AND MONITOR DEPLOYMENT.

PULL D-HANDLE TO RELEASE LRV FROM LM AND VISUALLY VERIFY (.2 MIN)
THAT LRV MOVED OUTWARD FROM LM ABOUT 4°.

CREWMAN DESCENDS LM LLADDER AND RETRIEVES DOUBLE BRAKED (.2 MIN)
REEL TAPE AT RIGHT SIDE OF VEHICLE.

‘“ PULL TAPE FROM DOUBLE BRAKED REEL; VERIFY THAT (.5 MiN)
LRV ROTATES OUTWARD FRCM LM AND CAM FITTING

ENGAGE LOWER SUPPORT ARMS. CONTINUE PULLING TAPE

UNTIL AFT CHASSIS UNFOLDS ABOUT 45°; THEN VERIFY

THAT AFT CHASSIS IS LOCKED INTO POSITION, THAT REAR

WHEELS HAVE UNFOLDED AND THE TETHERED WHEEL STRUTS

HAVE FALLEN FREE. ALSO VERIFY THAT THE FORWARD

CHASSIS IS RELEASED FROM THE CONSOLE POST

P 4

FIGURE 6-1 LRV DEPLOYMENT TIMELINE

Mission J Basic Date 12/4/70 Change Date 6/23/71 Page 6-2
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% CONTINUE PULLING TAPE FROM DOUBLE BRAKED REEL UNTIL AFT WHEELS CONTACT
LUNAR SURFACE. VERIFY THAT THE AFT WHEELS SLIDE ALONG THE LUNAR SURFACE,
AS THE CREWMAN PULLS THE TAPE, UNTIL THE CENTER CHASSIS LIF1S OFF THE
LOWER STRUT ARMS AND THE FORWARD CHASSIS UNFOLDS AND LOCKS INTO POSITION.
VERIFY THAT THE FORWARD WHEELS HAVE UNFOLDED AND THE TETHERED WHEEL
STRUTS HAVE FALLEN FREE. CONTINUE TO PULL THE TAPE UNTIL THE DOUBLE
BRAKED REEL CABLES ARE SLACK. VERIFY FORWARD AND CENTER CHASSIS LOCKED.

STOW DOUBLE PRAKED REEL TAPE OUT OF WORK AREA; RELEASE OUTER BRAKED
REEL. CABLE AT RR OF CENTER CHASSIS AND STOW OUT OF WORK AREA.

REMOVE OUTER CRAKED REEL CABLE AT LR OF CENTER CHASSIS AND STOW
OUT OF WORK AREA. ‘

RELEASE INBOARD HANDHOLD VELCRO TIEDOWN STRAP.

A RETKIEVE AND PULL TAPE OF CENTER BRAKED REEL UNTIL THE FORWARD
EKD OF THE LRV CONTACTS THE LUNAR SURFACE. STOW TAPE FROM
CENTER BRAKED REEL OUT OF WORK AREA.

OTHER CREWMAN TO RELEASE DEPLOYMENT CABLE AND STCW OUT OF
WORK AREA.

RETURN TO RF HINGE LATCH OF LRV; VERIFY RIGHT FRONT
HINGE LATCHED.

DEPLOY RI FENDER EXTENSION.

REMOVE PINS O AND 10 AND TOSS CLEAR OF WORK AREA.

GRASP APEX OF TRIPOD WiTH RIGHT HAND AND PULL PIN 11.

DISCARD TRIPOD MAIN MEMCERS CLEAR OF DEPLOYMENT AREA.

GEASP RIGHT TRIPOD CENTER MEMBER IN RIGHT HAND
PULL PIN 12 AND DISCARD.

INSERT RIGHT TRIPOD CENTER MEMBER IN FRAME FOR
TOEHOLD.

FIGURE 6-1 LRV DEPLOYMENT TIMELINE (CONTINUED)

(2.0 MIN)

(.2 MIN)

(.1 MIN)

(.1 MIN)
(2.0 MIN)

(.2 MIN)

(.2 MIN)

(.1 MIN)

(.2 MIN)

(.1 MIN)

(.1 MIN)

(.2 MIN)

(.1 MIN)

Mission
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RELEASE RIGHT FOOTREST RESTRAINT AND ERECT RIGHT FOOTREST AND VERIFY (.1 MIN)
LATCHED IN POSITION.

PULL AND TURN C/D CONSOLE LATCH P13, 90° CW. WHEN CONSOLE DEPLOYS, (.1 MIN)

RAISE INBOARD HANDHOLDS AND LOCK IN OPERATIONAL POSITION, ROTATE P13
90° CW AKD VERIFY CONSOLE LOCKED IN POSITION

GRASP FRONT OF RIGHT SEAT FRAME AND LIFT TO STABLE OVERCENTER POSI- (.1 MIN)
TION AND ERECT RIGHT SEAT FRONT LEGS AND TIE WITH VELCRO STRAP. )
VERIFY SEAT STOWAGE BAG ERECTS.

REMOVE RH SEAT BELT FROM UNDERSEAT BAG AND STOW OVER HANDHOLD. (.1 MIN)

PULL SEAT PAN FRAME UP AND POSITION ENLS OF FRAME UNDER BACK REST (.1 MIN)
SUPPORT MEMBER LOWER SEAT FRAME TO ENGAGE FRONT LEGS AND VERIFY
LATCHED.

VERIFY RIGHT REAR HINGE LATCHED. (.1 MIN)

VISUALLY VERIFY REAR STEERING DECOUPLING RING SEAL HAS NOT BEEN (.1 MIN)
BROKEN.

DEPLOY RIGHT REAR FENDER EXTENSION. (.1 MIN)

VERIFY LEFT REAR HINGE LATCHED AND DEPLOY LEFT REAR FENDER (.2 MIN)
EXTENSION.

GRASP FRONT OF LEFT SEAT FRAME AND LIFT TO STABLE OVERCENTER (.1 MIN)
POSITION AND ERECT LEFT SEAT FRONT LEGS AND TIE WITH VELCRO
STRAP. VERIFY SEAT STOWAGE BAG ERECTS.

REMOVE LH SEAT BELT FROM UNDERSEAT BAG AND STOW OVER (.1 MIN)
HANDHOLD.

FIGURE 6-1 LRV DEPLOYMENT TIMELINE (CONTINUED)
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PULL SEAT PAN FRAME UP AND POSITION ENDS OF FRAME UNDER BACK REST SUPPORT
MEMBER.LOWER SEAT FRAME TO ENGAGE FRONT LEGS AND VERIFY LATCHED. (.1 MIN)

FOLD INBOARD ARMREST DOWN. (.1 MIN)

'SUPPORT CONSOLE WITH LEFT HAND; GRASP C/D CONSOLE PANEL "T" HANDLE (.1 MIN)
P7, TURN 90° CW TO LOCKED POSITION.

RGTATE INBGARD HANDHOLD TO LOCKED POSITION WHILE ROTATING CONSOLE (.7 MIN)
DOWNWARD WITH LEFT HAND.

ROTATE T-HANDLE P7 G0° CW AND FOLD FLUSH WITH CONSOLE BOX AND (.1 MIN)
SECURE INTO POSITION WITH VELCRO STRAP.

