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PREFACE

This document prepared by the Flight Control Division, Manned
Spacecraft Center, Houston, Texas, with technical assistance by
LTV/Kentron Hawaii, Ltd., is being printed with Section 8 to be
supplied in a document change package at a later date. Since the
Section 9 LM Interface Drawings are taken from Section 13 of the LM
Systems Handbook, these drawings will be subject to updating and
reprinting as PCN's anytime before the flight as required to reflect
the latest changes in the LM Systems Handbook. Information contained
within this document represents the lunar roving vehicle systems as of
October 2, 1972.

This document is intended for specialized use by the LRV flight controllers
in real-time and near-real-time operations. This document, in conjunction
with the Boeing Company's LRV Operations Handbook, LS006-003-2H, will
provide the LRV flight controilers with a thorough knowledge of the LRV.

Comments regarding this handbook should be directed to the Lunar

Surface Experiments Section of the Lunar/Earth Experiments Branch,

Flight Control Division. Document Changes providing new basic information
or page change updates will be issued as required prior to the flight
date.

This document is not to be reproduced without the written approval of

the Chief, Flight Control Division, Manned Spacecraft Center, Houston,
Texas.

Approved by:

S

ames E£. Saultz, Sr.
Chief, Lunar/Earth Experiments Branch

20 Wil
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SECTION 1
INTRODUCTION
LRV ACRONYMS AND ABBREVIATIONS
ac alternating current
Ade ampere(s) dc
amp ampere(s)
ant antenna,
assy assembly
CB circuit breaker
ChC control and display console
de direct current
DCE drive control electronics
DGU directional gyro unit
EP explosive package
F fuse, Fahrenheit
14 field
fwd forward
gnd ground
HS heat sink

inhib inhibit

insul insulation

IPT integrated position
indicator

instl installation

km kilometer(s)

LCRU lunar communications
relay unit

M lunar module

LRV lunar roving vehicle

max maximum

mde mode

MOCR Mission Operations
Control Room

ms millisecond

MSS mobility subsystem

mtr motor

N/A not applicable

neg negative

norm normal

oper operate

out output

pet percent

PLSS portable life support
system

pos positive

posn position

pri primary

PWM pulse width modulator

pwr power

ref
reg
rev
rly
rat

sci
sig
snsr
SPU
STDN

SW
sup
sys

temp
therm

Vaco
Vde

é =
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reference
regulator
reverse
relay
reset

scientific

signal

sensor .
signal processing unit
space tracking and
data network

switeh

supply

system

temperature
tenmperature
thermal

volt(s)
volt(s) ac
volt(s) de

watt(s)
walking hinge
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1.2 DRAWING SYMBOL STANDARDS
1.2.1 Line Legend
1.2.1.1 Electrical line, power and control.-

-

A, Electrical connebted

B. Electrical c¢rossover

1.2,1.2 Directional flow arrows.-

1.2,1.3 Mechanical linkage.-
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1.2.2 Electrical Symbols

l.2.2.1 Switches.-

A,

Switch format

XOOOOOOOEX Mejor title
/T 0ODOXXXXXX S Minor title

r-------ﬂ

Switeh name

as shown on ] ‘
Dwg 5.2 T = 000X ]
1 xxx 1
1 &—xx T | Sviten

.———-I—— contact
Switch art _T_—O\_Xﬁ_r_ nonenclature

(shown in i XXX -~
same pOSIILtlol:l - Switch position
as the cirecuit l nomenciature
configuration) —'-——>- XXX < l as shown on
Dug 5.2
XXX -

SXX}— Switch number
T rrree . r

r--

Two-position switch’

>
Three-position switch
‘ & r—

Pushbutton switch

r-------1
1 XXXXX ]

i sxx 1

L-------J
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E. Barometric pressure switch

—r

| —
|
XXAXX
1.2.2.2 Circult bresker.-
XXXXX - Major title
/ XXUNK e Minor title
P D . S GN E—
: XXX = 1: Circuit breaker
name ag shown on
i ;L | Dwg 5.2
1 oxae—
XA - Amperage
i
| CBXX~———Circuit breaker
T s o o = o o om el number
1.2.2.3 Battery.-
Name
-1.2.2.% Relays.-
A. Latching B. Non-latching
relay ’ - relay
tatching ——4’(.—_— Momentary
) contacts contacts
L — | &

| S e

' * XXX <b———— Nomenclature

1-4
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1.2.2.5

1.2.2.6

1.2.2.7

System ground.-

Diodes.-

A.

