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HANDBOOK CONFIGURATION

Th i s handbook re fl ec ts the Luna r Rovi ng Veh i c1e (LRV) and Space Support
Equipnent (SSE) delivery review configuration as modified by incorporation
of the following:

ECP DESCRIPTION

LRV 1097 Incorporation of Manual SSE

LRV 1073 Seat Belt Modification

LRV 1075 Rear Steering Recoupling

LRV 11 04 Therma 1 B1 anket

LRV 1103 Switch Guards
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SECTION I

GENERAL INFORMATION

1.0 INTRODUCTI ON

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

1.1 DESCRIPTION

The LRV system on the lunar surface consists of the LRV, the structure for
securing the LRV to the LM stowage bay and the mechanism for deploying the
LRV from the L~1 onto the 1unar surface.

1 .2 VEH I CLE 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
n~nt designed for the particular mission.

Control of the LRV during traverses is effected from either of the two cre~n

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

***lG Trainer Notes***

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

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

)·1
Bas i c Da teJ----_._.Mission
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FIGURE 1-2 1G TRAINE'R
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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, Sh 1) includes an open wire mesh tire with chevron tread
covering 50 percent of the surface contact area. The tire inner frame prevents
excessive deflection of the outer wire mesh frame under high impact load con
ditions.

Each wheel has a decoupling mechanism (figure 1-5) and can be decoupled from
the traction drive by operating the two decouplinq mechanisms (figure 1-10)
which allows the wheel to "free-wheel" about a bearing independent of the
drive train. This decoup1ing mechanism can also be used to re-engage the
wheel with the traction drive. Oecoup1ing disables the brake on the affected
whee1.

***lG Trainer Notes***

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

2. The 1G Trainer has simulated wheel de
coupling mechanisms to duplicate the
LRV-to-Crew interface. Operation of
this simulated mechanism, however, will
not effect actual decoup1ing. Procedures
for lG Trainer wheel decoup1ing are shown
in Section B. Wheel decoup1ing on the
lG Trainer does not disable the brake on
the affected wheels.

1.3.2 Traction Urive

[,lch wheel is provicled with a separate traction drive (figure 1-5, Sh 1) consistinll
of" harmonic drive reduction uni t, drive motor and brake assembly. Each
traction drive is henlletically sealed to maintain a 7.5 PSIA internal pres-
sur" for improved brush lubrication. Each traction drive also contains an
odometer pickup which transmits a pul~e to the navigation system signal pro
cessill~ Lnit at the rate of nine pulses per wheel revolution.

Mission J . Bas i c Uate 12/4/70 Change Date ._4jJJ.L!J... _ Paye 1-5
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···lG 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, Sh 2).

2. 1G Trai ner tracti on dri ves are not hermeti ca 11y
sealed.

1.3.2.1 Hannoni c Dri ve

The four harmonic drive reduction units transmit torque to each wheel. Input
torque to the four harmonic drives is supplied by the four electric drive
n~tors. The harmonic drives reduce the motor speed at the rate of 80:1 and
allow continuous application of torque to the wheels at all speeds without
requiring gear shifting, Speed/torque/efficiency characteristics of the
harmonic drive units are shown in Appendix A.

1.3.2.2 Drive Motor

The drive motors are direct current series, brush type motors which operate
from a nominal input voltage of 36 VDC. Speed control for the motors is
furnished by pulse width modulation from the drive controller electronic
package. Performance characteristics for the drive motors are shown in
Appendix A. Suspension system attach' fittings on each motor also form the
king-pin for the LRV steering system. Each motor is instrumented for thermal
moni tori ng. An analog temperature measurement from a thermi s tor at the
stator field is displayed on the cOlltro1 and display panel. In addi-
tion, each motor contains a thermal switch which closes on increasing tempera
ture at 4UO°F and provides an input signal to the caution and warning system
to actuate the warning flag.

"··lG Trainer Notes··"

1. The 1(; Trainer drive motors operate from a
nominal input voltaqe of 34 VDC.

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

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

Page 1-12
~c..::..:...'--'--B . 0 t 12/4/70 Change Date 4/19/71

~1ission __.c!.-,__ aS1C a e



1.3.2.3 Brakes
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Each traction drive is equipped with a mechanical brake actuated by a cable
connected to a linkage in the hand controller. Stopping distance capability
using these brakes is shown in Appendix A.

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

***lG Trainer Note***

The 1G Trainer brakes are hydraulically
actuated disc brakes. Brakes are actuated
by the hand contro 11 er in the same manner
as the LRV mechani ca1 brakes.

1. 3. 3 Suspens ion

The chassis (figure 1-7) is suspended from each wheel by a pair of parallel
triangular arms connected between the LRV chassis and each traction drive.
Loads are transmitted to the chassis through each suspension arm to a
separate torsion bar for each ann.. Whee1 vertical travel and rate of travel
is limited by a linear da~per connected between the chassis and each
traction drive. The deflection of the suspension system and tires combine
to allow 14 inches of chassis ground clearance when the LRV is fully loaded
and 17 inches when unloaded.

Damping energy heats the fluid in the damper. The heat is conducted from
the r1uid to the damper wallS for dissipation.

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

***lG Trainer Notes***

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

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

Mission J
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1. 3.4 Steeri ng
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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
n~tors for the front and rear wheels, and through a servo system, provides a
steering angle proportional to the position of the hand controller. (The
steering control block diagram is shown in figure I-g).

Each steering motor is connected to a speed reducer which drives a spur gear
sector which, in turn, actuates the steering linkage to accomplish the change
in steering angle. Maximum travel position of the sector provides an outer
wheel angle of 22 degrees and inner wheel angle of 50 degrees. The steering
rate is such that lock-to-lock steering can be accomplished in 5.5 (+ 0.5)
seconds. . -

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

···lG Trainer Notes···

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

2. The lG Trainer has simulated steering decoupling
mechanisms to duplicate the LRV-to-Crew interface.
Operation of this simulated mechanism, however,
will not effect actual decoupling. Procedures
for 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
cOlllllands to the drive controller electronics. The drive controller electronics
then processes these hand controller commands to t~ appropriate drive motors
and steering motors to effect the desired control function. The hand con-
troller is also used as the mechanical brake lever. .

Mission
Page 1-15
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II/,;W COllTROLLER OPERATIOH:

T-HAtiDLE PIVOT FORWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES FORWARD SPEED.

T-HAN~LE PIVOT REARWARO - INCREASED DEFLECTION FROM' NEUTRAL INCREASES REVERSE SPEED.

T-I:ANCLF PIVOT LEFT - INCREASED DEFLECTION FROM NEUTRAL INCREASES LEFT STEERING ANGLE.

T-1:AtIDLE PIVOT RIGHT - INCREASED DEFLECTION FRO.M NEUTRAL INCREASES RIGHT STEERIr~G AIIGLl.

T-H,~NDLE DISPLACED REARWARD - REARWARD MOVEMENT INCREASES BRAKir-iG FORCE. FULL 3 IIKII
REARWARD APPLIES PARKING BRAKE. t'OVIrIG INTO BRIIKE
POSITION DI~ABLES THROTTLE CONTROL AT 15° MOVEMENT
REARWARD.

REVERSE INHIBIT SWITCH
(DOWN FOR REVERSE
INHIBIT)

..

FIGlIHl 1-11. HAND CDNTRDLLLH
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Speed Con tro 1

Forward movement of the hand controller about the T-handle throttle pivot axis
proportionately increases fOrllard speed. A neutral dead band exists for about
the fir~t 1.5 ~egrees of forward motion. A constant tOl'que 0' aboet 6 inch
pounds is required to move the hand controller beyond th" limit of the dead
band (figure 1-12). The nine degree position corresponds to a pulse duty
cycle of approximately 50 :,ercent, at each drive motor, i.e., the motors are
at 50 percent of maximum speed condition. The maximum power setting is
.1rhieved hy pivotinl the hand cO'ltroller to the hard stop (maximum; position
,It approxim,ltely 14 d~~rees, To decelerate, thl' hand controller is pivoted
I'earward, The torqlll's r~quirecl .Ire shown in fiQur~ 1-11. To place the vehi, Ie
ill nellll'al. the hand controller is pivoted rearward to the zerll (+ 1/2) doqre..
position. -

!;ith the reverse inhihit s.litch in the down position, the hand controller can
be pivoted forward only, thereby preventiog inadvertently placing the vehicle
in reverse.

To operate the vehicle in reverse, the reverse inhibit switch is placed in
the up position and the hand controller pivoted rearward about the throttle
pivot point. Torr,ue vs. displacement characteristics for reverse are identical
to fon'ard speed operation as shown by figure 1-12.

The vehi, Ie must be brought to a full stop before a direc~,ion chanqe is cllnJlI"nd.. <!,
Directitn chan'le i' automaticdlly inhibited at vehicle speeds qreater than
1 KPII.

The hand controller will remain in the ~,elected forward or reverse speed
position in tile crewmen IIhanlls off" condition.

1,3,5.2 Steering Control

Pivoting the hand controller left or right about the 1'011 pivot point pro
portionally ch''''!les the wheel steering angle. The steering control, like
lhe throttle control, hdS ,1 1/2 degree neutral dead band on either side of
:"1',', (See fi'lill" 1-13), II torque of 7 in-lbs. is required to roll the
h,lI1d clln t 1'0 lIe I' beyond the neu t ra 1 pos it i on to begi n s teeri ng anq 1e change.
Tnrq'!e required for increasing the displacement angle .,bout ~he roll pivot
point incr-eases I ine"rally lIntil a displacement of approximately g degrees
i, ,'e<1cher!. lit the g degree position, a soft stop is encountered which require,

<l .... Lell-funcLioll torque increase of 5 in-lbs. to pivot the hand controller fur-
lh.'I' outho,lrd lor increasing the steering angle. After passing thl, soft stop

------
Mission J Gas i c Ua te 12/4/70 Change Date 4/19/71 Page l-ill
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position, the torque 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.

1.3.5.3 Braking Control

Graking 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 Fiqure
1-1 /,. Fon,ard and reverse power is disabled when t.he brake is displaced
15 ~egrees.

A three inch rear>iard displacement of the hand controller engages and locks the
parking broke. To disengage the parking ~rake, 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 position. Contingency
brake release is effected by moving the brake to full rearward displacement,
pulling the release ring, allowing the brake to release and then releasing
the ring.

***lG Trainer Notes***

1. The lG Trainer hand controller operation (speed,
steering and brake) is identical to the LRV hand
controller operation, with the exception: If the
hand contro'llH 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 OCE logic to eliminate
voltage drop and thereby increase trainer top speed.

2. The lG Trainer brake cables can be adjusted to pro
vide simulated lunar surface stopping characteristics.

Mission J 12/4/70 Change Date 4/19/71 Page 1-23
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Drive Control Electronics

The Orive 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
n1so contained within the DCE. In addition, the Qrive Control Electronics accepLs
odon>eter signals from the traction drives and prnce"es the signals for odometer/
speedon>eter readout. 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 signal is constant voltage sig
nal (A) to the traction drive electronics logic which tells whether the Hand
Controller is on the forward or reverse side of neutral, and thus causes
relay action to control the direction of drive. The other signal (B) is from
the command potentiometers and is a variable voltage which reflects the amount
of speed desired. This latter signal is proportional to the position of the
Hand Controller and is fed to the Pulse Width Modulators (PWM) where the sig
nal is "chopped" into pulses whose width is proportional to the incoming
signal strength. The n:odulated signal (C) is then fed through the Drive Enable
switches (astronaut operated) for each Drive Motor whose function is to deter
lIIille whether the command signal for each drive motor is to be derived from
PWM #1 or PWM #2. The position of the PWM select switch -- astronaut operated -
allows disabling of a defective PWM if desired.

***lG Trainer Note***

The lG 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
ly PWM 2 is an integral part of Drive Controller
No.2 which powers only the two rear motors.

After the lIIodu1ated signal (C) has passed through the Drive Enable switch for
each traction drive, it enters a gating switch which serves several purposes.
Firo.,t, it inhibits drive power if the brake is on (U). Second, if drive
current becollles excessive, it inhibits drive power 'lOtil the current level
falls to an acceptable value (E). Third, it inhibits drive power momentarily
while the lIand Controller is being switched from forward to reverse or reverse
to forw,1rd (F). If none of these three inhibits is present, then the ~ate

I'dsseS the lIIodu1ated signal (C) on to the power switch'jng driver and the power
sl.itch, which produce the proper power levels for 1II0tor control (G).

The last step prior to application of power to the motor is selection of for
ward or reverse 1II0tor drive. This is accomplished by the reversing relay
and re1dY driver. The relay driver determines the position of the reversing
r"lays and is actuated by position of the Hand Controller (forward or reverse)

Mission __J__ Basic Date 12/4/70 Change Date 4/19/71 Page 1-25
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and a signal from the pulse generator (H) which indicates the power to the
drive motor has been inhibited and switching can take place. The condition
of the reversing relays determine thll direction of current through the motor
armature and thus the direction of rotation of the motor. The wheels are
driven through 80:1 ratio harmonic drive units as explained in paragraph 1.3.3.

Lach traction drive has a magnetic pickup for sensing th~ rotational IIKltion
of each wheel. This signal (I) is picked up as a series of pulses and trans
mitted back into the Traction Drive Control Module where it is properly pulse
shaped for use and then used for two purposes. One. it is fed (J) through d Guller
to the navigation subsystem for the odollleter. Two, it is fed (K) to a
"heel velocity sensing circuit which determines if the "heel velocity is greater
than 1 KPII. If it is, a signal (L) is sent to the traction drive electronics
logic to disallow switching from forward to reverse or reverse to forward until
"heel 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.

------J----------- ------------P-a-g-
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ELECTRICAL POWER SUBSYSTEM

The electrical power subsy~tem consists of two batteries, distributing wiring,
connectors, switches, circuit breakers and rreters for controlling and moni
torina electrical power.

1.4.1 Gatte,'ies

The LRV contains two primary silver zinc batteries (figure 1-16) each having
a nominal voltage of 36 (+5/-3) VUC and each having a capacity of 115 ampere
hours. Uoth batteries are nonnally used simultaneously on an approximate
equal load basis during LRV operation by selection of various load-to-bus
combinations through circuit breakers and switch settings on the control and
display console.

The batteries are located on the forward chassis enclosed by the thermal blanket
and <Just covers (figure 1-17). Battery No.1 (on the left side) is connected
tllermally to the navigation Signal Processing Unit (SPU), and serves as a
partial heat sink for the SPU. Battery No.2 (on the right side) is thermally
tied to ~Ile navigation Directional Gyro Unit (DGU) and serves as a heat sink
for the UGU.

rl", batteries dre illqalled in the LRV on the pad at KSC in an activated con
dition .1nu are monitoreu for voltage and temperature on the ground until
approximately T-Hl I,ours in the countdown. On the lunar surface, the batteries
are "'onitored for temperature, voltage, output current, and remaining ampere
hours. These displays are located on the control and uisplay panel.