REMOVE ATTITUDE INDICATOR LOCK PIN AND DISCARD IN SAFE LOCATION. (.1 MIN)
REMOVE C&W FLAG LOCK PIN AND DISCARD. (.1 MIN)
PULL PINS P3 AND P4 AND TOSS CLEAR OF WORK AREA. (.1 MIN)

GRASP TRIPOD APEX WITH LEFT HAND AND PULL PIN P5; DISCARD PIN (.1 MIN)
P5 AND TRIPOD MAIN MEMBERS.

GRASP TRIPOD CENTER MEMBER IN LEFT HAND; PULL PIN P6 AND (.2 MIN)
DISCARD.

USE HOOKEL END OF SHORT TRIPOD MEMBER TC PULL CABLE P2 AND (.1 MIN)
VERIFY THAT TELESCOPING RODS SADDLE FALLS AWAY.

INSERT TRIPOD CENTER MEMBER IN LRV FRAME FOR TOEHCLD. (.1 MIN)

RELEASE LEFT FOOTREST RESTRAINT DEVICE AND ERECT LEFT (.1 MIN)
FOOTREST AND VERIFY LATCHED POSITION.

FIGURE 6-1 LRV DEPLOYMENT TIMELINE (CONTINUED)
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MOVE TO LEFT FRONT HINGE AREA AND VERIFY LEFT FRONT HINGE LATCHED. (.1 MIN)
DEPLOY LEFT FRONT FENDER EXTENSION. (.1 MIN)

INSPECT AND VERIFY BATTERY NO. 1 AND SPU DUST COVERS ARE CLOSED (.1 MIN)
AND SECURED.

VERIFY THAT THE FORWARD STEERING DECOUPLING RING SEAL HAS NOT BEEN (.1 MIN)
BROKEN.

MCVE TO RIGHT SIDE OF VEHICLE AND VERIFY THAT BATTERY NO. 2 DUST (.2 MIN)
COVER IS CLOSED AND SECURED.

AT RIGHT SIDE OF VEHICLE ROTATE "T" HANDLE P13 90° CW AMND FOLD (.2 MIN)
"T" HANDLE FLUSH WITH CONSOLE BOX AND SECURE.

LRV DEPLOYMENT COMPLETE.

TOTAL TIME 11.3 MINUTES

FIGURE 6-1. LRV DEPLOYMENT TIMELINE (CONTINUED)

Basic Date 12/4/70 Change Date _6/23/71 Page 6-6
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2§ INGRESS LRV AND FASTEN SEAT BELT, AND VERIFY HAND CONTROLLER IN PARKING

BRAKE POSITION. (.2 MIN)
VERIFY SWITCHES AND CIRCUIT BREAKERS IN PRE-LAUNCH POSITIONS. (.2 MIN)
CLOSE BUS A, BUS B, BUS C, BUS D CIRCUIT BREAKERS. (.1 MIN)
SET BATTERY SWITCH TO VOLTS X 1/2 AND REPORT VOLTS INDICATED. (.1 MIN)

SET BATTERY SWITCH TO AMPS, CLOSE THE + 15 VDC SEC & PRIM

CIRCUIT BREAKER, CLOSE STEERING FORWARD AND REAR CIRCUIT (
BREAKERS, CLOSE DRIVE POWER LF, RF, LR, RR CIRCUIT BREAKERS,

SET FRONT DRIVE ENABLE SWITCHES TO PWM 2, SET REAR DRIVE

ENABLE TO PWM 1, AND SET + 15 VDC SWITCHES TO PRIM.

.5 MIN)

SWITCH TO BUS B, SET FRONT DRIVE POWER SWITCHES TO BUS C, (.1 MIN)

SET STEERING FORWARD SWITCH TO BUS C, SET STEERING REAR }
SET REAR DRIVE POWER SWITCHES TO BUS B.

SET HAND CONTROLLER REVERSE INHIBIT SWITCH IN UP POSITION

AND CALL OTHER CREWMAN TO DIRECT AND MONITOR BACKING OPERA- (.1 MIN)
TIONS AND TO VERIFY THAT DRIVE MOTORS AND STEERING MOTORS

ARE WORKING.

AN RECEIVE CLEAR SIGNAL FROM OTHER CREWMAN, RELEASE PARKING
BRAKE AND BACK LRV CLEAR OF LM, STOP LRV AND SET PARKING (.4 MIN)
BRAKE. RESET REVERSE INHIBIT SWITCH TO DOWN POSITION.

““W RELEASE PARKING BRAKE AND DRIVE FORWARD TO

MESA PARKING AREA FOR EQUIPMENT LOADING.

VERIFY THAT THE VEHICLE RESPONDS TO HAND CON- (1.0 MIN)
TROLLER COMMANDS FOR LEFT AND RIGHT STEERING,

SPEED CONTROL, BRAKING AND THAT ALL FOUR WHEELS

ARE ROTATING (NOT SLIDING).

(.1 MIN)

STOP LRV AND SET HAND CONTROLLER IN THE PARKING
BRAKE POSITION; NEUTRAL THROTTLE.

FIGURE 6-2. LRV POST DEPLOYMENT CHECKOUT TIMELINE
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SHUT DOWN LRV POWER AND VERIFY THAT THE HAND CONTROLLER IS IN THE PARKING

BRAKE POSITION, THAT THE FRONT AND REAR DRIVE POWER SWITCHES ARE OFF, THAT % (.2 MIN)
THE FORWARD AND REAR STEERING SWITCHES ARE OFF, THAT THE + 15 VDC SWITCH

IS OFF AND THAT THE NAV POWER CIRCUIT BREAKER IS OPEN.

W RELEASE AND STOW SEAT BELT; EGRESS VEHICLE. (.3 MIN)

(TOTAL TIME 3.1 MIN.)

FIGURE 6-2. LRV POST DEPLOYMENT CHECKOUT TIMELINE
(CONTINUED)
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PERFORM VISUAL INSPECTION TO VERIFY THAT THE BATTERY AND SPU DUST COVERS
ARE CLOSED. (.1 MIN)
LOAD LRV WITH EQUIPMENT SELECTED FOR SORTIE. (TIME TO BE SUPPLIED BY
NASA/MSC)
LRV DRIVER INGRESS LRV LEFT SEAT AND FASTEN SEAT BELT; VERIFY
BRAKE SET. 3 MIN)

OTHER CREWMAN INGRESS LRV RIGHT SEAT AND FASTEN SEAT BELT. (.3 MIN)

ACTIVATE LRV ELECTRICAL SYSTEM. (.4 MIN)

REPORT AMP-HR INDICATION FOR EACH BATTERY. (.1 MIN)

REPORT AMPS INDICATION FOR EACH BATTERY. (.1 MIN)

INDICATION FOR EACH BATTERY AND RETURN BATTERY SWITCH. (.1 MIN)

SET BATTERY SWITCH TO VOLTS x 1/2, REPORT VOLTS }
TO AMPS SETTING.

Y RELEASE PARKING BRAKE AND DRIVE TO LEVEL AREA }

NEAR THE LM. (+6° PITCH) (.5 MIN)

DEPLOY SUN SHADOW DEVICE AND VEHICLE ATTITUDE
INDICATOR TO READ ROLL. PARK WITHIN 3° (
OF DOWN SUN (PER SSD), AND LEVEL WITHIN + 6°
ROLL, THEN SET BRAKE. -

.2 MIN)

ROLL ANGLES. FOLD SSD.

REPORT THE SUN AZIMUTH ANGLE, AND PITCH AND } |
2 MIN

1 MIN)

PULL SYSTEM RESET SWITCH FROM DETENT AND MOVEl
TO RESET POSITION. RETURN TO OFF. ‘(.