General

Zener

Tunnel

Control rectifier (SCR)

Triac

T
Ly

XXX +—— Limiting voltage

Pr

L

b
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1.2.2.8 Potentiometer.-
XXX <4=——— Rating
l.2.2.9 Resistors.~
A. Fixed

XXX ~——— Rating
e AAA S

B. Thermistor or resistance thermometer (any element
whose sensing resistance varies with temperature
regardless of polarity)

1.2.2.10 Thermostat.-

s

XHAXX = Range

l.2.2.11 Amplifier.-

Power input

Inverting
input

. . Qutput
Noninverting

input



——

L
1.2.2.12 Capacitors.-
A. Pixed
B. Variable
1.2.2.13 Digital inverter.-
1.2,2.1%  Synchro transmitter.-
P
) (~ -
Imtr .
outputs 'ﬁ
L=
1.2.2.15 Motor.- Redundant brushes
T

Ac exitation.
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1.2.2.16 Flip-fiop.~
A. J-K flip-flop B. D-type edge triggered flip-flop
Q O
S : S
—J Qr— ) Q—
—1C —C
— K q — Q
R R
O O

1.2.2.17 Gates.-
A, And Truth table

A
@ Y
B ——q
A—\
o Y
B —
A ——
+ Y
B ——
A —
+o—v
B ——
E. Exclusive or
A ———
D Y
B —

ROTE

>
m
=<

B, Nand

D. Nor

COrHM|OOm| oo |[OOR MO KM
OHOH | OO | OO | OHOR | OO
O HOIHOOQO|oHHEHIFPFHEHO]I OOOK

Open circle indicates an inverter.

1.2.2.18 Electrical filter.-
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1.2.2.19 Transistors.-

A, NPN B. PNP . C. FET P=-channel

1.2.3 Miscellaneous Symbols

1.2.3.1 Drawing notes.- Notes are of two types: general and specific. General notes
do not apply to s specific area on the drawing. ©Specific notes do apply
to a specific area or areas of the drawing and are indicated with a note

flag (shown below} which appears in the area or areas referenced.

>

l.2.3.2 Technical zone reference.- Zone references direct attention from one areas

to another in the same or another drawing. The "2Z" shown below, with

appropriate zone locators, indicates the exact area referenced.

X coordinate > AZ]_ - Y coordinate
XX.X '

LWhe:n this number appesrs, it refers to another
drawing. When there is no number, the zone
refers to another area onithe same drawing.

The hexagon {"hex"), shown below, is used to connect one line to another line
on the same or on another drawing. The appropriate "Z'" appears next to the

"hex" to direct attention to the location of the corresponding reference.
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GENERAL INFORMATION

LRV DESCRIPTION

The IRV is a four-wheeled, electrically propelled, manually controlled vehicle

+o be used For transporting crewmen and equipment on the lunar surface. ¥The vehicle
has accommodations for two crewmen and has the stowed auxiliary equipment designed

for a particular mission.

Either crewmen may control the LRV by utilizing the hend controller installed midway
between the two seats. All controls and displays are located on one panel for easy
use from either seat,” These controls and displays include switches for drive motors,
steering motors, main batteries, and redundant systems selection, Displays of battery
paremeters, navigation data, and temperatures of critlcal components are provided.

Circuit breakers are located in groups on the same control panel.

The LRV consists of the following major subsystems and components: structure, mobility,

crev station, electrical, navigation, and stowed payload,
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SECTICN 3

STRUCTURE

SUBSYSTEM DESCRIPTION
The LRV structure subsystem comsists of the chassis (Drawing 3.1), passive and active

thermal control devices, and dust control devices.

THERMAL CONTROL
Thermal control {Drawing 3.2) is provided in the forms of surface finish, thermal

straps, fusible heat sinks, insulation blankets, and thermal mirrors.
Surface finishes are either anodized or painted with thermal control paints.