Each battery is protected from excessive internal pressure by a pressure relief
valve thai is set tc open at 3.1 to 7 PSI differential pressure. The relief
valve closes when the differential pressure is below the valve's relief pressure.
Each battery is capable of carrying the entire LRV electrical loau, and the
circuitry is designed such that in the event one battery fails, the entire
electrical load can be switched to the remainin;: battery. LRV range capabi 1i ty
is shown in Appendix A.

***lG Trainer Notes***

1. lG Trainer "ses two rechargeable nickel cadmium batteries
haVing a voltage output of 34 VDC and a capacity of 24
ampere hnurs each. Goth ba t teri es mus t be used for 1G
Trainer operation.

t. IG T"ainer estimated operation tin,e before recharge for
a st't of bHterics (two batteries per set) is 63 minutes
on smooth level ground (800 pound payload confiauration
dnd 10 KPII). This estimate includes 19 minutes of stand
by time.

(Continued)

Jr1ission Basic Date _ 12/4/70 Change Date 4/19/71----
Page 1-28



LS006-002-2H
LU~k" ROV:~G VEHICLE
OPERATIONS HANDBOOK

• • \

-L ~

~~-j. -~• • • • • • • •

~ •

~I

1 I

1
•

~~
10.115

)
I
I

• • IUlIlf VAl. H

- ---t.. •. • • • • • • •
I .\I' 9.18

TOP
VIlW A-A

(TIIERI·IAL RADIATOR fliRRORS
IWT SHOWN)

I I-'--iIl-1 I
-<5- -4-

I I

I I
f-_-"-Ql_

I I

I
-Ql

I-.-I , ,.

\.
----

I· ·1
' .12

10.00

FI GU RE 1- 16 • LRV BATTLRY CONFIGURATION

M'~SlGn J Sa sic 00 te 12/4/70 Cnange Da te 4/19/71 )"9~ .1 :-29



LS006 -002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

DUST COVER

INSULATION BLANKET

BATTERY NO. 2

BATTERY NO. 1

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

3. The lG Trainer batteries are fan cooled when
internal temperatures rise above a preset
thermostatic switch value. The batteries are
not covered by a thurma1 bl anket.

1.4.2 Distribution and Monitoring System

The ulectrica1 distribution and monitoring schematics for the LRV are shown
in figures 1-13 and 1-19. Ti,e switch and circuit breaker arrangement is
designed to allow switching any electrical load to either battery.

Uuring normal LRV operation, the navigation system power remains on during
ti,e entire sortie. To conserve power for increased range, all mobility e1e
l11P.nts (i .e .• traction drives, steering motors. electronic controller, and
PWM power supplies) are turned off if a stop is to exceed S minutes duration.

***lG Trainer Note***

1.4.3

The lG Trainer has alternate provlslon for utilizing
an external power source by means of a rotary swi tch
selector (figure 8-3) and umbilical connector.

Caution and Warning System

Hefer to figure 1-20 for the caution and warning system schematic. The nor
m,'lly open temperature swi tches in the batteries and dri ve motors close on
increasing temperatures. When either battery reaches l2S"F or any drive
lIlotor reaches 400"F, the temperature switch closes, energizing the "OR" 10lJic
elen1P.nt and the driver. The driver then sends a 10 millisecond 36V pulse to
ti,e coil of the electromagnet whicll releases the magnetic hold on the indica till'
at the top of thl! console and a sprino loaded flao flips uo. The astronaut can
re~.et the 11ilg by pushing it down even though the cause has not been el.iminated.
The flag will not flip op again unless an overtemperature occurs on another
ba l te,"y 0" traction drive or' the initial overtemperature subsides and then re
occur~.

***lG Traioer Notes***

1. The 1G Trainer traction drive gear box thennal switches
will actuate the warning flag when gear box temperature
reaches 200°F. The gear box temperature readout is biased
so a rearling of cSO°F to oOO°F will exist when the thenna1
switl'h actuates.

2. The lG Trainer motor temperature switches are set to
actuate the flag when motor external case temperature
reaches 2?S"F. This temperature at the ca'.e would corre
spond to ,I rotor: elllJ.'erature of about 4S0"r.

r"ission J
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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)
VOC through a 7.5 ampere circuit breaker. Source impedance at the connector
is less than 0.4 ohms slllJnted by a 440 micro-farad capacitor. Prior to launch,
the LCRU power cable is attached to the auxiliary connector.

***lG Trainer Note***

The lG Trainer auxiliary connector is not
electrically functional.

Mission J. 12/4170 Change Date 4119f71 Page 1-35
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CONTROL AND DISPLAY CONSOLE

The Control and Display Console (figure 1-22) is separated into two main
functional parts: Navigation on the upper part of the panel and monitoring
and controls on the lower part of the panel. Refer to Table 1-1 for controls
and use. The Control and Display Panel is activated with a radioluminescent
material (Promethium) which provides visibility of displays even 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 (0) 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 lifted 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 reading is transmitted to ~~C for navigation
update computation.

1.5.2 Heading Indicator

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

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 power is reapplied to
the nl1Viglltioll system, however.

NOTE

Insufficient ~ata is available for bearing
computation unti 1 the LRV has moved about 50
meters from the point of nav initialization.
therefore. the display indication should be
disregarded until the vehicle is at least
50 meters from the point of nav initialization.

1. 5.4

Mission

Distance Indicator

NOTE

Operating the LRV in reverse will add to the
distance displayed on this instrument.

J ,
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(Contilluetl)

Thi~ instrument displays distance trav~led by the LRV in increments of 0.1
kilomet.er. This display is driven from the na',igation signal processi"g uni t
\'Ihicll receives its inputs from the third fastest tradiun drive odometer.
Total digital sc~le capacity is 99.9 km. In the event of pownr loss to tile
navi~lation ~ystem the distance indicator at time of pow::," .05S will remain
displayed.

1.5.5 Range I ndi cator

This instrument ~isplays the distance to the L~I, and is graduated in 0.1 kill
increments with a total digital scale capacity of 99.9 km. In the event of
power loss to the navigation system the range indicated at time of power loss
\'Ii 11 remain displayed.

I .5.6 Speed Indicator

NOTE

When the NAV POWER circuit breaker is
open, no speed indication will be attained.

The instrUillenl shows LRV velocity from 0 to 20 kill/hr. This display is driven
frOll1 the odometer pulses from the right rear wheel, through the SPU.

1.5.7 Sun Shadow Device

This device is used to determine the LRV heading with respect to the sun
az;muth. When deployed, the device casts a shadow on a graduated scale when
the vehiLle is facing away from tr.e sun. The point at which the shadow
intersects the sr.ale is transmitted by the crew to MCC for navigation update.
The scale length is 15 degrees either side of zero wit.h one degree divisions.
Tr.e sun shadO', device can be utilized at sun elevat.ion angles up to 75 degrees .

Mission .J
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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
outputs to the subsystem are: directioo (obtained from a directional gyro)
and dis~ance (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
pressing the SYSTEM RESET button, which
resets all digital displays and internal
registers to zero. Initialization is only
performed a t the s tart of each EVA.

IIlignment of the directional gyro is accomplished by measuring the pitch "nd roll
of tile 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.

The heading angle of the LRV is implicit in the output from the gyro, which
is generated by a three wire synchro transmitter. The headiny 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 fro,", the gyro.

NOTE

The odometer logic cannot distingllish between
forward and reverse wheel rotation. There
fore, reverse operation of the LRV adds to
the odome ter readi ng.

The>e ,lI'e fOllr 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 IfOtor controller circuitry and enter
the line receiver in the SPU. The odorreter pulses from the right rear wheel
enter the velocity processor for display on the LRV SPEED indicator.

Mission J 12/4/70 Change Da te 4/1 9/71 Page 1-42
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···lG Trainer Note···

The 1G 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 slip. 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 infOr1l1ation occurs if vehicle is operated
with more than one traction dri ve shut off.

The odometer logic sends outputs to the digital distance indicator in the
IPI and to the range/bearing processor in the SPU. Upon entering the range/
bearing processor. the outputs initiate selection, and conversion of heading,
sine and cosine to digital numbers.

The effect of conver~ion of heading, sine and cosine. at distance increments
is equivalent to entering (distance increment x sine heading) and (distance
increment x cosine heading) into the6E and6N registers of the digital part
of the bearing and range processor. The digital processor then adds the new
£:,. E and£:,. N numbers to the contents of the East (E) and North (N) accumul ators.
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 Nand E numbers to obtain range and
bearing, which are displayed on digital counters in the IPI. Each d·istance
increment from the odometer logic initiates the entire sequence described,
and re5ults in the updating of bearing and range.

Non

The hearing digital display is "lncked out" (i.e.
does not display updated readings) until the
vehicle is driven beyond a 50 neter radius of the
nav initialization point.

Mission J Basic Date 12/4/70 Change Date 4/19/71
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CREW STATION

The crew station consists of seats, footrests, inboard handholds, outboard
handho1ds. arm rest, floor panels. seat belts, fenders, and toeholds.

1 . 7. 1 Sea ts

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 lunar surface.
The seat back is used to support and restrain the PLSS from lateral motion
when tile CreW is positioned for LRV operation. Refer to Section 2 for seat
erection sequence. The seat bottom contains a cutout to allow access to the
PLSS flow control valves and includes provi~ions for vertical support of the
PLSS.

***lG Trainer Note·**

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

1.7.2 Footrests

For launch, the footrests (figure 1-281 are stowed aoainst the center chassis
floor and secured by two velcro straps. The footrests are deployed by the crew
on the lunar surface. The footrests are adjusted. before launch. to accom
modate specific crewmen.

1. 7.3 Inboard Handholds

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

1.7.4 Outboard Handholds
Outboard handho1ds are integral parts of the chassis (figure I-28i and are
lIse(~ to provide crew confort and stability when seated on the LRV and for
attachment of the seat belt.

1. 7.5 Arm Rest

The ., nil ,'es t (fi gure I -28) is us ed to support the arm of crewmen duri ng hand
controller manipulation.

Mission J
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FIGURE 1-2B CREW STATION COMPONENTS
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Seat Belts

NOTE

Before e9ress, the seat belt should be attached
to the inboard handhold for accessibility upon
ingress.

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. Belt length adjustment is provided by an
adjustment buckle. A stretch section of the belt permits normal fastening
and release.

1. 7.7 Fenders

The deployable portion of each fender (figure 1-211) is posi tioned by the
astronaut during LRV deployment on the lunar surface.

1 , 7. !l Toeholds

NOTE

Tile re are two toeho1ds, one on ei the r side of the veh i c1e. The toeho1dis
used to aid the crew in ingressing and egressing the LRV. The toehold is
formed by dismantlin9 the LRV/LM interface tripods and using the le9 pre
viously used as the tripod center member as the toehold. The tripod member
is inserted into the chassis receptacle to form the operational position of
the toehold.

1. 7.9

The toeholds are also used as tools to actuate the 'Nheel
decoupling mechanism to release the telescoping tubes and
saddle fitting on the forward chassis, and to.f:ee the,
steering decoupling rings from the stowed posltlon. Elther
toehold may be used for decoupling.

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
st.llding astronauts in lunar gravity.

***lG Trainer Note***

The 1G Trainer floor panels are flat plates in lieu
of beaded panels.

Mission J
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THERMAL CONTROL

LRV Thenl1al Control

Thennal control systems are incorporated into the LRV to maintain temperature
sens i t i ve componen ts with in the appropri ate tempe ra ture 1i mi ts duri ng the
translunar phase of a mission, during operation on the lunar surface, and
during periods of inoperation on the lunar surface. Thennal control systems
consist of special surface finishes, multilayer insulation, space radiators,
second surface mirrors, thennal straps, and fusible mass heat sinks (figure
1-31 ).

***lG Trainer Note***

1 .8.2

Thennal control for the lG Trainer is described
in paragraph 1.B.5.

Forward Chassis Thermal Control

The basic concept of thennal control for forward chassis components is energy
storage during operation with subsequent energy transfer to deep space while
the vehicle is parked between sorties. Ouring operation heat enerQV released
in the Drive Control Electronics (DCE) is stored in the DCE and the DCE then"al
control unit (fiQure 1-32). Heat energy released in the Signal Processing Unit
(srU) is stored in the ~PU, the SPU· thermal control unit (a fusible mass device)
and Battery No.1. The SPU is thennally connected to eattery No. 1 by means of
the SPU thermal strap (figure 1-33). Heat energy released in the Dircctional Gyro
Unit (OGU) is stored in the DGU and Battery No.2 by lOCans of the DGU therm.al strap.
Space radiators are mounted on the top of the SPU, DCE, Battery 1 and Battery 2
(figure 1-34). Fused silica second surface mirrors are bonded to the radiators
to minimize the solar energy absorbed by an exposed radiator, and to minimize
the degradatiun 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 the lunar sur-
face dust by three dust covers (figure 1-31). The first dust cover protects
the radiators on Battery No: 1 and the DCE. The second dust cover protects the
sru radiator. The third dust cover protects the radiator on Battery No.2.
These dust COVl'rs are opened manually at the end of the sortie, an over center
latch (figure 1-35), holds the dust covers open until battery tefTlleratures
.'pach 45°F (+ 5°F), at which time a bimetallic device disengages the overcetlter
latch ,11 lowing the dust covers to close, The SPU dust cover is slaved to
the n"ttery No. I dust cover.

In addition to the dust covers, a multi-layer insulation bl,.nket (figure 1-36)
is provided to protect the forward chassis components from the space envi ron
lI ... nt and the lunar surface environment. 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 aod tear and direct solar or hot
gas heat loads.

Mission J~ Basic Date 12/4/70 Change Date 4/19/71 Page 1-54
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DRIVE CONTROL ELECTRONICS
liND THERMAL CONTROL UNIT

,SPACE RADIATOR

GYRO
(oGU)

IrISULATION eLANKET

GYRO THERMAL STRAP

DUST COVER

BATTE RY NO. 1
SPU FUSIBLE MASS &THERMAL STRAP

SIGNAL PROCESSING UNIT
(SPU) (OUST COVER NOT SHOWN)

BATTERY NO, 2
OUST COVER,BATTERY NO. 2

FIGURE 1-31 THERMAL CONTROL PROVISIONS (FORWARD CHASSIS)
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(Continued)

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

1.8.3 Control and Display Console

All lnstrurnents on the Control and Display Console are mounted to dn alwninlHil
I.'late which is isolated by radiation shields "nd nber91ass mounts. The
external surfaces of the C&D console are coatpd with thermal control podnt
(Dow-Corning 92-007), and the face plate is Illijck anodized and is isolated
from the instrument mounting piate.