FIGURE 6-3. PRE-SORTIE CHECKOUT AND PREPARATION TIMELINE

6/23/71 Page 6-9
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FOLD VEHICLE ATTITUDE INDICATOR TO DRIVE POSITION. (.1 MIN)
VERIFY THAT BEARING, DISTANCE, AND RANGE INDICATORS ARE
ZERO. (.5 MIN)
NN RECEIVE CORRECTED HEADING FROM MCC, PULL GYRO TORQUING SWITCH
FROM DETENT AND OPERATE TO CORRECT HEADING INDICATION; THEN (.8 MIN)
RELEASE GYRO TORQUING SWITCH TO OFF.
REPORT BATTERY AND DRIVE MOTOR TEMPERATURES. (.1 MIN)

ADVISE MCC THAT PRE-SORTIE PREPARATION AND CHECKOUT IS (.1 MIN)
COMPLETE; REQUEST CLEARANCE FOR SORTIE.

y REPORT BATTERY CURRENT WITH VEHICLE IN MOTION. (.1 MIN)

(TOTAL TIME 4.1 MIN. PLUS
EQUIPMENT LOADING TIME)

FIGURE 6-3. PRE-SORTIE CHECKOUT AND PREPARATION TIMELINE
(CONTINUED)
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STOP LRV IN SELECTED PARKING AREA AND PLACE HAND CONTROLLER IN PARKING (.2 MIN)
BRAKE POSITION, THROTTLE IN NEUTRAL.

REPORT BEARING, DISTANCE AND RANGE READINGS TO MCC. (.2 MIN)

REPORT AMP-HR AND VOLTS INDICATIONS FOR EACH BATTERY; SET BATTERY (.2 MIN)
SWITCH TC AMPS SETTING.

REPORT BATTERY AND DRIVE MOTOR TEMPERATURES. (.2 WIN)

SHUTDOWN LRV POWER. | (.3 MIN)
NAN RELEASE SEAT BELT, STOW SEAT BELT, EGRESS LRV. (.4 MIN)
ALIGN HIGH GAIN ANTEHNA. (.2 MIN)
SET LCRU MODE SWITCH TO TV RMT. (.1 MIN)

OPEN LRV RATTERY AND SPU DUST COVERS. (.3 MIN)

TOTAL TIME 2.1 MIN

FIGURE 6-4. POST-SORTIE SHUTDOWN
TIMELINE
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SELECT A LEVEL AREA AND PARK THE LRV HEADING DOWN SUN, AND SET PARKING (.2 MIN)
BRAKE (LEVEL WITHIN + 6°, DOWN SUN WITHIN + 3°),

READ PITCH AND THEN DEPLOY ROLL ANGLE DEVICE AND NOTE READING (ROLL (.1 MIN)
LESS THAN 6°). .

RELAY LRV HEADING, PITCH AND ROLL ANGLES TO MCC. (.2 MIN)

/ RECEIVE CORRECTED HEADING FROM MCC. (1 MIN)

IF INDICATED HEADING DIFFERS FROM CALCULATED BY GREATER
THAN 2°, PULL GYRO TORQUING TOGGLE FROM DETENT AND SLEW (.2 MIN)
HEADING AS REQUIRED. RETURN GYRO TOGGLE TO OFF POSITION.

NOTIFY MSFN "LRV READY TO RESUME SORTIE". (.7 MIN)

TOTAL TIME 1.8 MIN

FIGURE 6-5. NAVIGATION UPDATE TIMELINE
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STOP LRV, SET BRAKE.

(.1 MIN)
RELEASE AND STOW SEAT BELT.
EGRESS VEHICLE. (.1 MIN)
REMOVE TOEHOLD. (.1 MIN)
MOVE TO DEFECTIVE WHEEL DRIVE UNIT. ' (.2 MIN)
ENGAGE CONTINGENCY TOOL THROUGH EITHER WHEEL DECOUPLING HOOK. (.1 MIN)
PULL OUT TO LIMIT OF HOOK TRAVEL AND ROTATE 90° COUNTERCLOCK-
WISE. (.1 MIN)
ENGAGE CONTINGENCY TOOL IN OTHER DECOUPLING HOOK, PULL OUT (.1 MIN)
AND ROTATE. ’
RE-INSTALL LEFT SIDE TOEHOLD. (.2 MIN)

**%]G TRAINER NOTE***

TIMES ARE IDENTICAL FOR 1G TRAINER
SIMULATED DECOUPLING. (SEE FIGURE
6-9 FOR ACTUAL TIME REQUIRED FOR
TECHNICIAN TO EFFECT DECOUPLING)

TOTAL TIME (1.0 MIN)

FIGURE 6-6. LRV TRACTION DRIVE DECOUPLING TIMELINE
(CONTINGENCY OPERATION)

Mission Y Basic Date _ 12/4/70 _ Cnange Date 4/19/71 __ Page 613




1 5006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

STOP LRV AND SET BRAKE. TURN DRIVE POWER AND STEERING OFF (.2 MIN)
RELEASE AND STOW SEAT BELT. (.1 MIN)
EGRESS VEHICLE. (.2 MIN)
MOVE TO LEFT FRONT OR RIGHT REAR DECOUPLING RING LOCATION AS (.2 MIN)
APPROPRIATE. '
PULL STEERING DECOUPLING RING AS APPROPRIATE. v(.] MIN)
MANUALLY STRAIGHTEN WHEELS OF DEFECTIVE DRIVE SYSTEM. MOVEMENT (.3 MIN)
OF WHEEL MAY BE NECESSARY FOR DECOUPLING
*#%1G TRAINER NOTE***
TIMES ARE IDENTICAL FOR 1G TRAINER
SIMULATED DECOUPLING. (SEE FIGURE
6-10 FOR ACTUAL TIME REQUIRED FOR
TECHNICIAN TO EFFECT DECOUPLING)
TOTAL TIME 1.1 MIN
FIGURE 6-7. LRV STEERING DECOUPLING TIMELINE
(CONTINGENCY OPERATION)
J Basic Date _12/4/70  cCnange Date 4/19/1 2qge 6-14
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STOP LRV AND SET BRAKE. TURN DRIVE POWER AND STEERING OFF (.2 MIN)
RELEASE AND STOW SEAT BELT (.1 MIN)
EGRESS VEHICLE (.2 MIN)
MOVE TO AREA FRONT OF LEFT REAR FENDER AND FOLD LEFT SEAT TO (.5 MIN)
STOWED POSITION.
RELEASE RECOUPLING TOOL TIEDOWN VELCRO STRAP AND REMCVE RECOUPLING (.1 MIN)
TUOL FROM STOWAGE BLOCK
PULL TAB TO OPEN REAR STEERING SECTOR DUST COVER AND PULL DUST (.1 MIN)
COVER BACK
PUSH BUTTON ON TOP OF SECTOR GEAR TO RE-ENGAGE GEAR (.1 MIN)
INSERT RECOUPLING TOOL IN TOP OF RAISED AREA ON SECTOR GEAR, (.2 MIN)
ROTATE TOOL TO ENGAGE LOCK PIN AND LIFT TOOL UNTIL PIN LOCKS
IN RAISED POSITION. REMOVE TOOL.
RLPLACE STEERING SECTCR DUST COVER (.1 MIN)
REPLACE RECOUPLING TOOL IN STOWAGE BLOCK AND SECURE WITH (.1 MIN)
VELCRO S7RAP.
PLACE LH SEAT IN OPERATIONAL POSITION. (.3 MIN)
**]1G Trainer Note***
RECOUPLING OF THE REAR STEERING FOR THE 1G
TRAINER WILL BE PERFORMED BY A TECHNICIAN.
TOTAL TIME 2.0 MINUTES
FIGURE 6-8. LRV REAR STEERING RECOUPLING TIMELINE (CONTINGENCY
OPERATION)
6-15
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PLACE HAND CONTROLLER, SWITCHES AND CIRCUIT BREAKERS IN POSITION FOR
BATTERY CHANGEOUT. (.3 MIN)