Thermal straps are either 2 layers (on DOU) or 1L0 layers (on 8PY) of .00l aluminum

foil welded to aluminum end pieces.
The fusible heat sinks consist of solid paraffin wax in an aluminum container.

The insulation (or thermal) blanket is agsembied from 15 layers of perforated aluminized
mylar with 14 layers of interspersed nylon netting.

The thermal mirrors use & silver film on glass-~these are dust semsitive. If over
5 percent dust is present on the surface, these will not radiate to the efficlency
necessary for adequate cooldown of equipment during rest periods. This affects the
batteries which not only store up discharge heat but also act as a heat sink for other

eomponents.

DUST CONTROL
Dust control is incorporated into the LRV to minimize the effect of lunar dust on the

equipment snd crew. Dust control is provided by means of fenders, boots, covers, seals,

and caps.

Fiber-glass fenders control the dust created by the wheels. The fenders congist of a
fixed section and a sliding section which must be extended by the crew upon deployment

on the lunar surface.

A boot around the base of the hand controller grip provides control against dust
entering the mechanism.

The steering sectors in the forward and aft chassis are enclosed with structure, beta

cloth, and bootg for dust control.

411 working Joints of the suspension system are protected from dust by seals and dust

caps.

The traction drive assemblies are hermetically sealed thus preventing entry of lunar
dust.

Dust control for the brakes is provided by circumferentisl shields around the drums

and boots around the brake levers.

The piston rod of the linear damper is protected from dust by a cylindrical sleeve
and by seals.
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Fiber-glass covers over the batteries, DCE, and SPU provide dust protection for the

thermal mirrors while closed.
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MOBILITY

SUBSYSTEM DESCRIPTION
The LRV mobility subsystem consists of the wheels, suspension, traction drive,

steering mechanical, steering electricel, and drive control electronics.

WHEEL

Rach wheel (Drawing 4.1) consists of an open wire mesh tire with chevron thread covering
50 percent of the surface contact area. The tire inmer frame (buwp stop) prevents
excessive deflection of the outer wire mesh frame under high Impact load conditions.

In an emergency, the vehicle can operate with the bump stop only. Normally, each tire
is capsble of maintaining full operations with 10 percent of the wire elements broken.
If the wire elements are broken, they are a potential hazard to the astronaut working

in the area.

Each wheel can be upcoupled from the traction drive by operation of the two decoupling
mechanisms (Drawing 4.2), which allow the wheel to "free-wheel" about a bearing surface
independent of the drive train for up to 100 km of lunar operation. The decoupling
mechanism can alsc be used to re-engage the wheel with the traction drive. Either
outboard toehold can be used as the wheel decoupling tool. Decoupling a wheel results
in a nonfunctional brake and odometer for that wheel.

SUSPENSION .
The chassis is suspended from each wheel'by a pair of parallel triangular arms connected
between the LRV chassis and each traction drive. (See Drawing 4.3 for the suspension
system.) Loads are transmitted to the chassis through each suspension arm to a separate
torsion bar for each arm. The upper torsion bars are used primarily to deploy the wheels
from the stowed econdition. Deployed, they carry sbout 15 percent of each wheel load, with
the lower torsion bars carrying the remaining 85 percent. Wheel verticel travel and rate
of travel is limited by a damper connection between the chassis and each upper suspension
arm. The damper limits wheel vertical travel to 6 inches of jounce snd L inches of rebound
under nominal load conditions. The combination deflection of the suspension system/tires
allows 1l inches of chassis ground clearanée when the LRV is fully losaded and 1T inches
when unloaded.

Damping energy heat is transferred to the silicone oil (47 cc) in the damper., The heat is

then conducted from the oil to the demper walls for dissipatiom.

The suspension assembly is rotatable approximately 135 degrees to allow LRV stowege in
the IM.

TRACTION DRIVE

Each wheel is provided with a separate traction drive assembly (Drawing L.4) consisting

of & harmonie drive reduction unit, drive motor, and brake assembly. Each traction drive
is hermetically sealed to meintain a 7.5 psia internal pressure for optimum thermal control.

Decoupling & wheel also decouples that traction drive assembly.