1. 8.4 Center Chassis

Handholds, footrests, tubular sections of seats and center and aft floor
'pane1s are anodized.

1. 8. 5 lG Trainer Thermal Control

Whereas the LRV Flight Unit utilizes radiation to effect thermal control,
the 1G Trainer relies primarily on convection to the atmospheric surroundings.
The following lG Trainer elements are cooled by a thermostatically controlled
fan blower: 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 predeterndn~d value, thereby
applyin9 battery voHage to a fan motor. When the temperature of the thermo
stat falls below a predetermined '/dlue, the switch opens, thereby shutting the
fan motor off. Cooling fan motors and instrumentation warning thermostats arp
set as noted in Table 1-2.

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 ,Hldi t.ion to protective cooling, thermal instrumentation display at the
CW i'; provided for the traction drives and batteries. The display takes the
lonn either of a discrete w.trrdng by a warning flag {activated by a thenlostati
n,- "n analog temperature display, (as sellsed by a thermistor). Warnillg flag
t.hpnnostats are located on the external motor case of each traction drive
motnr, 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

Mission J Basic Date----
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~OOLlNG FAN MOTOR JHERMOSTATS SET AT:

~_b Assembly

Traction Drive Motor (4 units)

Electronics Assembly (1 uni t)

Battery (2 units)

Motor Controller Assembly (2 units)

Display &Control Console (1 unit)

Navigation SPU

Navigation DGU

WIIRNING FLAG T1IERMOSTIITS SET liT:. _.. -- ----------- -

S!J.b. J\.sse~I~'!y

Traction Drive Motor (4 units)

Traction Drive Gear Reducer (4 units)

Battery (2 units)

Close On Open On
Rise Temp Fall Temp

160 + 10°F 140 + 10°F- -

100 + 5°F 85 + 5°F
- -

100 + 5 of 85 + 5°F-
100 + 5°F C5 + 5°F

-

120 + 3°F 114 + 3°F
-

120 + 3°F 114 + 3°F- -
150 + 5°F 140 + 5°F-

Close On Open On
Rise Temp, ~Temp

2£5 + 5°F 175 + 10°F-
200 + 5°F 150 + 10°F-

160 + 5°F 120 + 5°F- -

ANALOG DI~.PLAY THERMISTORS RESISTANCE VALUES ARE:

Traction Drive Motor (4 units) Thermistur

Battery (2 units) Thcnnistor

3750 ohms + 10% @ CO°F
315 ohms + 20% @ 225°F

553 ohms + 5'" l" 80°F
640 ohms + 51. l" 160"F

TIlilLE 1·2 lG TRAINER THERMAL CONTROL DEVICE SET POINTS
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(Continued)

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 abnonnally high temperature, i.e., the drive
motor associated with the hot gear reducer has a nonna1 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. Thennistors located
in each assembly are monitored by a bridge circuit in the O&C console and the
output of the bridge drives the display meters, which are calibrated in degrees
Fahrenheit.. By interrogating the temperature display meters, an overtemperature
condition can be isolated to the specific subassembly and corrective action
initiated. HIe nominal resistance values associated with both an ambient
temperature and a "hot" temperature for these thermistors is noted in Table i -2.
It should be noted that only the battery readout 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 o f.
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SPACE SUPPORT EQUIPMENT (SSE)

The Space Support Equipment (SSE) consists of two basic subsystems of hard
\Vare, 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 durin9 launch boost, earth-lunar transit and landing, The
function of the deployment hardware subsystem is to deploy the LRV from the
LM to the lunar surface after landin9.

I .9. I Structural Support Description

The structural support subsystem by which the LHV is attached to th'~ LM in
cludes two steel support spools at the lower (left and ri9ht) sides of the L~I

quadrant, The spools are bol ted to Grumman Aircraft Corporation (GAC) attach
fittin9s, Aluminum tube tripod structures attoched to the LRV center chassis
tenninate in apex fittings which steel are pinned t.oqether and clamped to the
spools to support the LRV. n,e LRV is restrained against olltbo~rd rotation by
aI' alundnurr strut in the llpper center of the LM, connecting the inboard quad
rant co.'ner structure to an LRV center chas~is standoff with a pin,

I .9.2 Deployment Hardware Descri pti on

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 sprin9, deployrrent cable, telescopic tubes, chassis latches, release
pin mechanisms, and LRV rotation support points.

1.9.3 Deployment Mechanism Operations

Phase

Phase II

The LRV is attached to the SSf. and deployment mechanism and held in position
in the U1 Qlladrant as shown in figure 1-38. The deployment of the LHV from the
L~l to the lunar surface consists of five basic steps or phases:

- Deployrrent from the stowed position of both braked reel separating
tapes and the deployrrent cable (figure 1-39, inset ® )

- Operating the D-Handle to disconnect th,~LRV from the structural
support subsystem (figure 1-39, inset ~ ).

Phase II I - Operating the dOllble braked reel to unfold the LHV and lower the
aft chass!~wheels to the lunar surface (figure 1-39, insets ©
© and ® ).
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FIGURE 1-37 SPACE SUPPORT EQUIPMENT
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LRV TRIPOD
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FIGURE 1-38 LM/SSE WITH LRV INSTALLED
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@
e LRV STOWED IN QUADRANT
e ASTRONAUT REMOVES INSULATION

BLANKET, OPERATING TAPES
e ASTRONAUT REMOTELY INITIATES

AND EXECUTES DEPLOYMENT

-
T

e AFT CHASSIS UNFOLDS
eREAR WHEELS UNFOLD
e AFT CHASS IS LOCKS IN

POSITION

®
e FORWARD CHASS IS LOCKS

IN POSITION. ASTRONAUT
LOWERS LRV TO SURFACE
WITII SECOND LEVEL

FIGURE 1-39

®
eASTRONAUT LOWERS LRV

FROM STORAGE BAY WITH
FIRST REEL

e FORWARD CHASSIS UNFOLDS
e FRONT WHEELS UNFOLD

®
eASTRONAUT DISCONNECTS SSE
eASTRONAUT UNFOLDS SEATS,

FOOTRESTS, (FINAL STOP)

LRV DEPLOYMENT SEQUENCE
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1.9.3 (Continued)

Phase IV - Operating the tenter braked reel to lower the forward chassis
wheels to the lunar surface (figure 1-39, inset ~ I.

Pilase V - Oisconnecting the "SE from the LRV after all four wheels are on
the surface (figure 1-39, inset CD ).

1.9.3.1 Phase I Ueployment Description

This phase consists of visual inspection, removal of insulation blanket (figu,-e
1-40l.11eployment of the two hraked rerl operatin9 ~.apes and the deployment cablE
from their stowed position. The double braked reel operatina tape is stowed
in a nylon bag attached to the lower, right support arm by velcro tape. The
center braked reel operating tape is stowed on the left side of the LRV center
chassis by velcro tape in a nylon bag attached to the lower left support arm
by velcro tape (figure 1-41). The deployment cable is stowed on the left side
of the LRV center chassis by teflon clips. The deployment cable is used to assist
deployment of the LRV in the eventuality that the LRV stops during any phase of
the deployment.

1 .9.3.2 Phase II Deployment Oescription

At the cOlllpletion of Phase I, the astronaut actuates the D-hand1e, which is
located on the right side of the porch (figure 1-42). The first 5 to 6 inches
of travel of the D-handle removes the two lower re1"ase pins (figure 1-43)
out of the apex fittings, releasing the lower half of the apex fittings,
allOl<ing it to fall away immediately or during deployment rotation. The apex
fittings are now configured to lift 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. The
slack is due to cable tensioner springs in the cables.

1.9.3.3 Phase III Deployment Description

The LRV is now released from the LM and is ready to be deployed to the lunar
surface. During the ~ntire Phase III operations, the astronaut operates the
dOllble braked reel operating tape. The braked reel (figure 1··44) is a worm
and worm gear arrangement. When the operati ng tape is pulled, the cable
storage drulII is rotated, thus releasing (feeding off) cable from the drum.
Tile cable is attached to the LRV center chassis and, as the LRV rotates out
bo.trd dl,e to ~ravity, supports the LRV. As the drum is rotated, feedin~ out
cable, the LRV is allowed to rotate and deploy. For the first 15° of rotation,
the LRV rotates on the apex fittings. At 15° rotation, the walking hing.. is
pngagE'd tty the LRV and the point of rotation shifts from the apex fittings to the
walkin~ hinge, at which point the apex fitting lifts off of t.he spools. The
deployment cable mayor may not be required at this time, depending on the lande~

altitllde of the LM.

Mission J Basic Date 12/4/70 Change Date 4/19/71_--:=-.-
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NOTE: DOUBL E BRAKED RE EL
DEPLOYMENT TAPE SIMILAR
TO CENTER "BRAKED REEL
TAPE BUT STOWED ON

CENTER BRAKED REEL RIGHT SIDE OF VEHICLE
DEPLOYMENT TAPE

OUTER BRAKED
REEL CABLE AND
RELEASE PIN

DEPLDY~IENT

CABLE
SUPPOR~ ARM

PULL TABS -,-----

BAG
TYPI CAL
2 PLACES

L-- BRAKED REEL DIPLOYMENT
TAPE (2 PLACES)

LRV STOWED IN
LM QUADRANT I

FIGURE 1-41 LRV DEPLOYMENT TAPES AND CABLES
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BOEING GAC
INT ER FACE

PULLEY

D-HANDLE ___
BELL CRANK

_rLP:P-PIN (INSTALLED)

---(f:---- j RETAINER

"'~ _ LOCK-CABLE

DEPLOY~
CABLE

'r
I

DEPLOYMENT
CABLE

~\
\

LOCK
CABLE

o HANDLE

PORCH

PIP
PIN

Pa'1e 1-7\4/19/71Chan~e Ua te12/4/70
- ----------------

D-HANDLE RELEASE SYSTEM
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FIGliRE 1-42
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.. GRUMMAN "0" HANDLE LINKAGE

APEX
FiniNG

r~ RIGID LINKAGE
Jf PU LLED IN 0I RECTI ON

SHOWN ~y D-HANDLE

LRV
TRIPOD

~- SSE RELEASE
IJC:>.........