DISCONNECT BATTERY #1 CONNECTOR. | (.1 MIN)

REMOVE SCREWS FROM BATTERY #1 SUPPORT BRACKETS. (1.0 MIN)

LIFT BATTERY FREE OF VEHICLE. (.1 MIN)

SET REPLACEMENT BATTERY IN PLACE ON VEHICLE. (.5 MIN)

// INSTALL SCREWS THRQUGH SUPPORT BRACKETS. (2.0 MIN)
CONNECT BATTERY #1 CONNECTOR. (.1 MIN)
DISCONNECT BATTERY #2 CONNECTOR. (.1 MIN)

/ REMOVE SCREWS FROM BATTERY #2 SUPPORT
BRACKETS. (1.0 MIN)

LIFT BATTERY FREE OF VEHICLE. (.1 MIN)

SET REPLACEMENT BATTERY IN PLACE
ON VEHICLE. (.5 MIN)

INSTALL SCREWS THROUGH
SUPPORT BRACKETS. (2.0 MIN)

CONNECT BATTERY #2
CONNECTOR. (.1 MIN)

RECONFIGURE SWITCHES
AND CIRCUIT BREAKERS. (.2 MIN)
TOTAL TIME 8.1 MIN
FIGURE 6-9. 1G TRAINER BATTERY CHANGEQUT TIMELINE
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V/// PERFORM CREW FUNCTIONS OF FIGURE 6-6. (1.0 MIN)
////// REMOVE 6 SCREWS FROM WHEEL HUB AND REMOVE HUB. (1.5 MIN)
INSERT BLANK HUB IN WHEEL. (.1 MIN)
////////1RE-INSTALL 6 SCREWS IN BLANK HUB. (2.0 MIN)
NOTIFY CREW TO RESUME OPERATION. (.1 MIN)
TOTAL TIME 4.7 MIN

FIGURE 6-10. 16 TRAINER TRACTION DRIVE DECOUPLING TIMELINE
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Wi

PERFORM CREW FUNCTIONS OF FIGURE 6-7. (.8 MIN)

INSTALL CLAMP ON LEFT STEERING ARM, BUTTED AGAINST CHASSIS
FRAME. (1.0 MIN)

INSTALL CLAMP ON RIGHT STEERING ARM, BUTTED
AGAINST CHASSIS FRAME. : (1.0 MIN)

NOTIFY CREW TO RESUME OPERATION. (.1 MIN)

TOTAL TIME 2.9 MIN

FIGURE 6-11. 1G TRAINER STEERING DECOURLING TIMELINE
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7.
7.

T
i

7.

0

SECTION 7
OPERATING PROFILES

1 LRV OPERATING PROFILE
1.1 Normal Operating Profile
he LRV is designed for nominal operation in accordance with the profile shown

n figure 7-1 for a lunar surface stay time of 78 hours.
1.1.1 Sortie Profile

The normal sortie profile consists of a maximum of 3 hours of driving time and
3 hours of station time, to total 6 hours per LRV sortie.

The normal sortie will be accomplished with all four traction drives and both
steering assemblies active.

During the sortie, stops will be made at periodic intervals to update LRV naviga-
tion system. At these stops, the crew will report indicator readouts per 2.6.

NOTE

Navigation updates will be performed only if
indicator HEADING differs from MCC Calculated
heading by more than 2°.

The LRV navigation system and console displays will remain energized through-
out the six hour sortie duration.

At stops exceeding five minutes, the power to the traction drive units, steering
motors, and drive controller will be turned off (accomplished by placing STEERING
FRONT and REAR switches OFF; LF, RF, LR, RR DRIVE POWER switches OFF, and + 15VDC
switch OFF).

Circuit breakers and switch settings will be set to utilize both batteries at
approximately the same rate, (e.g., steering for the front wheels powered from
Battery No. 1 and steering for the rear wheels from Battery No. 2).

Power from the auxiliary connector will be supplied only as required by the
LCRU for special cases.

Driving speed during the sortie will be varied at the crew's discretion. The
speed profile for a sortie leg would consist of beginning at zero, accelerating
to a desired driving speed, repeating cycles of decelerating to a slower speed,
re-accelerating to the desired driving speed, and decelerating to stops.

Speed will vary between zero and 14 km/hr,

Operation of the LCRU high gain antenna and the television camera will be
conducted only when the LRV is stopped. The Tow gain antenna will be manualiy
oriented during LRV traverses.

Mission J pasic Date _12/4/70 Cnange Date 4/19/71  suge 7-1
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7.1.1.1 {Continued)

0 Science experiment equipment will be transported by the LRV only. Operation
of the science equipment will be done only when the LRV is stopped.

7.1.2 Contingency Operating Profiles

Operating profiles for contingencies depend upon the specific contingency
experienced. The following paragraphs contain operating profiles for a
selected number of cases.

7.1.2.1 LRV Operating Profile with Failure of Traction Drive Units

The operating profile for a contingency caused by failure of a traction drive
assembly (motor or harmonic drive) would be the same as that for normal opera-
tion with the following exceptions:

a. The specific traction drive would be uncoupled to allow “"free wheeling" of
that traction drive and drive power and control to that traction drive
would be switched off. (Braking for the uncoupled wheel would be Jost).

b. Speed/slope capability would be limited to that shown in Appendix A.
NOTE

1. If the right rear traction drive is decoupled, the speed
indication on the console speedometer will not function.

2. If two traction drives are decoupled, the navigation odo-
meter will not function causing loss of range & distance displays.

7.1.2.2 LRV Operating Profile with Failure of One Steering Motor

The operating profile for a contingency caused by a failure of one steering
motor would be the same as for the normal profile with the following exceptions:

a. Power to the disabled steering motor would be switched off.

b. The steering decoupling mechanism for the disabled steering motor would be
activated by the crew. (This action is reversible for the rear steering
motor only).

c. The minimum turning radius of the vehicle will be 6.2 meters as opposed
to 3.1 meters with both steering motors operable.

7.1.2.3 LRV Operating Profile with Failure of One Battery

In the event of failure of one battery, all switches would be set to select the
appropriate busses being supplied power from the remaining operable battery.
For example, if Battery No. 1 fails, all control panel selections showing use
of Bus A would be switched to select Bus C, since Bus C is supplied power from
Battery No. 2 Each battery is capable of carrying the entire power load of

the LRV,
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7.1.2.3  (Continued)

The temperature rise in the remaining operable battery would be greater, however,
causing the battery temperature to reach its upper limit in a shorter time as
shown in Appendix A.

Range would be less, the specific amount depending on the point in the mission at
which the failure occurs. Consult Appendix A for range capabilities.

7.2 1G TRAINER OPERATING PROFILE

7.2.1 Normal 1G Trainer Operating Profile

The 1G Trainer is designed for nominal operation in accordance with the profile
shown in figure 7-2.