L-1
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Harmonic Drive

The four harmonic drive reduction units transmit torque to each wheel, Input torgue
to the four harmonic drives is supplied by the four electric drive motors. The
harmonic drives reduce the motor speed at the rate of 80:1 and allow continuous
application of torque to the wheels at all speeds without requiring gear shifting.
Each traction drive also contains an odometer pickup which transmits pulses to the

navigation system signal processing unit at the rate of 9 pulses per wheel revolution.

Drive Motor .

The drive motors are direct—-current series, brush-type motors which operate from a
nominal input voltage of 36 Vde. Speed control for the motors is furnished by pulse
width modulation from the drive controller electronics package. Each motor housing
also forms the kingpin for the LRV steering system. Each motor is instrumented for
thermal monitoring. An analog temperature output from a thermistor located in the
field winding is transmitted for display on the control and display panel. In addition,
each motor contains a thermal switch which closes at excessive temperatures and provides

an input signal to the caution and warning system to actuate the warning flag.

Brakes

Each traction drive is equipped with a mechanical brake (Drawing 4.5) actuated by

a cable connected to & linkage in the hand controller (Drawing 5.4). Braking is
accomplished by moving the hand controller rearward. Brakes are effectively locked
at 12° of hand controller aft movement, Drive power inhibit is actuated by a switch
at 15° of hand controller aft movement, Decoupling a wheel also decouples the brake
for that wheel.

STEERING

Steering Mechanical

LRV steering {Drawing L.6) is accomplished by Ackerman—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 ncminal position.
This operation energizes separate electric motors for the front and rear wheels and
provides through a servosystem a steering angle proportional to the position of the

hand controller.

Eaech steering motor is connected to a speed reducer which drives e 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°
and inner wheel angle of 50°. 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 single Ackerman steering is desired or for a motor/speed reducer failure,

the steering linkage can be disengaged from a sector, the wheels can be manually centered
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and locked, and operations can continue using the remaining active steering assembly.
Forward steering re—engagement cannot be accomplished by a crewman. The aft steering
can be re-engaged using the special tool stowed on the aft chassis. This tool is used

to retract the locking pin from the steering sector.

Steering Electrical

The steering electrical system (Drawing L.T) is a servosystem. A signal generated by
deflection of the hand controller is coupled to the input servoomplifier as an error
signal across a bridge. This error signal is amplified and applied to the steering
motor field coils in a direction determined by polarity of the imput error signal
(determined by the direction that the hand controller is deflected). The feedback pot
is driven by the steering motor to a position that exactly cancels the original input
ervor signal by balancing the bridge. Angular displacement of the wheels will then

remain constant until the hand controller is moved to a new position.

The two steering motors are supplied power through separate circuit breakers from

selectable electrical buses to provide redundancy.

Single Ackerman steering can be selected by centering the wheels and turning off either
aft or forward steering power. This procedure may require occasionally recentering
the disabled steering by turning on its drive power momentarily with the hand controller

in the straight ahead positicn.

DRIVE CONTROL ELECTRONICS (Drawing 4.,8)

A forward or rearward motion of the hand controller about the palm pivot point closes
switches which select forward or reverse drive direction. This same movement causes &
signal to be generated by the wiper of the traction drive pot., This signal controls
the duty cycle modulation of the pulse width modulator (PWM). The pulse width of the
PWM is proportional to the amount of hand controller deflection {throttle). This
signal is then coupled through an inhibit gate to current-limited power transistors
which in turn modwlate 36 Vdc power to the drive motor field coils, The direction of
current flow through the drive motor is determined by motor control relays which are

normelly controlled by the hand controller select switches.

Signals generated by the odometer reed switches in the traction drive prevent
application of reverse drive motor power while moving forward or vice-versa if the
LRV speed is greater than 1 km per hour. The vehicle should be completely stopped
before attempting to change direction as the cdometer inhibits are unpredictable

between 1 km per hour and stopped.

Drive power is also inhibited by a drive power inhibit switch which closes at the
hand controller aft 15° position (brakes nominally lock at 12° aft) or by getting a
current overlead signal from the current limiting eircuits. Also, drive power is
temporarily inhibited while changing directions to prevent switching the motor control

relays under load.

Application of motor drive power when applying brakés is possible since the brakes lock
at approximately 12° aft hand controller movement, and the breke inhibit logic is set
at 15° aft hand controller movement. This is true for both forward and reverse drive

pover.
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