PIN

~~~ LowER RELEASE PIN~

IIGlll:1. 1-43 LRV/SSL SUPPORT STRUCTURE AND RELEASE SYSTEM
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The LRV continues to rotate about the walking hinge. At 35° rotation, the
lnwer telescopic tubes ratchets are engaged, preventing any reverse rotatiol!
01 the telescopic tube assembly about its lower pivot points. The telescopic
tube assembly consists of a pair of three telescoped aluminum tubes, hi,yed
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 S0C

tion of the forward chassis, held by two dowel pins and a ball-lock pin clevis
joint. The saddle carries the pulleys, cables and pin mechanisms whereby
the forward and aft LRV chassis are unlocked from the stowed (folded) LRV posi
tion. As the LRV moves outboard, the 45° cable tightens, and rotates each
with a steel cable and ball-lock pin. The two ball-lock pins lock the con
nection between forward and aft chassis to the console post mounted on the
center chassis (figure 1-45). 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 to
the pins themselves is 5 to 1).

The telescopic tubes and forward chassis stops at 45° due to the 45° cable
(chassis latch actuating cable) becoming taut, then by counteracting forces
of the LRV forward chassis hinge torsion spring, the telescopic tubes and
forward chassis return to the 35° position (stop due to the telescopic tuhe
r_tchet). The center chassis and aft chassis continue to deploy. After it
is unlocked, the aft chassis fully deploys (unfolds) due to the aft chassis
hin~e torque bars, until it latches with the center chassis.

rhe "ire mesh LRV wheels are held in the stowed position by four aluminum
tube struts. One end of e,1ch 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 "heel hub by a pin (in the hub). The pins in the chassis are pulled hy
a steel cable, so linked as to pull the pins as the chassis opens, approximately
170°. When the pins are pulled, the spring-loaded wheels move to deployed 01'

operational position. As the wheels rotate forward to the deployed position,
a mechanism within the wheel hub retracts the remaining pin retaining the
wher:l strut. The strut is thus freed at both ends, and falls free during wheel
deploy"",nt movelT'ent. Each slrut is reta"ined by a 1/8 inch diameter mYlar tether.

The LRV center/aft chassis continues outboard rotation, pivoting around the
lOl,er support arm latch. During LRV outboard rotation, the telescopic tubes
extend (lengthen). Before 72° LRV rotation an anti-collapse telescopic tube
1.1tch in each tube engages to prevent shortening (but permit elongation) of
the tubes.

1\1. "l'l'roxilllJtely 73" center chassis angle, the lobe (calli) on the forward
sitl"s of the center chassis strut (engaged in the lower support arm latch)
q"ikes Ihe steel latch lad arm. I\s the chassis rotates, the cam forces
till' 1.1tcl' lock artll dOl'" out of a safety retaining spring, and unlocks the
'''I.eh. The center/aft chassis continues to rotate until the aft chassis wheels

Mi 55; on J
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FWD CHASSIS RELEASE PIN

P2 SADDLE RELEASE PIN

----·-·=n=~==

FWD CHASSIS

AF1 CH AS SI S:;-;--1h,~,.......d!C-:~"
LA1CH RELEASE
PIN

FWD CHASSIS
LAlCI1 RELEASE
PIN

lELEKOPIC lUBES All ACHMENl

SADDLE

4S· CABLE
(CENTER BRAHD REELI

rlGlIllL 1-45 LRV SADDLE AND FORWARD CHASSIS LATCH RELEASE
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FWD CHASSIS RELEASE PIN

WHEEL
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RELEA5E
PIN

~FWD CHAS515

PIN COHTINGEHCY
CABLE RELEA5E PIN

AFT
CHAS51S
RELEASE
PIN

cmHINGENCY
CABLE gWHEEL LOCK ST RUTj TETHER
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AFT ---
CHAS51S I )" .
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ROTATIO OF FWD/AFT CHASSIS

~

I
WHEEL STRUT RELEASE PIN

_ / FWD,AFT CHASSIS

l"~__ [~ '~
------

\\--- -== -->:0__

CABLE WRAPS
AROUND FITTING
GETTING TIGHT
AND PULLING WHEEL
LOCK STRUT RELEASE
PIN AS FWD OR AFT
CHASSIS ROT Ares
DURING UNFOLDING

CNTR CHASSIS

FWD HINGE
LINE

REACTOR FITTING
FOR TORSION SPRING

FIGUIlE 1-47 WHEEL LOCK STRUT RELEASE
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are on the surface. The wheels are locked with the emergency hand brake,
therefore must slide on the surface. Depending on the landing attitude of
the LM and the condition 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 the double braked reel
operating cable to allow the forward chassis hinge to deploy by virtue of
the forward chassis hinge torsion spring. Concurrently, the center/aft
chassis move outboard, away from the LM. At this point in the sequence,
the 45° cable becomes taut due to the outboard movement of the entire LRV.
The center cha'sis continues to move down and, driven by the forward chassis
spri ngs, outboard. As the ang1 e between forward and center chass i s 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 sur
face, with forward and aft chassis locked to the center chassis, all wheels
deployed, all four wheel struts free and hanging from their tethers, the
oute r braked ree 1 cables released, and with the forwa rd chass i s held up by
the telescopic tube assembly and the 45° cable.

1. g. 3.4 Phase IV Deployn~nt Description

This phase of the deployment consists of the astronaut actuating the center
braked reel operating tape, thus allowing the forward chassis to lower and
the forward chassis 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 . g. 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. This operation 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
aft chassis.
lock struts.
is complete.

Mi ss ion

then pulls a ball lock pin, located on
This releases the deployment cable and
lit this point. the deployn~nt from the

J

the a ft center 0 f the
the aft chassis wheel
LM to the lunar surface
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SECTION 2

NORMAL PROCEDURES

INTRODUCTI ON

This section defines the normal procedures to be followed by the astronauts
for operating the LRV on the lunar surface and the lG Trainer during earth
training operations.

*** lG TRAINER NOTE ***

The procedures contained in this section
also apply to lG T,'ainer operation with the
exception of oep10yment operations, defined
in 2.1. When performing training per para
graph 2.1 all steps can be perfonlled except
those dea 1iny with pull i ng the LM D-ri ngs ,
inspecting hinge pins, and deploying the
inboard handhol,ls.

Gasic Date 12/4/70 Cnanqe Date 4/19/71 J"ge 2-1
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NOTE: DOUBLE BRAKED REEL
DEPLOYMENT TAPE SIMILAR
TO CENTER BRAKED REEL
TAPE BUT STOWED ON
RIGHT SIDE OF VEHICLE

CENTER BRAKED REEL
" DEPLOYMENT TAPE

OUTER BRAKED
REEL CABLE AND
RELEASE PIN

DEPLon1ENT
CABLE

PULL TABS ~_.

BAG
TYPICAL
2 PLACES

LRV STOWED IN
LM QUADRANT I
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LRV STOWAGE
AREA

FIGURE 2-4 CREWMAN POSITIONED TO DEPLOY LRV
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Crewman ooerating deployment
cable shollld keep slack out of
dDuble braked reel cables.

PROCEDURE

Grasp deployment cable and mon'tor deple'yment

(CO" t; nI,ed)

Lescend L~ lidder.
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r. Oteer e>ewm"n r;ulls doubh cl'aked reel tape at r'ght side of vehi
cle. Verify LRV rotates outwurd from U~ (Figure 2-5, View C).

nOTE: Crewman should remain hithin defined envelopes for derloy
ICen t i.ape r,pe ra t i 011 (F i <; ure 2- 3) to ens ure tha t dep1oymen t
tapes do not cont~ct sensitive LM conponents.

n. Continue to pull double braked reel tape (fisure 2-5, View C).
When vehicle rotates outboard to about 45 degree:;, verify that:

(;) Aft chassis unfolds and locks in position.
(2) Rear wheels unfold and tethered real wheel struts fall free.
(3) Forward chassis ;s -eleased ~rom cons01e post and returns to

35 degree position.

NOTE: If either aft or forward chassis latch pins fail to pull
a~tomaticnlly, deployment cable may be pulled to accom
plish pin release.

FGr first 15 degrees of rota
t~on LRV rotates on apex fit
tin~s. thereafter apex fittings
lift off spnols and rotatio"
point shifts to walklng hinge.
Lower telescopic tubes rotchet
engage at 35 degrees rotation.

At about 45 degrees the 45°
cable tightens, pulling the
forward and aft chassis latch
pins at the console post mount
011 the center chass i ~. Thr,
aft chassis and wheels fully
deploy and the forward r.hassis
returns ~o the 35° position.
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o. Continue to pull double braked reel tape (Figure 2-5, View D).
Verify that:

(;) Center/aft chaseis rotates until rear wheels contact lunar
surface.

(l) Rear wh.:els slide on surface permitting center/aft chassis
to move away from U·:.·

A: about 73 degrees, the cam on
forward sides of center cha~sis

strikes latch lock arm, .
forces aIm Jmm cut of rctaln
inc, spring and unlock~ latch.
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• LIN STOWEO IN QUIIDllANT
• r.sTlWNIIUT REMOVES INSULATION
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DEPLOYMENT
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®
• ASTRONAUT LUWERS LRV
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DOUBLE BRAKED
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GdS1C :.Jute

® ®
• FORWARD CHASSIS LOCKS • ASTRONAUT DISCONNECTS SSE

IN POSITION. ASTRONIIUT • ASTRONAUT UNFOLDS SEATS,
LOWERS LRV TO SURFACE FOOTRESTS, (FIN~_L STOP)
WITil CENTFR IlRAKED REEL

FIGURE 2-5 LRV UEPLOYMENT SEQUENCE
---_---:-- --- --- ---

CLNTCR
IlRIIKE 0 REEL
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2.1 (Cortinced)

PK'JCEDURE REi:"R(S

p. Continue t:l :luli double braked reel tap!' (Fi~ure 2-5, Vie"1 D).
Vf;'rif:1 tha':

q. Release ';ouble braked reel ta~e and at chassis RR grasp outer
b-aked reel cable in right hand and remove cable pin P8 (Figure
2-6) with left hand.
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n

c
c
~rn
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n
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'""'"rt
0

I r.

'"~rn S.

A t......-
'".......... U •
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'"''"r.
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o

rWTE: If ","eels fail to slide. deo;oymEnt cable mal bE' pulled
tu :ermit center/aft chassis to move a>lay from L14.

(.) Forward chassis continues to unfold aDd ~ocks in position.
(2:: Forward >lheels unfold.
(3) Outer braker, ree: cables a"e SIECk.
(4) 45' cable again become< t~ut.

Discard cable and p'n outside work area.

At chassis LR grasp Gute- braked reel cable in left hand and
remove cable pin Pl.

Discard cable an,! pin Gutside work area.

Pu~l center braked reel tape (F'g',ro: 2-5. View E). Verify that
fOrl;a"d ch..,ssis h'wer; ur~til all wheels con:act ltnar surface and
support vehicle >leight and 4S c cable is slack.

NeTE: If ,~.els fall to slide, deploympnt cablE may te pulled
to move LRV a",a,' f"om U4.

Forward ",heel lock strut pins
relea~.e "nd fon,ard >lnee's de
ploy as the angle betwer,n the
fOrllard and center chas~.is

approaches 170 degrees. (The
45 de"ree cable again ber.orre,
tout) .

At this time the fOrl;ard and
aft chassis sections are de
pluyed and locked to the center
chassis. All wheels are de
ployed. Thp. fonlard chassis
i, held up b:' the telescopic
tul"e iissembly and the "5 degree
cable.

Figure 2-6.

This ta: e "'as previously
stOl'led Over a U~ land'ng strJt
f(,r convenient tccess .

Using dcQloyment cable to ""11
the LR~. w~tli p2rking bra~e

0'."c...
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>'"....- '"00
::z<
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0"
",,'-,.,



LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANOBOOK

REAR STEERING
OECOlJPLI NG PULL
RI~G

CONTROL AND
DISPLAY CONSOLE

UUT ION/WARN HlG FLAG--
LATCH (REMOVE ANO DISCARD
AF1ER LRV OEPLOYMENT).

LUC K PIN S--------.
WARNING FLAG
(LUC~ PIN REMOVED
AND DISCARDED ArTER
DEPLOYMENT)

OELATCH
FITTING
RELEASE
PIN

P15

]!r\l>
1. ft.'4 I~•r '

I CONTINGENCY
DEPLOYMENT
CABLE RELEASE

P 14

AFT
HINGE
LATCHES

~ U" lr
I \\ //

\\ /A'
PI I, J'r - 1
~_... ?

OUTER BRAKED REEL
CABLE RELEASE PIN
(TWO PLACES, 1'1 AND PC)

RiNG LOCATIONS (SHEET 1 OF 2)

FORWARD STEERING
UECOUPLI NG PULL
RING

DEPLOYMENT HARDWARE .~ND STEERINCFIGurlE ,·6 LRV

.•~~~~
FRON~Pl
HINGE
LATCHES

\, i[! V l:3._1 ~\
.~ Il' P6 \:\\~~~, ;.: 1'4 "\~..y;..,,, 0> PS

/

,'1 .~ , , "\'
) LlFT TOEHOLD

DEPLOYABLE FENDER POSITION
SECTiON
<TYPICAL·' PLACES)

SAUl ILL

[I:
TELESCOPING
RODS

r~ission J__ Basic Oate 12/4/70 Change Date 4/19/71 Page~



LS006-002-2H
LU~AR ROVING VEHICLl

OPERATIONS IIANDROOK

NOTE: LEFT SIDE TRIPOLI
ASSEMBLY SIIOWN. RIGlll
SlOE PULL PIN NUMBERS
SHOWN IN PARENTHESIS

SIIl1Rf TRI POD ~
fUIIlLR (TOEIIOLU)

TRIPOD
APEX

(P9)
CENTER CHASSIS

STRUTS

PLAN VIEW

SIDE VIEW

QUICK RELEASE PINS

Po (Pll)

P5 (Pll)

rlGLJRE 2-6 LRV DEPLOYMENT HARDWARE LOCATIONS (SHEET 2 OF 2)

Basic ~ote
12/4/70 Cnange Oate _.-:.;4/~1..:9.:../.:..7:....1__ '"ge ~12
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STA/STEP ;=.:o:iGPE REI:J\RKS

n
~

"-

".co
~

I y.
0

'"~
" Z.

aa. Discard tripod ~ain ~erbers 2nd pin clear of deployment area.

at-. Grasp remaining short tripod rocmber in right hand, remove pin P12
with left hand, an~ discard pin clear of deployment area.

Deploy RF fender ext£nsion.

Verify both hinge pins flush at RF hinge.

0..
"Oc
""02'" ,..
""'..--< (/0
-"'0
000
02<",
(/0_,

76
:I: ""'0,. '"02<,0,..,,,,
~~ :::
0""" ..-,..,

It hinge pir is not flush, tap
pon with toehold subsequen:ly
removed in step abo Verify
pin os latched by pressing
down on chassis.

Figure 2-6.

F'gure 2-6. When pin P14 is
pulled, deployment cable and
rear wheel tethers fall free
of vehicle. When pin P15 io
p,.lled, delatch fitting will
either fall to surface or be
retained in pinless fitting.
If retained, pull fitting free
at clevis and discard fitting.

engaged and wheel stru:s
tethered, should be ke~t to a
mi ni mum.

remove coble release pin P14 and chassis
DiSCord cable and deployment hardware

(Continued;

Remove pin" pg ard P10 from right tripod and discard clear of
deployment area.

Grasp tripod apex VlHh right fand and remOve pin Pll with left
hand .

Coil deploy,,",n'~ cable and
dElatch fitting pin PlS.
outside of Vlork area.

x.

w.

v.

2. 1
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2. I (Continued)

PKuCEIJURE ~ol'';Rr:S

<...

C">

'"'"
n

o
c
~

'"

ar:. Fe-;:"J': Sflo't tripod member und insert tri~oc rel'ibE:r in righ-:
t,e'olc ;osition Cr stcw in t1nderseat stol'lage beg.

ad. Pcll right 100trest lift tabs.

Rotate footrest upwa·-d and fOrY!ard and lc'ck into position.

RElease velcro tiedown strap (if np.cessary:, pullout right C/D
cnnsole "T" handle Pi3 ~ith left hand and turn gO' CWo

Relecsc r;ght ,eat belt from stowage position and stow in tempor
a'-y location.

Rotate right seat to stable overccnter pcsition.

Rotate legs tD full upright position.

Attach forward seat legs velcro strap to outboard handhold.

Verify underseat stowage bag erects.

Pull seat p,1n frame forward to enga~e front legs.

If short tripod meffiber is in·
stalled in ;oehold position,
er:d \'Ii th hook sheul d be out
board witn hook pointing for
w~rd. This is al!o used as
wheel decoupl ins tool.

Figure 2-7. Tabs pull free of
footrests but remain attached
to the floor panel.

Figure 2-8.

F-,gure 2-9.

0'
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"'"""',-i U,-"'0aOe
Z <' '"In ••70
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Verify all seJt latches latched.

Verify both hinge p'ns flush ,It RR hinge.

I~ 1________ _ _
...

If I,inge pin is noc flusn, tap
pin wit' toenold. Verif, ~'r,

is 1atcned by Dr2~s~n. Gc~r :~

Cl!.l..SS1 s ~ _



LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANOBOOK

VELCRO

STRAP PERr'A
NENTLY ATTACIIEO
TO FLOOR PANEL

LIFT TABS
(2 TABS EACH)__~STOWED POSITIO~~

:~±:==- -
STRAP

SIDE VIEW

FIGURE 2-7 FOOT REST DEPLOYMENT

Basic Dote 12/4/70 Cnange Oate _-"4/~1~9:../.:..71.:...._:'uge S:]5



LS006-002-ZH
LUNAR ROVING VElIICLL
Orll~ATIONS IIANOnOOK

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

VLLCRO STRAP TO
1I0LO T-HANDLE FLUSH
WI TH CONSOLE BOX

DEPLOniENT LATCH P7.
LATCH P13 OPPOSITE SIDE

INBOARU ARMRES T

HAND CONTROLLER-I
I

I
I

,
;' ;'

/ /, /

LEFT SlUE VIEW

h; IRAINLH INllOAIll1 IIANlJlIllLU LANtlUT UL IOllJllllltJWN 10
~IMOI.All rRl-IlLrllIYI1INT POSITIUN DUE III CAIJLE RUNS
FRII'1 I OIN1Ll .

FIGURE 2-B CONTROL AND DISPLAY CONSOLE DEPLOYMENT
-------- - -- - -------

GdS1C Jute _-,-'..:.(:.../4...:/_7_0_ CndnQe Ddte __4.:..:/...:1.:.9/:..7:..:1~_>uge~6



LS006-002-2H
LUIIAR ROVING VEHICLE

OPERATIONS HANDBOOK

R£Io~V[ SEAT BFLT TO
TEMPORARY STOWAr.l
lOCAlION. ~TIIW

INnOfIRO IIMIIIIO! n III r"wl
SIRM' RY AITAr.IIINf; 11111 t·
TO nRIr.INM "IOWl\r;1
VII (RO.

VElCRO SIRAP IIOU)\
(,,£AI IN Uf'RIGItT I
POSITION TO SEAT .
BACK

RnUH ~['" In
filII III', rn~"fnN
ANn RIIIII,.,

--' T ._'!!=,;=__ .L.

• 01 ~

o

V[LCRfl STRAP '"
rllONT EDGE or qAT
IS ONLY rOR IInLnINr;
SEAT PANEl IN fUll ur
POSITION.

- ._-::>.r---~¢:

- t" 'f,::-(i =r,:.:=r.
~~~~I I II,'
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u I I J"

1'111 II'r
I I I, I,
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I! I I I, I ,I II
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I,
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"
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1'lRflllPn Hl\.lIrlliOlO
1 rrnOlltl "'PAP

=n.,.,...... ..,.----

~
1~

" 'A~! '
-J ~I,

, I, I :1'
~ I :. I:! t

, r
~ ~~2 '"

V11 w 1
'illli SHlWlO

t 11 sun Sllnlo/N. RH
'\f /II 10; I'lIPI:(lR IMIlr.1
11rrrt II [~Ir" NOl
11111,'1 ItlRnllRIl III\H~lOln

II£OOWH STPAP

r.RII"I'
rlnrAIIOH

~
t;IU\<,r<.;llI,l

M~p 1111 Il, =" -. 1 ,~. I"
_ \....ll".',n-- n~._

or' 110 _-L~ .