7.2.1.1

o Sortie begins with fully charged batteries installed in the vehicle and enough
charged batteries or chase vehicle power available to support the duration and/
or length of the sortie. (See Appendix B for battery capability).

0 Science stops should be scheduled at points in the sortie corresponding time-
wise, to battery change-out requirements.

o'Battery change-out will be accomplished without removing power to the naviga-
tion system when changeout must be done in mid-sortie.

o Sortie time is not limited by trainer capability except for battery life
Timitations, and sun angle if sun is used for gyro update.

NOTE

Pre-calibrated check points can be used in place of
sun for heading reference. This option allows use of
the 16 Trainer on cloudy days, etc. and does not
require ephemeris data.

o The normal sortie will be accomplished with all four traction drives and both
steering assemblies active.

0 During the sortie, stops will be made at periodic intervals to update the
navigation system. At these stops the crew will also report temperatures
of traction drives and batteries and state of charge of each battery.

NOTE

Navigation updates will be performed only if indicated
heading differs from calculated heading by more than 2°.

o The navigation system will remain energized throughout the sortie.

o0 Driving speed during the sortie will be varied at the crew's discretion. The
speed profile for the sortie leg would begin at zero, accelerate and decelerate
to avoid obstacles, maintain constant speed over very smooth surfaces,
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h‘\smum’rr.n POST-DEPLOYMENT DISCONNECT

1 TRAINER CHECKOUT
STOWED EQUIPMENT LOADING

DRIVE TO SCILENCE STOP

11 NAVIGATION INITIALIZATION

N  BATTERY CHANGE-OUT

OR

(IF FULLY CHARGED BATTERIES ARE CAPABRLE

OF PROVIDING ENOUGH POWFR FOR NEXT SORTIT LEG)

CONNECTION TO CHASE VEHICLE POWER SUPPLY

1

‘LLW.PF,AT OF 6 OR 6A AND 7
\

(IF FULLY CHARGED BATTERIES NOT CAPARLFE
OF CAPACITY REQUIRED FOR NEXT SORTIF LEG)

NAVIGATION UPDATL

DRIVE TO SCIENCE STOP

DRIVE TO STARTING POTNT

N\ POST - SORTIE SHUT DOWN

\ |

BATTERY RECHARGFE

FIGURE 7-2. NOMINAL OPERATING PROFILE FOR 1G TRAINER
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7.2.1.1 (Continued)
decelerate to observe geologic features, reaccelerate for driving and decele-
rating to a stop at science stations. Speed will vary between zero and 16
km/hr.

7.2.2 Contingency Operating Profiles

Operating profiles for contingencies depend upon the specific contingency ex-
perienced. The following paragraphs contain operating profiles for a selected
number of cases.

7.2.2.1 Operating Profile with Failure of Traction Drive Unit

The operating profile for a contingency caused by failure of a traction drive
assembly (motor or gear box) would be the same as that for normal operations

with the following exceptions:

a. The specific traction drive would be uncoupled to allow free wheeling of

that traction drive and drive power and control to that traction drive
would be switched off.

NOTE
1. Decoupling of 1G Trainer traction drives requires a mech-
anic to physically do the decoupling. Simulated decoupling
devices are provided for simulation of astronaut interface,
but will not actually provide the decoupling. See Section 8.

2. If the right rear traction drive is decoupied, the speed
indicator on the console will not function.

3. If two traction drives are decoupled, the navigation odometer
and range indicator will not function.

7.2.,2.2 Operating Profile with Failure of One Steering Motor/Gear Reducer

The operating profile for .a contingency caused by a failure of one steering
motor would be the same as for the normal profile with the following exceptions:

a. Power to the disabled steering motor/gear reducer would be switched off.
b. The steering arms would be clamped by a technician.
NOTE

The simulated steering decoupling rings provided for
crew interface will not effect steering decoupling.

c. Steering radius would be twice as great as with both motors operable. The
driver should exercise greater caution when avoiding obstacles.

12/4/70

Mission J Basic Date Change Date 6/23/71 dage -6




L5006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SECTION 8

1G TRAINER NON-CREW
PROCEDURES

8.0 INTROBUCTION

This section contains procedures to be performed by personnel other than crew
members in support of 1G Trainer Operations. Electrical block diagrams for
the 16 Trainer are provided in Figures 8-1 through 8-8.

8.1 GENERAL PROCEDURES
8.1.1 Visual Inspection

Prior to, and at the conclusion of, each sortie or mission, visually inspect
the vehicle for the following:

a. Finish or surface damage
b. Structural integrity of parent materials, welds, and other mechanical
joints

c. Loose fasteners .

d. Electrical cable abrasion, fraying, temperature damage, shortirg, loose
connector .

e. Hydraulic line damage

f. Evidence of mechanical interference

g. Dust or debris in suspension and steering joints and bushings

h. Brake, battery, or shock absorber leakage

i. General configuration

vCA‘|""c’"

Any discrepant item noted during this
inspection must be corrected prior to
vehicle operation.

8.1.2 General Repair

8.1.2.1 Finish or Surface Damage

A1l unpainted aluminum surfaces may be touched up if required by use of the
processes specified in MIL-C-5541 Type I, Grade A or B, Class I. Information
covering painted surfaces is carried on the appropriate piece-part drawing.
Sharp nicks or any local surface deformation which could be a stress riser
should be blended to the surrounding surface and refinished.

8.1.2.2 Structural Integrity

Loss of structural integrity or permanent deformation in the chassis, sus-
pension, or any load bearing member should be considered grounds for immediate

B Mission J Basic Date 12/4/70 cChange Date _4/19/71 _ Page 8-1
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BATTERY NO. 2
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|
|
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FIGURE 8-2 1G TRAINER VEHICLE POWER DISTRIBUTION BLOCK DIAGRAM
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VONTROLLER  |AND SPEED COMMAND
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SRONT STEERING
CONTROL SIGNAL HAND
CONTROLLER
ASSY. A8

ELECTRONICS BATTERY
POWER

FRON™ STEERING
MOTOR
BATTERY POWER

Y

4 STEERING MOTOR POWER
STEERING FRONi
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FIGURE 8-5 1G TRAINER VEHICLE FRONT STEERING
ELECTRICAL SIGNAL ROUTING BLOCK DIAGRAM
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§.1.2.2 (Continued)

discontinuance of vehicle operation. Engineering support should be solicited
for specific repair instructions.

8.1.2.3 Loose Fasteners

Retighten fasteners. Replace any damaged threaded insert. Verify that the
appropriate locking medium was used.

8.1.2.4 Cable Damage

Replace the wire if conductor damage has occurred. If damage is limited to
insulation, repair with tape, shrink tubing or a like material with insulating
and moisture resistant properties similar to the original material.

8.1.2.5 Hydraulic Line Damage

Repair using conventional techniques.

8.1.2.6 Mechanical Interferences

Steering/suspension interference may be caused by improper gain setting
(Section 8.2.3.1). Inspect interference to determine cause and treat any
permanent structural deformation as a loss of structural integrity. Replace
any damaged component or subassembly that has caused or resulted from the
interferences.

8.1.2.7 Dust or Debris

(See cleaning, 8.1.3).

8.1.2.8 Leakage

Replace leaking component on subassembly -{see cleaning, 8.1.3).