_.. -_._--'-'---

S(AT SNArs TO fOPWARO llr.~

AS SOON A~ CONTACT I" MAnl
(SlAT I AICII[S)

INOOARO IlANOIlm n
T1(OOWJII STAAl' (lll 51111)

vII w ~

1151 S5 S'OWAC,l
~TR"" (PH 5[111)

- /. -r, ,.-'-

CAAsP "" Ar.AI~'&
ROTATr SlAt OOWNW~RO

./
",... / ,

, I
I ;

VII W •

l,rll\\r I WIl II r,,,
I HP<;<; I'll Mnlll:
fIN 11 1111
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\IQUIIfCI l~ ~W 101 10TH
~IYlIl; • '''H£lI;U ~UH,.

Ilfl !>l'" 1\ !>H(Ml.
.,;:;U: ~Ul h "1.1tI:Nl I~.

vtlf.RO "IRM' ON
1I1RWMO $1 AI lrr.
IA"TtN5 TO OUlnOARD
IIAHlllOlO VllrRO 10
R[lI\lN llr.S IIPRlrJIT

fiGURE 2-9
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c lac. De:l(~ RR fender extension., i
~

laG.~ DeDloy LR fender extoosicn.

0'. ~erify ~o~h hinge pins flu~h at LR ~irge.

::::
~7':' :7:: PROCEDUPE

",.
-c
~ , 2.1 (Continued)

c.. I oc. "lisu,,1Iy verify the rear steerinQ ceccu:ling pull ring s"al has
not teen broken.

N

--J>o

--...,
o

n
:T..
~

""'"
~
~
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""---
""--....

-

'9

I~
C:>

as. Release inboard handhold .elcro tledoNn strap.

a,. Re~ease seat belt from seat stowage ~osition and place in ~emp

orary storage positio~.

au. Rotdte seat tc stable o.ercenter position.

avo Rctate lfgs tc full upr~ght position.

a'·:. f.ttach forward seat legs velcro stra" tc outtoard handhold.

ax. Veri fy Utlderseat stowage b.,g erects .

ay. Pull seat pan frame forward to engage front legs.

PE::;'.F:r.S

O~ ch as s i I .

FiGure 2-6. [f Dull rinq ti~

dOlln seal is Lmken dnd subse
quent steerino check usin,'
haed controller 'ndicates s~eer

lng ·:s engaged, disregJrd brnke,.
sEal. If haed controller check
indicates steerinc is not en
9aged I re(.Quo 1e s teeri Ilg.

If hinge pin is not flush, tap
pil with tcehold. VErify pin
is latched by pressing down on
chassis .

Figure 2-9, Vie~ 1.

Figure 2-9, View 2.
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~~h/STEP

2. 1 (Cnn:inurd)

F;: JCo}UDE REf.;AR(.S

c..

"::r
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az. Verify all seat latches latchec

tao StOl' inb(;ard handhold tiedo'ln strap by making loop behind seat
and attachirg end of strap to velcro patch on top of seat back.

Fold irboard armrest down.

Support co: sole ,·,ith left hand, with right hand release velcro
tiedown strap (if reouirpd), pull cut left C/O console "T" handle
P7 and turn gO" CWo

With right ~and rota:e inboard handhold to locked position while
rotating console downward with left hand.

be. Rotate "T" handle P7 gO· CW with right hand, fold "T" handle
flush with console boy and secure ~n position with velcro strap.

bf. Remove attitude indicator lock pin and discard.

bg. Remove C&W flag lock pin and discard.

bh. Pull pins P3 and P4 and discard clear of work area.

bi. Gr~sp tripod apex with left hand and pull pin P5.

bj. Oiscard pins and apex mel'lbers clear of work area.

bk. Grasp short tripod member in left hand and pull pin P6 with
right hand, and discart; pin clear of deoloymer,t area.

To prevent interference w; th
hand controller armrest must
be folded down to extent pos
sible at this point.

11";11 halldle should usnap-in",
lock and fold down flush with
console box.

Figure 2-6.
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bl. Re~ove shert ~r;::: -e-.er and use hooked end to ,ull cable P2.

:;:

~

"

'""'

3TA/:TED :: . ~~:'U:E PEFAR,.S

Figure 2-6. Tool hock inter
faces with cable arca color
cr,ded gold. Deflection of
cable releases telescoping rods
Saddl e and fa '-wa ft' whee I s tr'u t
tethers.

S'

~ I b". Verify the fon.arc steering decoup'ing pull ring seal has not
...., been brcken.

I~ ~_ _. .. __ - _+__ .._. .
a

co
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n

'0:
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N
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---....,
a

n
~

'""<D

'"
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'"

-t>

---

bm. Vi,ually verifj :c.c : tel~sCOuing rods soddle falls a\:ay fro", Lrt'l.

brl. Either insert SrlCr: tripo~ mer~,er in left toehold position or
5to\'1 i r. ullder-jea: : t::~'J:~e beg.

boo Pull left footres: lift tobs,

bq. Ro~ate footrest u:~!'e ane for~ard and lock into position.

br. Verif} both r,inge :ins flush at LF hinge.

bs. Deploy LF fender e,:ension .

ht. Veri fy batterj' no. lane SPL dus t covers closed and secured to
ve Icro patCh.

Figure 2-6. If shert tripod
~,mber is installed in toehold
position, end with hook should
be outboard with hook pointing
forward. This is also used as
wheel decoupling tool.

Tabs pull fret' of footrests,
but remain attached to floor
pdne 1,

Fi~ure 2-6. [f seal is broken
and subsequent steering check
U5ing hand controller indicates
s~eering is engaged, disregard I'
bro~en seal. If hand controlle
chec~ indicates steering is

- .- .. ---
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STA/STEP

2. I (Cl'ntir.ued)

;;, )CoJUPE REI-'J\Rr.S

not engaged, center wheels in
neutral steer, verif) fon'lard
~teering lock and continue
m"ission using rear steerin;
011 1Y•

bv. Move to right side of vehicle and verify battery nc,. 2 dust
~ I cover closed and secured to velcro patch.
'"'"_.
"c
C
rt
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o
'"rt
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::
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bw. At right side of LRV rotate right "T" handle Pl3 90· CW, fold "T"
handle flush with console box and secure in position with velcro
strap.

"T" handle should snap-in,
lock and fold down flush with
the console box.
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5TA/STEP

2.2

~;",>:~~~CE

LR'.' P:S~ :E?~:;"'~::,; CHEr.KOUT AriD DRIVE TO 1·:E5M

REf.'r,Rr:S

(

a. Verify hand controller in porki,g brake and neutral throttle
position and re'JU5e inhitit s,litch is on (pushed dOI'In).

Cre~man stands along side the
vehicle.

b. Verify s,litches anc circ"it breakers in prc-launch positions as
fo 11 O,/S:
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c.

NAV P0WER Circuit Breaker - Open
GYRO TORQUi"G 5"itc~ - OFF
System RESET S~itcn - OFF
AUX Circuit Breaker - Open
eus A, 8, C, 0, Circuit Breakers - Open
+ 15 DC PRIM and SEC Circuit Breakers - Open
+ 15 DC Switch - OFF
ffilTOR TEMP S':i tcn - FORHARD
BIITTERY S>iitcn - p';'PS
P\;M SELECT S,,; tcn - BOTH
S1EERING FORWARG anc REAR Circuit Breakers - Oeen
STEERING FORHA~D and REPR Switches - OFF
DklVE POWER LF, RF, LR, RR Circuit Breakers - Open
DRIVE POWER LF, RF, LR, RR S~itches - OFF
DnIVE ENABLE LF, RF, LR, RR Switches - OFF

Ma~urllly IT'ove the LDV away fror. the ',1". (S~e relT'arks for LRV
confi~uration ~or this ooeration).

Figure 2-11. Cre,lIT,an stands
along side vehicle.

Crew may manually move LRV
away from LM prior to powerup;
the hand controller should be
placed in neutral throttle posi
tlon and parking brake released.
With a crewman standing on
either side of vehicle outboard
hondholds may be used to lift,
rove, and to", LRV to any des i redl
location.
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STA/STEP PR,jCEDU RE REf'ARKS

c
"

c...

2.2 (Con~inued) Lllnar weight of LRV at this
puint would be approximately
85 lbs. Hand controller is
placed in neutral throttle
position and brake disengaged
tc. permit wheels to roll.
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Crewman stands along side
vehicle, and should exercise
care not to move vehicle
while setting brake.

Figure 2-1(.

f. BUS A, BUS B, BUS C. BUS D Circuit Breakers - Close .

d. Set oarking brake,

e. Ingress left seat, fast.'n seat be1t and initiate subsequent
power up steps.

co
'"'"~.
n

N......
.."..........,
a

co
e·...
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g. BATTERY Switcl, - VDL-S • 1/2.

9 I h. Report BAT I and Br 2 VOLTS indications.
'""'Ii! Ii. BATTE,Y Swi tch - A'··PS.
o
~ I i. Report BAT 1 and BAT 2 temp (OF) indjcations.

k. Report BAT 1 and BAT 2 AMD_~R indications .

.::': 11. Report BA, 1 cnd B~T 2 A/lPS indications.

::; m. + 15 VDC PRII·1 ar.d SEC Circuit Br~akers - Close.

n. STEERING FOR~:A,RD A:;C REAR Circuit Breakers - C~ose.

"= o. DRIVE PD\;ER LF. RF, LR, RR Ci rcuit Breakers Close.

I':"
N
W
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LUNAR ROVING VEHICLE
OPERATIONS HANOBOOK

SEAT BELT PLACED ON INBOARD
HANDHOLD FOR STORAGE PRIOR TO
VEHI CLE EGRESS
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FIGURE 2-10 CREW pas ITION
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LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANOBOOK

.....V
POWEI

SYSTE ..
IfSlTo-0-

--------------,
~g~~~'?Tlrt.~"""'~n - ALARM

~ i~~~~~ [(If'

I POSITION)

,.TCH

CAUTION/WARNING LATCH
(DISCARDED AFTER LRV
DEPLOYMENT)

INDICATOR
D,IMPE R

"14 IT Cli
GUAlW

SWITCH
GUARD

.."......

....

OliVE 'OWEI....,......

f;t 1'·• •
• •
• •::; .

..... ~. ~ . ~

8:,0 0 0 e:'8 6='_. _0 ~J

@ ...

@ .. ,

© .. c

© ...

G) •• 0

r..,.
l
r

.., I

l
~ •• ..c:____

0_
(j 0:

SUN SHADOW DlV1CE--t-==:::::::=~~~=~-==±:_,...,J:,==_:_;~c;_=;:==----
rowu rowu / n ..,u..TUIf "O"'ITOI

,. ...,... ,,. "'OlB -. loll.«' r Mr""y, r -olCM ..,
I J I ....... J "'01 I .. J ~ .. •

'01 0

8

SwITCH GUARD

FIGURE 2-11 CONTROL AND OJ SPLAY CONSOLE

Mi~SIGn _ 6a s i ( Do te 12/4/70 Cnange Date ____4-"/;.:.1"'9;.:./..:.7..:.1 '0 ge 2- 25
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2.2 (Continued)

~;:t)C~8UPE Pc ':ARrs

c..

L'
J.

n

N
"
"'"~
~

::
~

~

?
s

p. DR:VE ENhBLE LF and RF S\litches - P,1I1 2.

q. DRIVE ENABLE LR and RR Sl'litches - PI.I·; ;.

r. + 15 VDC Switch - SEC.

s. STEERI:IG FORWARD Switch - BUS C.

t. STEER IriG REAR Swi teh - BLS B.

[~:~: ~:~:I:~:~]
The hand controller should be in park brake position
and H.e dri ve er.iib1e sl'li tches mus t be set to an
active PWI~ prior to setting any drive po\,;er switch to
an energizEd bus. [f the drive power switch is turned
or. and the ccrresponding drive enable s~itch is not
se1ected to an ac t i ve p,n1, then fu 11 >o"ler wil i be
ar.p 1i ed to the corres pond Ing dri ve mo tor when the
h'nd controller is released from brake position.
Should this conditicn occur t~e hand controller
should be ;mmediately returned to park brake position.

Forward steering operates from
Battery 110. 2.

Rear s.eering operates from
Ba t te r:, Ne. 1.

He PWM select switch determir,es
which PWM is active.
The hand controller was veri
fied set in park brake position
in st(,p 2.2.d.
The Pi·It·' se 1ect s,·1i teh was veri
fied in "BOTH" position In step
2.2. b.
The drive enable switches "ere
set to active PWM positions in
steps 2.2.p and 2.2.q.

a ..
" c:.., 2:

" »:::t:o :tJ r-
---i ~j
~ ,,0
a a az <: a
U> - ,zo
:I: '" a» N
Z <: ,
a .., N
OJ I =:
0
0'"""..-..,

u. DRIV, POWER LF SI'I;tch - BUS C.
:.

"
<D

-:::. I v. DR IVE POWE,: RF Switch - BUS C.

"1. DRI VE POliER LR Switch - BUS B.

I':"
N
C'

Front wheels operate from
Battery Nc. 2.

Rear wh(,els operate from
Battery 110.1.

--- -----



~

v
v
~

o
::>

STA/STEP

2.2 (Continued)

PROCEDURE REI/ARKS

~

abo Release parking brake and drive to MESA area for equipment 10ading.1 To the extent possible driver
should verify steering, speed
control and braking during
this brief drive. The off
veh i c1e cre\;Tllan shou1d ve rify
all four wheels rotating (not
sliding).

c...

co
'"v
n

o
0'
~

'"
N.....
$>.....-..
o

n
~

'"::>
<0«
o
'"~
'"

$>.....
<0.....-..

""

x. DRIVE POWER RR S"itch - BUS B.

y. Release parking brake.

z. Hand Controller reverse inhibit s>Jitch - UP position.

NOTE: The LRV driver may now hack away from LM. LRV driver
should request other crewman to direct and monitor any
backing operations from an off-vehicle position.

aa. Stop LRV and set oarking brake. Reset reverse inhibit switch
(push switch down).

ac. Stop LRV and set hand controller in parking brake position;
Neutral throttle.

ad. Perform LRV partial power down as follows:

DRIVE POWER Switches (t) - OFF .
STEERING Switches «) - OFF.
+ 15 VDC Switch - OFF.

Parking brake should always be
s"t prior to vehicle egress by
either crewman.

Turning off drive power, steer
ing, and + 15 VDC switches
ensures that a
failure in the DCE will not
apply power to any vehicle
motor thereby precluding any
unnecessary power drain.

r
0 c:::
"" 2
fTl :P
~ "'.V>-< "'0- 000 <",2 -,V> 2 0
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STA/STEP

2.2 (Continued)

PROCEDURE REt/lARKS

c..

"''"v-_.
n

0.'rt
'"
-N...................
0

n
=r

'""<0

"
0

'"rt
'"

.........

'"..........-
i
,

"'"<0
0

I~

,
I

N
00

NOTE: The above step 2.2.ad assumes that payload loading and
first LRV traverse will follow in order. Should crew
rest period be scheduled subsequent to step 2.2.ae and
prior to first LRV sortie, then Bus A, B, C, and 0
circuit breakers should be opened.

ae. Release and sto" seat belt and egress vehicle.
or
" c:,., 2

'" ".
". '"--< r
~ '" V>
000
:z <0

<n - '"2,

:I: '" 0;too 0
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0"""r,.,
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a. Place LCRU support post locks in the up position.

b. Disconnect GCTA connector from LRV dummy connectors.

NOTES

1. Do not disconnect LCRU power cable from
LRV auxiliary connector. Dust contamination
could occur if this connector is disconnected.

2. Do not allow GCTA connector of cable to fall
to lunar surface,

3. Do not place payload on battery cover.

c. Remove dummy connector from LRV GCTA receptacle and discard.

d. Remcve LCRU from its LM stowage position and place onto LRV
forward chassis LCRU support posts.

e. Wh~n LCRU is bottomed against support posts, position support
post locks in hOl'izontal position to secure LCRU.

f. Veri fy LRV AUX power ci rcui t breaker - Open.

RU'J\Rf.S

Figure 2-12. LRV arrives on
lunar surface with LCRU support
posts installed in LRV support
tubes on forward chassis and
with LRV/LCRU power cable con
nected to LRV auxiliary
connector.

FiQure 2-12.

Figure 2-13.
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LS006 -OOZ -ZH
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

LRV FWD CHASSIS

LCRU OR GC1A CONNECTOR
(01 SCONNECTLU ["ROM DUMMY CONNECTOR/
DUST CAP GEFORE INSTALLING LCRU)

LRV AUXILIARY CONNECTOR/
LCRU CAGLE POWER corlNECTOR

DETAIL A
(TYPICAL 2 PLACES)

r
DUMMY CONNECTOR/OUST CAP

- (REMOVED AND DISCARDLU

~
GEFORE INSTALLING IIIGII
GAIN ANTENNA OR GCTA)

A~~

{c ' :

SUPPORT
PUST
LOCKS

GCTA POWER CONNECTOR

TIE-UOWN STRAPS Y

L
'/ (SEE DETAIL~
~ LCRU CONNECTOR

LCRUIlV/LRV
CAGLE

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

CAGLE

FIGURE Z-12 LCRU/TV/LRV CABLE STOWAGE

:-i 1S S 1 vn__..::J:..-.-__ Basic Date 12/4170 Cnan~e Date _--:.4:..,/.:.:19;,:,/"",7.;.1__'"ge 2-30



LS006 -UOL -LH
LUNAR ROVING VEHICLE

OPERATIONS HANOBOOK

III GAIN "5" BAND
ANTENNA

OPTI CAL SIGHT

_-r-- LOCUNG
COLLAR

POINTING
HANDLE

)

.... / ------

,~ : t-.r'*-'l.:: - _.~~/
.) ----- 1 v:' ./ \\

VHF ~
ANTENNA ~~~

~t:-,
/ \

REO ALIGNMENT MARKS ON
COLLARS (TYPICAL FOil
HIGH GAIN ANTENNA AND
TV CAMERA)

",

CONNECT ION
TO THE LOW-GAIN
ANTENNA

AIIO HIGil
GAIN ANTENNA

FIGURE 2-13 LCRU, HIGH GAIN ANTENNA, TV CAMLRA INSTALLATIUN

~lSSlGn J ___ Basic :late 12/4/70 Cnanqe Date __4...;/_1..;,9:../7~1__)"ge ,'-JI
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STA/S~i:P PR,)CEJURE pi:r.'rPrS

-c
~

2.3 .1 (Continued)

c..
g. Oi sconnect LCRC power connector from LRV durnrrJ connector and

connec: to LCRU.

h. Cover connector with thermal boot.

g; Ii. Rer:love dUr:lmy connector from LRV HGA receptacle and discard.
~

b. Rcroove GCTA can t ro 1 un it and 5 upport s ta ff from MESA.

a. pin release cable.

mirror

2.3.2 ~

Oc
"2
"''';C;c" ~-l;cv>
'-'o="
°<9z ...... "
VI Z I

"'C;,: 0
"<N
2,.",
CJ;,:N"" _;,:
On
O~'" ,."

Figure 2-13.GCTA Installation

Rotate staff to assure engagement of staff anti-rotational
pins.

Unfold GCTA Sup~(~ all".. V~~fy staff locked.
CAUTION

It \\1 1 \ ,

It GCTA staff is not properly 1ccked,
it could fallon LCRU and cause Sf:vere
LCRU radiator damage .

With connector receptacles inbo~rd, insert GCTA staff into
mounting receptacle on right front corner of LRV .

c.

d.

e .

N.....
.Co.....
"CJ

.Co......
<D......
"

n

n
'"'"::>

<D

'"
CJ

'"~..

CJ
c·
~..

.~

'"<D
r

I':"w
N

f. GCTA staff bayonet collar - Lock (CW).

1-

A1ignl1'€nt marks are provided
on GCTA staff locking collar.
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S~'\/STE? PF,,;CEUUPE REr:AR,S

c
~

2.3.2 (Continued)

c...
g. Connect GCTA connector of LPV/LCRU coble to GCTA control

unit.

h. On TV camera, U~ PWR ~"itch - OFF.

~ Ii. Disconnect LM/TV cablE from TV camera and rest connector on
~ tripod handle.

a. Remove camera and staff from L~L

k. Connect GCTA control unit connector to TV camera.

b. Assf'mblE camera and staff into single unit.

c. Insert stoff into receptacle on LRV right inboard handhold.

0'
" c"'z,,»
»"--i .-_ ::::t:l '/l

00 0

z < '"
VI - '"7'
::t: c>0
» cz <N

a '" 'OJ ::t: N0-=
On
"'.-'"

Figure 2-14.IE rrm Data Acquisition Camera Installation2.3.3

j. Remove TV camera from U; tripod and install on GCTA azimuth/
elevation uni t.

N--....--.....
o

n

n
or
0
~

"'"

c
o

'"'..

~ I d. Verify staff locked in place by pulling up on the camera without
'" depressing the push button on end of handhold. Camera staff

sl'ould not move verti cally.

...--. 2.3.4 Low Gain Antenna Installation Figure 2-14.

'"--..... a. Remove low gain antenna from LM stowage location.

b. Insert 10" gain antenna staff on LRV left inboard handhold.

I':"
w
w

c. Verify staff locked in vp rtical1y by Dulling up on staff without
deoressing button on end of handhold. Low goin antenna staff
slould not move vertically.



LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

~ 16 MM UATA ACQUISITIOIJ
-----./ CIIML RII

.'LOW (;11 111________. " ()
IINTErINIl

10 ImTIlTl r.z II~UTlI SE TT IIIG, !
';RASP HANDLE, PUSH UOWN
TO UNLOCK, TURN TO DESIRED
SEn I NG AND RELEASE. STAFF
LOCKS IN LAST PDSI1IOlI.

LRV INBOIIRD
IIArIUHOL D

rusil BUTTON TO
RELEASE ANU/OR
Ri.I·:OVE STAF F
fROI~ HANDHOLU

----"e

FIGURE l-14 16 MM UIIC ANU LOW GIlIN ANTENNJI I16TALLATION

~l~SlGn --:J ___ Gdsic Uute 12/4/70 (nange Date __4.:../_19:.;./_7_1__'"90 2-34
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STA/STEP c";Cr:OUPE REI/ARKS

-c
" 2.3.4 (Continued)

G. Route low gilin antenna coble to LCRu and secure to LRV \-litn strap
c... I on console and clips on forward chassis.

Figure 2-15.

e. Connect low gain antenna cable to LCRU.

2.3.5 High Gain Antenna Installation. Figure 2-13.

e. Open and lock HGA dish.

c. Unfold and lock HG,\ staff.

or
" c::
'" Z",,:P
::x:- Xl r-
-< '"_ ""0
000
z < '"'" - ,70
:J: C)'::>
:p N
Z <,
o '" N
CD :c::=
o
ar>
",r

'"

Alignment marks are provided
on HGA staff locking collar.

Insert high gain antenna staff into the mounting receptacle on the
left front corner of the LRV and lock.

Remove high ga in an tenna from 1I~ stowage pos i ti on.

N

~ I d. Remove and discard optical sight retaining clamp.
.....
a

:? f. Connect HGA cable to the LCRU.

"'g g. Activate LCRUjGCTA and perform communication checks as required.
o
'"~ h. Deactivate LCRUjGCTA until needed.

co
'"v

I a.
_.
n

co I b.0,..
'"

a. Release the pallet support post tiedo,1n on LRV aft chassis....--.

2.3.6 Aft Payload Pallet Installation

Fi gure 2-16 .

'"--......
~ b. Erect pa 11 et support pos t.

c. Remove pallet from LM.
'~

N

1<'.,
'"



LS006 -OOZ -ZH
LUr;AR ROVIrIG VEHICLE

OPERATlorlS HANOBOOK

______----- LOW GAl II ANl[NNf,

VELCRO LOOP ON LRV /

~
CABLE CLI P orl LHV
(PRESS CABLL INTO
CLI P 2 PLACES)

,

'ASTRONAUT FORMS LOOP BY
PLACING CABLE AGAINST
CONSOLE VELCRO AND
PHESSING THE VELCRO
STRAP ONTO ITSELF AFTER
COVERING CABLE.

,~N ILNIIA LABLL
CONNECTION TO
LrHU

,IGURE 2-15 LCRU LOW GAIN ANTENNA CABLE INSTALLATION ON LUNAR SURFACE

J,"'ll~~l(.. n----- Basi c Do te 12/~/70 Cndnge Date __~4/~1~9~/~71~__""ge 2__-36



L. H. ADAPTER

LS006 -002 -2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOO~

PALLET SUPPORT POST (STOWED)

POST TIEDOWN TAB

Basic Dote

FIGURE 2-16

JMission -:- __

LRV REAR PAYLOAD PALLET ADAPTERS

4/19/71 '.ge "0}712/4/70 Cnange Date _~..:..:.:.......__
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2.3.5 (Continued)

PF (EJU~t: RE:';'Rf.S

(

<-

~. Connect pallet to pallet sc~port post.

e. Route pallet about support oost until pallet locks in pallet
adaoter on LRV LH aft chassis.

Figure 2-17.

2.3.7 Buddy SLSS Installation
C"
~

'" I a.
n

c Ib.e
~

'" Ie.
~
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r>
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rt

::>

'",..
'"
A.....
u:>.........

S'

I':"
w
00

Remove BSLSS bag from LM.

Release BSLSS support strae on back of right seat.

Feed strap through BSLSS bag handle and secure to PLSS support
velcro on front of back seat.

Fi gu re 2- 18 .

---_._----
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LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

PAYLOAU ITEf1S MOUNHU ON
l'Allt T IllFORl LAUNCH
(1',\\ LOAU 1TlHS NOT
\HllWN)

REAR PAYLOAO PALLET

PALLET LOCKS IN PLACE
lIPUU lNGAGLMENT WITH
L.11. AUAPTER

FIGURE 2-17 REAR PAYLOAD PALLET INSTALLED

Misslon, J __ Basic Dote __1_2:../4..;.1_7_0_ Cnange Date _.-;4.:../,;,.:19:;./.;.7.;.1__'uge ~39



STEP 1

LRV PASSLNGER SEAT

LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

BSLSS SUPPORT STRAP

PULL TAB
(PULL TAB TO RELEASE
ST RAP FROM PLSS
SUPPORf VELCRO ON
FRONT OF SEAT BACK)

BSLSS SUPPORT STRAP

BSLSS BAG

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

~e..------
STEP 3

FIGURE 2-18 BUDDY SLSS IIISTALLATION

Bas i C JU te 12/4/70 Cndnge Ddte __4...:/...;1..;;9:.,/;..71:..-._'uge 2-40
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SU/STte

2.4

PROCEDUFE

PRE SORTlE CHECKOUT AND PREPARATlDN

REt'ARcS

\

c...

'"Q,

~

n

o
C
rt
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'-J
o

n
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Q,
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'"0-
rt
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'".....'-J

IN
I ,

'"

a. Verify battery and SPU dust covers closed.
b. Verify hand controller in parking brake and neutral throttlE

position and reverse inhitit switch's on (pusl:ed down).

C~:~:¥.:~:I:~:~]
Do not grasp the 16 MM Data Acquisition camera
staff or low gain antenna staff during ingress.
The handholds are designed for ingress by
grasping the handhold horizontal and vertical
members below the payload staffs.

c. LRV dr~ver ingress LRV leH seat and fasten seat belt.

d. Other crewman ingress LRV. and fasten seat belt.

c~:~:¥.:~~:~:~]
Do not grasp the 16 MM Data kcquisition camera
staff or low gain antenna staff during ingress.
The handholds are designed for ingress by
grasping the handhold horizontal and vertical
members below the payload staffs.