8.1.2.9 Configuration

The vehicle configuration should be as described in the top assembly drawing.
8.1.3 Cleaning

At the conclusion of each vehicle mission, remove any accumulation of sand,
dust, or other foreign material. Clean hydraulic fluid or 1ike contamination
with a Freon Degreaser, or equivalent. Battery electrolite (KOH) should be
treated in accordance with specific instructions (Section 8.2.8.5). Do not

apply adhesive backed tape to the electrical cables because later removal
may also remove the silver coating.

Mission J Basic Date 12/4/70  Change Date 6/23/71 Page 8-1C
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€.1.4 Storage

a. Long Term Storage. The vehicle should be stored inside a controlled access
area wherein the ambient temperature is 70 + 20°F and the relative humidity

does not exceed 90 percent. Batteries should be removed and stored
separately. Periodic visual inspection should be made of the vehicle as
defined in Section 2.1.1 and the ambient conditions should also be
monitored.

b. Short Term Storage. For overnight or other short term storage the vehicle
should be covered; however, batteries need not be removed. Ambient con-
ditions must be within a range of -20°F to +120°F,

8.1.5 Safety Considerations

Vehicle operation should not be attempted by untrained personnel because of
its unique control and handling characteristics. Driving skills must be
developed only after a period of verbal direction and checkout, followed by
actual operation under the surveillance of an instructor. Under no circum-
stances shall vehicle operation be other than specified in this Operation
Manual.

$ cauTiON
Vehicie design specifications required that a
minimum of three wheels support the vehicle at
all times. Operation of the vehicle over
terrain wherein two wheels support the entire
vehicle may cause serious structural damage.

-N
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8.2 : SPECIFIC PROCEDURES
8.2.1 Chassis

Visually inspect in accordance with Section 8.1.1. No additional adjustment
or maintenance is required.

8.2.2 Hand Controller

No periodic adjustment or maintenance is required on the unit. Hand controller
characteristics are shown in Figures 1-12, 1-13 and 1-14.

8.2.2.1 Lubrication and Cleaning of the Hand Controller

This operation should be done at a maximum of 300 hour intervals. Cleaning
and relubricating has to be done with the hand controller removed. The slide
attached to the boot should be removed from the hand controller assembly dur-
ing this operation to prevent damage to the boot.

With the hand controller removed (see Section 8.3.1), clean the unit thoroughly.
Clean all gear meshes and rubbing surfaces with "Freon Degreaser" cleaning
fluid (dispensed from a pressurized can) or equivalent. Relubricate areas

with Dow Corning "MOLYKOTE" or equivalent.

8.2.3 Suspension

Suspension clearance and alignment procedures will be required only if removal
or replacement procedures have been performed on suspension and related
traction drive or steering linkages. No suspension maintenance is required
other than as part of the pre and post sortie visual inspection of the vehicle
(Section 8.1.1).

8.2.3.1 Clearance and Alignment Adjustments
a. Locate vehicle on level surface.
b. Load vehicle with 520 pounds distributed as follows:
245 1b. driver seat
245 1b. passenger seat
130 1b. equally distributed over rear
NOTE: 1If the vehicle includes any of the following: LCRU, high gain

antenna, camera, rear-deck payload packages, the stated 130
pound rear-deck payload shall be decreased accordingly.

Mission J  Basic Date 12/4/70 _Change bate 4/19/71 Tage .
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8.2.3.1 (Continued)

C.

Use torsion bar bracket screws to position adjustable torsion bar retainer
until 35 cm minimum ground clearance exists when measured at the crew
compartment corners.

If inadequate adjustment exists remove the torsion bar (see Section 8.3.2)
and rotate one additional spline.

Apply power to both steering systems and position at electrical zero.

Lay a straight edge across the center of the drive cover of both left
side traction drive assemblies.

If a clearance of more than 1/16 inch exists between the cover and
straight edge, unlock one (or both if required) steering tie rod and
adjust until straight edge is flat on both hubs.

Repeat the procedure using right side traction drive assemblies.
Lock tie rod nuts.

Locate vehicle wheels on teflon pads or other low friction material.

Attach a protractor to the drive cover of both front traction drive
assemblies.

Apply front steering power and electrically zero the steering.

Zero the protractor, allowing adequate clearance for complete steering
movement.

Record steering displacement at both wheels while applying full steering
command in both left and right turn direction.

{ ‘E AVUTION

Interference may occur between the wheel, fender
and steering linkage.

If interference occurs, adjust potentiometer R16 of printed wiring
board RTV 20217 in the CW direction.

Trim potentiometer R16 until inside wheel displacement is 48° minimum.

Repeat procedure for rear steering.

-13
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8.2.3.1 (Continued)

Acceptance test data on steering operation and hand controller position versus
wheel angles is presented in Table 8-1 for reference only.

8.2.4 Traction Drive
No Traction Drive adjustments are required; however, each unit can be mech-
anically decoupled to simulate LRV degraded operation or to permit towing
without back-driving the motors (see Section 8.2.5.3, a through c). The
preventive maintenance described in sections 8.2.4.1 through 8.2.4.3 is
necessary.
8.2.4.1 Pre and Post Mission
Visually inspect per Section 8.1.1.
8.2.4.2 Every 50 Hours of Operation
Clean air filter as follows:
- Remove traction drive blower.

Remove filter material.

Clean or wash in water.
Dry and re-install.

o0 oo

8.2.4.3 Every 200 Hours of Operation
Relubricate gearbox as follows:

a. Remove traction drive assembly from the vehicle.

b. Remove hub assembly with drive cover and outer bearing by removing the
eight brake disc screws.

c. Secure brake disc to king pin by tieing two places, using hub mounting
screw holes,

d. Disconnect gearbox thermostat retainer band.

e. Remove any cable clamps, ties or restraints as needed and work gearbox
thermostat cable through gearbox flange as far as possible.

f. Remove gearbox mounting screws.

CAUTION |

Do not remove the brake disc and seal or damage
the thermostat cable.

g. Remove the three planetary stages and degrease.

h. Degrease the gear housing.

Mission J Basic Date 12/4/70  Change Date _ 4/19/71 Page 8-14
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8.2.4.3 (Continued)

i. Repack all planetary gears and bearings with RTV 21119-001 lubricant.

j. Reassemble gearbox and verify that the output stage bearing is seated
against the retaining ring.

k. Re-assemble.

8.2.5 Wheels

Wire wheels or pneumatic tires may be interchanged as sets.

8.2.5.1 Wire Wheels

Visually inspect in accordance with section 8.1.1. Discontinue wheel use_ _
when wire breakage approaches 200 wires. Loose tread strips may be wired
in place, since disassembly is not practical.

8.2.5.2 Pneumatic Tires

Visually inspect in accordance with Section 8.1.1. Repair, using conventional
commercial tire techniques. For most operations inflate the tire to 30 psig -
approximately 13.9 inch rolling radius (as measured from the hub center to

the operating surface). Do not exceed 40 psig. Air pressure may be reduced
for soft soil operation.

8.2.5.3 Wheel Decoupling
This procedure is for decoupling any of the four wheels. Nonfunctional

decoupling clips are installed on each wheel for LRV simulation. The actual
decoupling is accomplished by replacing drive hubs with blanks.

a. Hand Controller - parking brake position with throttle control in neutral.

b. DRIVE POWER Switches (4) - OFF.

c. STEERING Switches (2) - OFF.

d. + 15 VDC Switch - OFF,

e. Remove the six Phillips-head screws from the hub of the wheel to ce de-
coupled (figure 8-9).

f. Remove the drive hub.

g. Obtain a blank "decoupling" hub.

h. Insert the blank hub into the wheel.

i. Install the six screws into the blank hub to secure the hub to the wheel.

j. Notify crew to resume operation.