NOTE: If this is the first LRV sortie and this procedure
sequence irrrnediately follows initial payload loading
(2.3) and LRV post deployment checkout (2.2). then
at this point the C/O panel is in a power down con
figuration in accordance with step 2.2.ad.
If this is the case then step 2.4 need only be a
verification as it has been previously accom
plished.

Board left seat first and
verify parking brake set prior
to other creO/man boarding. Do
not board both seats simultan
eously.

,.-
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STA/S~E: PK'JlEDU DE Ri:Yr.F.r =.

-c
"

c..

?,4 (Continued)

e. B~~~, e'.: e, eus c, BLS 0 CB', - Close.

f. NAI POWER CB - elose'I~~:~:~:~:I:~~)
Do not torque av gyro un 1 nav power has
been on for 3 mi nutes.

Nov gyro is allowed to warm up
and stabilize during peyload
loading.

en

'"~ g. Report BAT I and BAT 2 AMPS.-,
n

0 h. BATTER" Switch - VOlTX x 1/2.
c'

i . Report BA: I and BAT 2 VOLTS....
",

j. Report B~T I and BAT 2 ftMP-~R. [nsure reacing is
indicating the am~-hr integrator has had adequate

N...... k. BATTERY Switch - A'~S..........-...
DRIVE EliABlE IF and RF Switches - PWII l.0 l.

n m. DRIVE ENABLE lR and RR Swi tches - Plill 2.
'"'" + 15 VDe Switch - PRIll.=> n.

<0 -
It>

0 o. STEERING FORWARD Switch - BUS A.
'"...
",

0
~

c
" ;z
m »
'" "',

stabilized,
I

»

I
-< ",'"

warmup ti me.
00

0 <0
0

;z ...... V"l
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OJ - ::I:
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p. STEERING REAR Switch - BUS D.

t~::~:~:-"-~~:I::~~:~]
The hand controller should be in park broke position
and the drive enable switches must Le set to an active
P:"M prior to s'etting any drive po,·,er " .. itch to an ener
gized bus. If the drive power ,,·:itch is turned on and

,_.__ .. --._-----

Forward steering operates from
Battery No.1 .

Rear steering operates from
Battery NO.2.

Ti,e PI,I': select s"itch deter
mines which PWM is actiVe.
Thc hand controller'WcS-Veri
fied in park brake positior. in
step 2.2.ac.



(

t. DRIVE POWER RR Switch - BUS D.
n
::T u. Drive LRV to level are. (~6° pitch) near the LM...
:>

""'< Deploy SUN SHADOW uEVICE (SSD).v.
0

'"... I w. Deploy Vehicle Atti tude Indicator to read roll.'"
x • Park down sun (within ~ 3° per SSD) and leve1(within + 6° roll) and

AI set brake......

~ I y. Report sun shacow device reading, and LRV pitch and roll anqles.

z. Fold (or reset) Sun Shadow Device (SSD).

r. DRIVE POWER RF Switch - BUS A.

s. DRIVE POWER LR Switch - BUS D.

q. DRIVE POWER LF Switch - BUS A. 0;:::::
"z
'" ;p
~X'r
--< '"' VI-00
0<0:z ~_ 0\
VI 2' I

::I: (;) g
~ <: f',)
:z ,., I
O::J:N
"'_::J:
On
0,
><,.,

REflJ\RV,S

Front wheels operate from
Battery No.1.

Rear wheels operate from
Battery rio. 2.

The PWr·i select swi tch was veri
fied in "BOTH" position in step
2.2. b.
The drive enable switches were
set to active PWM positions in
steps 2.4.1 and 2.4.m.

Reset SSD to prevent it fro",
obstructing drivers access to
system reset switch.

CAUTION (Continued)

PF.·;CEUURE

the corresponding drive enable switch is not selected
to an active PI""I, then full power will be applied to
the corresponding drive motor when the hand controller
is releasee fro~ brake position. Should this co~dition

occur the hand controller should be immediately returned
to park brake position.

(Continuedj
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aa. Fold Vehicle Attitude lnd!cator to drive position (pitch read
position) .

al. Pull system rese', sl,itch from detent move momentarily to reset
position and return to off,

ac, Verify BEARING, DIS7ArICE. RANGE Indiciltors - ZERO.

ad. Receive calculated headin~ from MCC,

C~:~:~~:I:~:~]
Conti nuous tc,rqui ng of nav gyro sha 11 not
exceed 2 minutes of any 7 minute period.

ae. Pull GYRO TORQUING Switch from detent and operate to LEFT or
RIGHT for proper heading indication, then OFF,

at. Report batter} 1 end 2 Am~-Hrs.

ago Report battery and drive motor temperatures.

ah. Report bat.tery current Vlhile vehicle is in mtion one tiree
between stops.

Torque LEFT causes heading
indication to move CCW, Torque
RIGHT causes heading indication
to move CWo

.~,-- ----------
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0 00
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STA/STEP

2.5

PROCEDURE

LRV CO::FIGURATIrnl FOR SCIEI:CE STOP

REr:ARr.S

c...

'"'"V'

n

o
o·

""'"
N-$>-....o

r>

""'""<Q..
o
'"""'"

$>

-<Q-....
'0

'"<Q
c.

I':"..,
<.n

a. Stop LRV and set hand controller in parking brake position;
Neutral throttle.

b. Pcrforr LRV oartial power down as follows:

DRIVE POWER Switches (4) - OFF.
SlEERING Switches (2) - OFF.
+ 15 VGC Switch - OFF.

c. Report BLARIi;G. DISTANCE. °ANGE, HEADING, and BATTERY A!·lP-HOUR
indications.

d. Crewman in right :eat release and stow seat belt and egress
vehicle.

e. Crewman in left seat release and stow seat belt and egress
vehicle.

f. Align HGA.

g. LCRU mode Switch - FM/TV or TV RMT.

h. Open LCRU thermal blanket per ground request.

------

See remarks for step 2.2.ac.

TV RMT will provide improved
TV performance when the Lf1 is
available for voice relay.

or
"c:
m Z
",J'>
:t> '" ~

~ ;0 ~
0°0
Z <:<"
U1 ..... I

70
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",,:t::t:
0
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Ar-m
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.r

c
"

STI\fSTLP

2.G

,: jCE~UR[

Li',' :J;,FI:;_i.;~!~·: PRIOR TO LEAVI:.:' SCIE:iCE STOP

---", -------- \. ~ .. .. ~J:.. .. r.,-,: '

c...
a. Align LGA.

b. LCRU t10de S\·!itch - PHI/"B.

c. Board LRV left seat and fasten seatbel t.
_.. _~ _ -

'"'"V'_.
n

0
0
~

'"

N-...... Id-........
0

r> Ie.
=>'

'""~
"-
0

'"~
'"

...-...

[~:~:~:~:I:~:~J
00 not grasp the 16 r-t-I Oata AcquisitiQl' camera
staff or low gain antenna staff during ingress.
The handholas are designed for ingress by
gC35pinc; toe oandhold horizontal and ver~ical

members below the payload staffs.

Verify hand controller in parking brake and neutral throttle
position and revers: inhibit switch is on (pushed down) .

Other crewman ingress LRV right seat and fasten seat belt.

C~:~:~~:I:~:~:.)
Do nat gras~ tne 16 MM Data Acquisition camera
staff or low gain antenna staff during ingress.
The handholds are designed for ingress by
grasping the handhold horizontal and vertical
members below tne payload staffs.

or
vc:..., :z
;xl l>
:»"..... r
~ ;xl V1

0 00
z <: 0
V1 - '"7'
:r '" 0:» 0
Z<:N
0"" ,
",,:z:N
o-:r
or>
""r-...,

~ I f. Report Bearing, Distance, Range, Heading, and Battery Amp-Hour
~ indications.

Update lIav System to correct for drift, if requi red by I·CC.

+ 15 VDC Switch - PRI~.



3: I STA/STE? PROCEDURE I ?E··.... Kf:S
v,-
c

12.6:> (Continued)

i. STEER[:iG FORWARD Switch - BUS A.

,

c..

j.

I
'"'"'"_.
n

a•
~

III

~

N...................
0

STEERI~G REAR Switch - BUS D.

t-:~:~:""""~:~:I:~~;~)
The Iland controller should be in park brake position
and the drive enable switches must be set to an active
PWM prior to setting any drive power switch to an ener
gized bus. If the drive power switch is turned on and
the corresponding drive enable switch is not selected
to an active PWM, then full power will be applied to
the corresponding drive motor >.hen the hand controller
is released from brake position. Should this condition
occur the hand controller should be imn-ediately returned
to park brake position.

The P,JI·: select swi tch determines
which PWM is active.
The hand controller was verified
set in park brake position in
step 2.6.d.
The PWM select switch was veri
fied in "BOTH" position in step
2.2.b .
The drive enable switches were
set to active PWM positions in
steps 2.2.p and 2.2.q.

or"C:
'" :z'" ,..)::0 ;0;-

-; '"_ '" 0
0 0 ::
2: <::"
Vl ..- I

70
:I: C' 0
)::0 ,,:
:z <: ,
a !Tl N
OJ :r::r::
0
0"
""r-

'"n

'" Ik. DRIVE POWER LF Switch - BUS A.'":>
'"'" Il. DRIVE POWER RF Switch - BUS A.
0

'"~
1
m.

DRIVE POWER LR Switch - BUS D.III

n. DRIVE POWER RR Switch - BUS D.
I........-'"...........

-
S'

I':".. ------- . - --- -- -- ......
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" 2.7 POST SORTIE CcECKOUT

f. BATTERY Switch - MPS.

j. + 15 'J0C Switch - OFF.

g. Report ba ttery and dri ve motor tempe ra tures.

h. DRIVE POWER Switches (4) - OFF .

i. STEERI NG Swi tches (2) - OFF.

0'
." c:.., z
~ 5;"--< Vl_ Xl-::>
000
2 <:::;'\
V"I ~-.. I

",0

j; C) ~
:z <: 'o .., N
co :x::J:
0
0"
",,'-..,

I Figure 5-2.

Hand controller in parking brake position, throttle in neutral
SET BRAKE.

ReDort BEARI :IG, DISTANCE, and RAIIGE.

Report BAT 1 and BAT 2 AMP-HR.

ReDGrt BAT 1 and BAT 2 VOLTS.

Par, LRV cross sun from the right in vie>! "f Lfi \'Iindows.

N.....
'"........,
o

e- (
b.

CO
,C-

'"V'_.
I d.n

c
c Ie.
~

'"

r>
:=T

'"".,
"

1. BUS A, BUS B, BUS C, BUS 0 Circuit Breakers - OPEN.

i? I k. Nav Power Circuit Breaker - OPEIL
~

'"

'".....
'"'........,

m. Crewman in right seat release and stow seat belts and egress LRV.

~. Cre'lman in left seat release and sto," seat belts and egress LRV.

o. Ali go HGA.

~

p. LCRU ,,"ode S"i tch - TV PI·IT.

11:
co
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STA/STEP

2.7 (Continued)

PF. __ oJUPE REf.'",Rr.S

q.
c...

r.

'"'"....-n
0
c
~

'"

-N.................
0

r>

'"'"""""
0

'"~
'"

.......

""..........

~

I~
""

Open LRV Ba ttery ana SPlJ uus t Covers.

Prior to LM Ingress - Perform the following:

LCRU Power Switch - OFF.
Adjust LCRlJ Thermal Blankets per ground request.

0
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STA/S rep PR,jCEDURE eLFARr,S

c
"

c...

2,8 01 SPLAY P.[~JI NG SEQL'EIICE AND TIt~E JjiTERVALS

a, Report the following displays in the order shawn at the time
intervals specified below:

co
'"v
n

'"o·
rt
n>

N-...-"'"
n
".

'""'"'"
'"'"rt
n>

...
-'"-"
....,
'"'"C

DISPLAY

BEARING
and RANGE

AMP-HR and
DISTANCE

BATTERY OF

AMPS

VOLTS x 1/2

MOTOR OF

SPEED

PITCH and
ROLL

HEADI NG

TIME [NTERVAL

At start of sortie and each 15
minutes or as requested by MCC.

At start of sortie and as requested
~ ~C.

At start of sortie and as requested
by MCC.

Steady state at start of sortie,
each 15 minutes when at constant
speed, when climbing steep obstacles
and when climbing different slopes.

At start of sortie and as requested
by MCC.

When reques ted by I"CC,

When requested by MCC.

During Navigation System initiali
zation and update.

During Navigation System update

r0 c:." ;z,.,
"";0 :n

"" r-< ;oU'
~

000 <0:z - '"U' Z,
:I: "'g
:J> <N:z ,., ,
c:> :I: N

'" - :I:g n
r

7< ,.,

1':'
'"o

.. .. . _._.___ _ 1_ __ _. __ I



LS006 -002 -2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

SECT! ON 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 "
malfunction condition by Control and Display Panel meters or indicators.
The crew will then lorate, correct, or isolate the malfunction and determine
its effect on the scheduled mission. In general, the prucedures cover
significant single failures. Double unreleted failures are not r.overeQ 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.
routine logic flow diagrams.
columns is as follows.

3.1 SYMPTOM COLUMN

A three column format is used for symptom
A description and use of each of these

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. All 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:

• Amplifying additional remarks related to the symptom.

• 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.

Mission J Basic Date _12_/_4_/7_0__ Change Date __4_/_1...:9/c..7_l__.Page 3-1



LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

M,~L FUHCT I ON PROCEDURES NO. PAGE

C\UT I ON ."ND WARN I tlG FLAG ACTUATES 3-3

EITHER 8ATTERY TEMP> 125°F 2 3-3

ONE DRIVE MOTOR TEMP> 400°F 3 3-4

ABrIOR~IAL IMGALANCE BL HIEE.N liAT 1 AND BAT 2 4 3-4
AMPS (VEHICLE ACCE.LERATIOti NORMAL OR LOW)

FqONT (REAR) WHEELS 00 NOT RESPOND TO 5 3-5
llANO CONTROLLER STEERltlG COMMANDS

ONE OR 110RE W',EELS DHIVE WHILE IN 6 3-6
NEUTRAL

LOSS 0F DRIVE FROM ONE OR TWO ~:EELS 7 3-7
(COi"MANDED ACCELERATION ABNORt~ALLY LOW)

C(111MANDED VEHICLE SPEED ABNOI<MALLY HIGH 8 3-8
(SPEED IWT VARIABLE ON ONE OR MORE WHEELS)

LOSS OF DHI VE FROl1 ALL WHEELS 9 3-9

BRA~E WILL NOT RELEASE 10 3-10

LOSS OF VOl CE COMM WITH MSFII 11 3- 11

Ti.BLE 3-1 MALFUNCTION PROCEDURES

O t 4/19/71 Page 3-2t1ission J Basic Date 12/4/70 Change a e _-'--~_----
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LUNAR ROVING VEHICLE
orERAl IONS HANDBOOK

S¥MP1OM PROClDUAl REMAR"'~

1 (2)
.l.J ~ SYMI'TOM

IF C&W FLAG CONTINUES
CAUTION AND RESET C&\I - EITHEA BATTERY YES TO ACTUATE OR WILL
WARNING FLAC ~ FI.AG TEMP ~125-F1 ~ 2 3-3 NOT RESET. LEAVE FLAG
ACTUATES UP AND I GHORE IT.