8.2.6 Brakes

8.2.6.1 Brake Adjustments - Maximum Stopping Effort

a. Install Tong master cylinder actuating levers on both cylinders and
connect external springs.

Mission J Basic Date 12/4/70 Change Date _4/19/71  Page fﬁjfi
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DRIVE HUB (REPLACED BY BLANK
HUB TO EFFECT WHEEL
DECOUPLING)

DECOUPLING SIMULATOR
FOR CREW TRAINING

/ :

SCREWS (6)

TYPICAL FOR ALL FOUR WHEELS

FIGURE 8-9 1G TRAINER WHEEL DECOUPLING
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.2.6.1 (Continued)

NOTE: If lever operation results in a spongy effect or in brakes with
leak down, bleed the system of entrapped air before proceeding.

Connect cable clevis to the top lever holes.

With the hand controller forward (brakes off), concurrently adjust
cable lengths at the hand controller yoke for both master cylinders.

(1) Maintain horizontal position of the yoke (equalized load).

(2) Adjust length until the brake pulley position is as shown in
Figure 8-10. Maintain corresponding relative rotational position
between puileys.

(3) Maintain clearance between the actuation Tever and the master
cylinder piston with clevis adjustment.

Remove master cylinder covers and verify fluid level.

Concurrently adjust the actuation lever position (with the clevis) until
no clearance exists between the lever and piston. Continue to adjust
until application and release of the brakes with the hand controller
results in the absence of an oil spout in the fluid reservoir.

Readjust the clevis(es) the minimum amount necessary for consistent
occurrence of the oil spout.

Re-verify fluid level and install the reservoir cover.
Braking effort may be verified as follows:

(1) Adapt a 200 ft. 1b. capacity torque wrench to the center of a

blank traction drive cover, RTV 20613. (A 5/8 diameter high
strength socket head bolt may be used).

Install adapted cover in place of any existing drive cover.

Remove vehicle weight from the traction drive.

Set the hand controller to the park position.

Attach torque wrench with 7/8 inch socket to the adapter cover.
Torque with wrench until the wheel rotates - indicated value should
be approximately 195 ft. 1bs.

e~~~
DOV B W
—r S et e e

NOTE: If substantially less torque is measured the noniinear pulley
may be incorrectly positioned and the procedure should be
repeated starting at Step 8.2.6.1.c.

Mission J Basic Date 12/4/70 Change Date 4/19/71 Page 8-18
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8.2.7.1 (Continued)

has to be removed for other service operations (not to exceed 50 hours as
mentioned previously).

Cleaning the steering gearboxes should be done by first blowing out any dirt
or dust with compressed air. Gears are to be cleaned with "Freon Degreaser”
fluid or equivalent. Relubricate the gear teeth with Dow Corning "MOLYKOTE"
or equivalent.

8.2.7.2 Steering Decoupling

a. Verify the crew has manually positioned the forward or rear wheels (which-
ever is to be simulated as the decoupled wheels) to the straight ahead
position.

Hand Controller - parking brake position with throttle control in neutral.
DRIVE POWER Switches (4) - OFF.

STEERING Switches - OFF.

Obtain two steering arm clamps.

T an o

f. Place steering arm clamp on the left and right hand steering arms, in
such a position that the clamps are butted against the outside of the
chassis frame where the steering arms pass through the frame (figure
8-11).

g. Open the FORWARD STEERING Circuit Breaker on the display and control con-
sole if forward steering arms were clamped. Open the REAR STEERING
Circuit Breaker if the rear steering arms were clamped.

h. Notify crew to resume operation.

8.2.8 Drive Power

The Drive Power Subsystem consists of a Control Electronics package, two
Drive Controllers, and two 34 VDC Ni-Cad batteries.

8.2.8.1 Control Electronics

No periodic adjustment or maintenance is required. Inspect the exterior in
accordance with Section 8.1.1

8.2.8.2 Drive Controiler

No periodic adjustment or maintenance is required. Inspect the exterior in
accordance with Section 8.1.1.

e —

21
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CHASSIS FRAME

STEERING PIVOT ARM

1G TRAINER STEERING ARM CLAMP
STEERING ARM

VIEW A-A

TYPICAL FOR BOTH STEERING ARMS
FORWARD AND REAR

FIGURE 8-11  1G TRAINER STEERING ARM CLAMPING
TO SIMULATE STEERING DECOUPLING
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8.2.8.3

Battery Change-Out

Changeout of 1G Trainer batteries can occur in two different operational condi-

tions:

(1) when the navigation system is to remain on during changeout, and

(2) when the navigation system may be off during changeout. The following
procedures define both cases.

a. When the navigation system is to remain on:

1)
2)
3)

10)
)

12)
13)

Mission J

DRIVE POWER Switches (4) - OFF.
STEERING Switches (2) - OFF.
+ 15YDC Switch - OFF.

NOTE

1G Trainer Battery #1 is on the right side,
Battery #2 on the left side.

If changing out Battery #1, open BAT 1 BUS A and BAT 1 BUS B circuit
breakers. Do not open the BAT 2 circuit breaker or navigation power
will be lost.

If changing out Battery #2, open BAT 2 BUS C and BAT 2 BUS D circuit
breakers. Do not open the BAT 1 circuit breakers or navigation power
will be Tlost.

Place power selector switch (figure 8-12) for the battery to be changed
out in the OFF position. Do not operate the selector switch for the
other battery.

Disconnect the battery connector from the battery to be changed out
(figure 8-12).

Remove the four screws from the battery mounting bracket.

Lift the battery clear of the 1G Trainer using the handles at either
end of the Lattery.

Obtain recharged replacement battery.

Set the replacement battery in place with the connector inboard and
the holes in the mounting brackets aligned with the screw receptacles
in the 1G Trainer.

Instal] the four screws, securing the battery to the 1G Trainer,

Connect the battery connector to the battery.

— 8-23
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POWER SELECTOR SWITCH

MOTOR CONTROLLER
N

ASSEMBLY MOTOR CONTROLLER
ASSEMBLY
A__—.—- / g : / "\
Y TS ~_ff:_______3 | VERAN WK
/ BATTERY MOUNTING | B
S ~ BATTLRY BRACKLT BATILRY HANDLL
[/HATTLRY #) CONNE CTOR —~BATTLRY #2 | ‘

DUST COVLR SIMULATOR

FIGURE 8-12 1G TRAINER BATTERY INSTALLATION
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8.2.8.3 (Continued)
14) Place the power selector switch in the BATTERY position.

15) If Battery #1 was changed out close BAT 1 BUS A and BAT 1 BUS B cir-
cuit breakers on the control and display console.

16) If Battery #2 was changed out, close BAT 2 BUS C and BAT 2 BUS D cir-
cuit breakers on the control and display console. v

17) Repeat steps 4 through 16 for the other battery.

b. When the navigation system may be off:

1)  DRIVE POWER Switches - OFF.

2)  STEERING Switches - OFF,

3) + 15 vyDC Switch - OFF.

4) Tircuit Breakers BAT 1 BUS A, BAT 1 BUS B, BAT 2 BUS C, BAT 2 BUS D -
Open.

5)  Place power selector switches in OFF position.

6) Perform step a7 through al4 for both batteries. ) _

7)  Close BAT 1 BUS A, BAT 1 BUS B, BAT 2 BUS C, BAT 2 BUS D Circuit

Breakers.

c. If required to perform dust cover simulation, remove dust covers from one
set of batteries and install on replaced batteries.

8.2.8.4 Battery Recharging

Each battery will be discharged to a condition below 29 volts when seven amps
current exists,

a. Remove closure cover and all plastic fill caps.

b. Verify presence of low-pressure relief vent screw in each fill-cap.
¢. Connect a charging circuit equivalent to Figure 8-13.

d. Set power supply current limiter to provide 14 amps.

e. FEnergize the power supply and adjust voltage to provide 14 amps out of
the supply.

f. Maintain condition specified in "e" for a period of 2 hours. Adjust
voltage as required for constant current charging.

g. Set power supply to provide +45.5 + 0.2 vdc and maintain the current
limiter setting of 14 amps.

8-25
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POWER T
SUPPLY
0-60V15A |
CR2
CRI IN 3209
IN 3209 1% S%l OR EQUIVALENT
OR EQUIVALENT
a1l 6 5 12 10
. oL
BATTERY

FIGURE 8-13 1G TRAINER BATTERY CHARGING CIRCUIT
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8.2.8.4 (Continued)

h. Allow batteries to charge for 4 hours or until the current flow is less
than 2.0 amps.

i. Remove the charging circuit from the battery.

j. Using the VOM, measure the open-circuit voltage. Voltage should be
greater than +35 VDC.

k. Check and verify that the level of electrolyte in each cell is visible
at the bottom of the funnel-shaped inner chamber.

1. Using a syringe, carefully add distilled water to each cell if necessary
to bring electrolyte to the proper level.

m. After charging, the batteries shall be carefully rinsed with distilled
water,

n. After rinsing, the batteries shall be dried.
0. Remove battefies from setup, install closure cover, and secure from test.
8.2.8.5 Precautions for Handling Batteries and Electrolyte

The electrolyte (KOH) is alkaline and corrosive. It should be handled with
care, since it will cause serious burns if allowed to contact eyes or skin.

At stations where handling is done, a supply of boric acid, for eye-burns,
and a solution of weak acid (5% acetic acid) for skin burns should be main-
tained.

Persons who work with batteries should wash their hands thoroughly after
handling them,

Persons who fill batteries or otherwise handle electrolyte should wear
alkali-proof aprons, gloves, and a face mask.

KOH can cause ignition between points of sufficiently high potential difference.

Fire extinguishers should be available during battery operation and servicing.

Batteries should not be lifted by one man.
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8.3
8.3.1

PREVENTIVE MAINTENANCE ASSEMBLY REMOVE AND REPLACE PROCEDURES

Removal and Replacement of the "Hand Controller"

CAUTION

During this operation do not put tape of
any kind on the electrical cables. The
tape will remove the silver from the pro-
tective cable cover.

Removal is accomplished in the following manner:

a.

8.3.2

Cut brake release cable (the small cable that extends rearward from
the hand controller mount).

Detach electrical cables from Display and Control Console. Cut
cable ties as required.

Remove brake cables.

Remove the display console from its base. Remove the console base

by removing the two "T" pivot handle pins and the two clevis pins

at the rear of the console base.

Uncouple the electrical connections at the base of the hand controller.
Remove the four side plate mounting screws.

Remove the four screws from the base of the hand controller.

Suspension/Traction Drive - Removal and Installation Procedure

Remove weight from wheel by suspending vehicle at 1ift points, after
measuring ground clearance.

Remove wheel disconnect simulator.

Remove wheel and fender.

Disconnect steering tie rod at steering hinge.
Disconnect traction drive cables.

Disconnect brake hoses, if traction drive is to be moved from area.

Mission
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8.3.2 (Continued)

Loosen torsion bar adjustment screw - one only.

Remove torsion bar cover screws/cover at outboard suspension bracket.

Remove torsion bar.

NOTE: Torsion bars are not completely interchangeable (cross corners
only) and each should be marked with respect to suspension fitting to

assure the same ground clearance upon re-assembly.

Remove top and bottom king pin screws and flat washers.

Remove traction drive.

Remove shock absorber. {May be removed without prior steps if
shock absorber is only service item.)

Remove upper suspension attachment hardware at suspension mounting
brackets.

Remove outboard suspension brackets. Also remove inboard suspension
bracket if service is required.

Remove suspension arms.

Remove suspension to king pin links (both arms), if service of parts
required.

To remove inboard torsion bar brackets (with adjustable retainer),
remove frame mounting screws and remove from the bottom.
Adjustable retainer may be removed by disassembling the torsion
bar bracket.

NOTE: Torsion bar brackets are line bored with suspension brackets
and are not interchangeable.

The fixed torsion bar retainer may be replaced in the lower suspension
by pressing out dowel pins in the flange and unscrewing fitting.

NOTE: Fixed retainers are drilled on assembly and are not
interchangeable.
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8.3.2. (Continued)

Inspect all parts for wear or damage. To reassemble, reverse above procedure.
Also:

s. Drill link pins on assembly if replaced.

t. Tighten only the torsion bar adjustment screw that was loosened in step 2.3.24.
u. Realign wheels if new traction drive or steering linkage installed.

v. Bleed brakes if 1ines have been opened.

w. Verify proper ground clearance as recorded during disassembly.

8.3.3 Drive Power - Removal and Installation Procedure

a. Remove batteries (see Section 8.2.8.3).

b. Loosen set screw in off-on charge switch handle and remove.

C. Remove all cover screws and hold down screws on filter cover and
controller assembly.

d. Disconnect wires (4) from top of filters.

e. Disconnect wires (5) from rear of switch assembly which come from
controller below.

f. Tip filter and switch to one side and disconnect wires (4) from
lower side of filters.

g. Remove switch and filter assembly, allowing disconnected wires to
flow through holes in lower switch and filter plate.

h. Remove wires from TB1 inside controller box. (Only wires which
come from inside trainer chassis should be removed.)

i.  Nuts and washers should be counted as it is important not to lose
any hardware inside controller box or a short circuit may result.

j. Disconnect P2 cannon connector.

k. Remove controller box by 1ifting and feeding wires through hole in
bottom of box.

1. Remove Control Electronic mounting screws, disconnect cables routed
into the box from below, and remove package.

m. Install units in reverse of removal.
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8.3.4

M

Steering Gearbox Removal and Installation Procedure
Remove Drive Power units as described in Section 8.3.3.
Remove transverse structural support member RTV21103.
Disconnect cables and remove signal processor unit.
NOTE: Thermal controls are hard wired and may require unsoldering.

Disconnect cables and remove gyro reference unit with mounting
brackets.

NOTE: Thermal controls are hard wired and may require unsoldering.
Detach cables from the front cover panel by removing four screws,
three places for the two battery cables and the signal processor
cable.

Detach cable from signal processor mounting bracket, RTV-21105, and
remove bracket.

Remove simulated hinges, front and rear.
Remove front and rear cover panels.
Disconnect the steering tie rods from the gquadrant gear.

Disconnect the electrical plugs. Detach the two wires from the
diode mounting block terminal strip.

Remove the two gearboxes to isolation, mount bolts.

Remove the two bolts and two screws from the large end of the gear-
box.

NOTE: On the rear of the front unit the nuts on the two bottom
vertical screws have to be removed. The ends of the screws are
slotted for this purpose.
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