NO

~ SYMPTOM

YES
ANY ""nOR f- 3TEMP ) 400°F 3-'

NO

0- f.U
PRORABLE C&W
SYSTLM MAL-
FUNCTION

2
cp

~ 4JroRM MCC OF
2J CD All CKT 8REAKERS

StlOULO
E!HIE A BATTERY VOLTS/AMPS ~

No!P-IIOUR RlAO- A: NDT STOP: REHAIN CLOSED.
TEMP )12S-F - NORMAl? INGS AND AEI«)VE

1
ORIENT LRV CROSS BATTERY COVERS Will

LOADS FROM SUN FROM RIGHT AuTOMATICALLY CLOSE
AFFECTED 8ATTERY rAISE BATTERY WHEN PROPER TEMPCOVERS, POWER

NO <p DOWN LRV EXCEPT
LEVElS ARE REACHED, FOR NAV SYSTEM.

~N ITOR BATTERY
SYHPTlIM f.U TEMP.

BATTERY TDlP q> CD• INDICATES
H GRADUAL COOL roWN RA TE IN

COOLOOWN? I ACCORDANCE WITH

NO I APPENDIX A.
YLS 8ATTERY THERMAl

CArABILlTY Ol- eD.2J r.RADE.O
Blln£RY MAY Bl

OPEN CkT BRkRS

~
III ILI Zl D WIlEN

AAC THEN ClOSE TEMPERATURE PERMIT~
THO'

I::.J 0
IlISRlGARlJ TLMI'LIlATlJR[

CAW FLAG ~
I'ROOABLl BATTERY INDICATION.
11 I'll' '\ENSOIl

ACTUAH? FAILURE r«JN [TOR A-It.
VOlTS/AMPS.

<p ®
1J

01 GRADED I'll SS ION.

YlS ~
CONTINUE MISSION,

I~ROBABl[ lNT['N~MONITOR A-H READ-
INGS. TRANSFER BATTERY SUORr OR
LOADS TO OlMER tONNECTDR SHORT
BATTERY

S¥HI'WM rROl.llJURL RIHARK',

TARll )-1. ""'UUNCTIU~ lOGIC rUlW rllAGllllM

MtHton __.::" lIaslc Volle 1~/4/10 (h,.nqe 1J,1te 4/19171 I'.~e J-J



l ::()tlf; ·nn:' :'11
LUN~R ROYINit VlIlICLl
OPIMTIOH!- IIA"1II\ooK

SYMPHJoI PROCEDURE RU"ARK!I

J <.V
~RIVE AND BRAKING~OP VEHICLE ~ 1J IH

(JIE DRI Vl I()TOR
~

fOR AfFECTEO ..... DECOUPLE AFfECTED- KlTOR TEMP ACCORDANCE WITH
TEMP >400·F \lMEEL; WHEEl, RESUf4E

JNDIC~TE GRADUAL APPENDIx A. IF ~[EL

• ~;~~E PWR OFr
SORTIE COOLOOWN1 IS R.R., SPEED METER

- 0 VE ENABLE WILL NOT FUNCTION.

cp ItO I Inscp
KRr REQUIRED, \lfiEEL

~ ~

K)TOR TEtt' ... flI)TOR THERMAl CAN BE RECOUPLEO
CAPA81l1TY DE- WHEN TEMP. PERMITS.

SENSOR FAILURE GRAOED
CD

WHEEL CAN BE
RECOUPLED AT CREW
OPTION. TEMP
INDICATION SHOULD
BE DISREGARDED.

, ep (0
~E AT A TIME, ~ Ir ABNORMAL CONDITION

ARHORMAl IMGAL- EXISTS ONLY ~EN LRV
ANn DETWl[N DRIVE POWER IS IN MOTION. THIS
OAT I AND BAT 2

""
SWITCHES (4) OFF. SHORT IN DRIVE STEP MUST BE...., THEN ORIGINAL f«)TOR OR DR IVE PERFORMEO WITH LRV

(VlHI Cll ACCll· POSITION PWR CIRCUITRY IH f«)TlON
ERAT ION NORMAl
OR LOW)

~ CDNIP!' Rl WRH
YESTO NORHAl WlTlI

ANY URIVL POWER
iJlrLCl[O WlllEl;

00 NOT ALLOW ORIVE
SWI T(.H Ofr? [NAUlE SWlTClt TO

JRIVE !lWR SW NF REMAIN IN "Off"
DRIVE ENABLE SW POSITION WHIL[

OfF SWITCH IHG.

"'cp
DECOUPLE !otiHL OR rUlL POWER

TO AFFECTED MOTOR
WILL RESuLT.

~. ~RI vE ENABlE
SWITCHES W
PWH 1 p"" 2 FAILURE

YES
A.HPS HORHAL1

t
i!:J

ItO p,," SELECT
SwtrCH - P,,", 1

ep
'. ~IU vi LNAALl ~
SWITOII~ (4) - PWH I fAILUREI'''': 7

YTS
Mr'i NORMAl1

J
~
p~ SELECT
sw - r~ 2

,.
SYMPTOM PROClOtJRE REMARKS

Mission

TABLE 3-2. ~LrlJ~CTI{)P( LOGIC now DIAGRAM (COHTlHUEO)

J Ouic o.te 12/4/10 Ch.nge Olile 4/19/11
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LUNAR ROVING VEHICLE
OPERATIONS 11ANDBODK

SYMPTOM PR(lClDURl RHIARKS

9
4 '(Q~TI'WED)

I!.!.J ~OR PWP SW (41 - OPEN [M DRIVEALTERIIATE YES
MOTOR POWERPOS tTl ON
CIRCUITRY FOR
ONE BUS

AMPS NORMAL?

'.!.J
NO PROBABLE OPEN

IN DRIVE toUTQR
P(lWER CIRCUITRY

~
~

..w ~- D~ rWR SW (4) •
en, rmN (JACK
TO ORlrolNAL

ArnCTED ~EEL: CONTINUE MISSION POSITION ONE Al
• CRIVE PWR SW - I()NITOR AI1'-HOI!R A liME 10

Off READINGS. ISOLATE MOTOR
_ DRIVE ENABLE SW R[CONfIGURE fOR NOT DRAWl NG NoIPS

~ OFF BATTERY LOAD
- DECOUPLE WHEEL SHARING AS

~REQUIRED
FA[LEO Jo()TOR

r ISOlATED?,
ns

5 KD
~ rrr 10 REDUCE REOUIRED

fORCE, STRAIGHTENfRONl (REAR MI[[LS
fORWARO(REARI OSS OF fORWARD WHEELS BY PUSIHNr. ON00 NOT RESPOND TO.... STEERING SWITCH - YES (P.EAR) REDUNDANT WHlEl WITH SMALLERHAtIO COIHROll[R
Al TERNATE SlEERINC; CiRCUIT TURNING ANGLE. (I.E.STEERING COMMANDS
POSITION If WHEELS AilE TURNEO_.

TO III [,tiT, PUSH ON l£Fl
~'H[[L 10 STIlAIGtlllN).

00 FRONT (REAR) • HAND TOOL PRY
~[[lS RESPOND FORCE !'VIY BE
TO HAND

W REQUIR[D
CONTROLLER? NO - SIMULTANEOUS PULL

rORC[ MAY BE
FORWARD (REAli) REQUIRED ON
STEERING INOP DECOUPlING RING

DEGRADED OPERATIOfl .

~ CD
STEERH/G RADIUS IN~

C!lEASED I N ACCORDANCE
WITH APPENDIX A

~
fORWARD (REAR)
STEERING SWITCH .
Off
- DECOUPLE FWD

(REAR) STEERING
. CENTER 1. LOCK

FWD 'REAR)
WHEELS

\YMrln~ 1'1l0CLUlINl RlMIlIli":~,

I"nL£ ).j:l, lll"UlfHCTlON lOGIC now OI"GRAM (CIl"IINUlIJl
tli\\jnll _..;c 'I.\11: OHe 121~110 (;htlngo lJdlt' 4/19/71 I'M]t' J.!i



lSOO6 -(l(12 -211
Ll.'"AA ROYING YEHICLE
OPE RAT IONS HANDBOOK

~Y"F'Tl)lI PROCEOURE IIE1'!AR~~

• lD N N{1l otllllW 1\f\1\'t

~
~

1I ENARll SWI Tnt 1ll
ONE \lP !lORE

p~ ~ OUTPU~
RE"AIN IN Ol"l

Wl'f[[lS cRlvE .. SlOP lRv.DRIVE
CIllCUITRY OR POSITION wttlll

WHat" IN HIABlE SW (4) -
DRI VE (flABL[ SWITCHING. OR rLlLl

NeuTRAL .'" 1 YES S\o,'ITCH rAllUR[ POWER TO AHECHO
I{)TOR WILL RESULT

:RACTI~ DRIVE
NDR,..All

~ Ir O[COUPlEO WHEEL
IS RR. SPE[(· MlTER

110 WILL ~OT r~~lTIDN

ORlvr AND BRA~ING

~-I V[ EHABLE ~
I;.J IN ACC\JROANCE WIt

PWM 1 OU1PUI APPENDIX A
SW (4) _ PIoM ~

C1RWI HY 011
f£S OR: vt UlAlJll

TRACTION DRIVE S)lITOI HllIlRE
NORMAl 1 ~

NO

~
DRIVE PwR SW (4)-
orr. THEN BACK 1
ORIGINAL P051TI0
ONE AT A TIME TO
ISOLAn ABHORPW..
WHEEL

~

YES
DR IVE. CON TIIOL
ELECTRONICS

ONL Y ONE WHEIL FI\ILURE
ArFECTEOl

110 t
CD- ~rL(1LO WH[ll:~

- DRIVE PWR ~W -
orr

ONRAll LRV By - DRIVl [NAmE ~

w(LEM ING RRAKE • 01'1
HOMLNTARILY TO - UlCOUPlE W1llll
fl[U'l'AAi TO DOTAl
SPHn tNO IH(N
RlluRN I T TO
BRtl'[ IN A (YCLI
HAHNER

SYMI'TUM rROCl ullin II/MAin::.

"Iulon

"lBl L ]-2. I"AlrllNCTlo,r LOGIC now DIAGRAM ICONTlNUIU)
J 8ulc Utle 4/19/11 Ch,nge D,le 12/4/10
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lUHAR AOVING VEHiCLE
OPEAATIOHS HAH0800K

SYMPTOH PROCEDURE REMARKS

,
lOSS r.r DRIVE ~ r-<D
rRO~ (lNL tlR lWO Arr[(HD WH[[LS: CDWH([LS(COMHANOEO .. DkIVE (NASLE SW
ACCEU-A1I110K • ALHRNAH 1 DO NOT AllOW DRIVE
ABNOR1'1All Y lOW) POSITION ENABLE SWITClt TO

REMAIN IN OFr
ItS

r'lo'4 CIRCUITRY POSITION WHIt[
WH[[l DRIVE OR O;I\'E [N"aLE SWI1CHING OR FUll
OPERABLE? SWITCH fAllIlRE POWEP. TO AH[cTEO

MOTOR Will RESULT

lNO (1)

~rEC1EO WHEEl{S ~ Ir DECOUPlEO WHHL IS

ORIVE PWR RA, SP[[D INDiCATOR
DRIVE POWER SW •

CIRCUITRY WILL NOT FUNCTION
At. TERNATE
POSITION FAILURE OIHV[ AUD BRAKING IN

ACCORDANCE WI TH
APPENOI.I A

YES
WlH II ORI VE I...JOPERAOl£1 NO

DRIVE SYSTEM FOR
MFECTED wtr[[l
INOP

lev
~

ArF[CHO WIlEEL:
ORIV[ POWER OFF
DIU VE (NABLE OFr
Q[COUPlE '!fi[(l

SYMPTn/" PROCEDURE RlHARKS

lASll ]·2. MALFU'tcTlOf( lOGIC FLOW DIAGRAM (CONTINUlD)

Mission __--',''-_ OHic o.te 4!l9/71 Ch<lnqt O.u 12/4/70
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LUNAR ROVING VEHICLE
OPERATIONS HAN0800~

S... ~ 71»- fROCEDL'lU I;U'~I;,,~

8 cp
COI1'1ANDED

1!,~P LRy, DRIVEV[HICLE SPEED
ABNORMALLY HIGH

f--
lNABLI SW (4) •

(SPEED NOT , .... 1 CDVARIABLE ON ONE
O:f MORE WHEELS} !..J [Xl NOT ALLOW OR I VE

PWl42 CIRCUITRY ENABLE. SWITCH TO
ns Ok DRIVE ENABLE REMAIN IN OFF

HlACTIOH ORIVE SWITCH FA;LURE
PtiSITIQN WHILE

NORHflL 1 SWITCHING, OR FULL
POWER TO AFFECTED

N0 <f Mr.TOR WI LL RESULT

OUT ION SHOULD

JJ 4
AE lAWI SINCE
V£H1 fU HAY llNO

IWI yl lNAL:ll
P\oI'\ : CI RCUITRY

Tn ACC'LERATf TO
SW (01) • I'","" 2 MAX SPllO I r

OR ORlyl ENABLE SllfClEO PWH 1\
TRACTION DRIVE. VEl Si:lITCk FAILURE DEFECT IyE
NORHAl?

NO

2...J
DRIYE. PWR SW (4)-
OFF. THE.N BACK TO
ORIGINAL POSITION
ONE. AT A TIME TO
ISOLATE ABNORMAL

~~m
DRiVE CONTROL

YES
ELECTRONICS

ONLY ONE WHEEL
FAILURE

AFFI.CTEO?

• CD 0)
NO

~rECTED W't1[[L; " D£COUPLEO ~[[L

IS RR. Sr[[O METCR

~lRATl LRV BY

_ ORlvE. PWIl SW • WILL NOT FUNCTION
Off

ACTUATING TI [ _ DRIVE ENABLE SW DRIYE AND BRAKING IN

llANO CONTROLLER
_ orf ACCOROAH([ WITH

HUlOTTll _ DlCQUPLl WHEEL AI'PENOI X A
I'OMlNTARIL Y TO
rORWft,RO TO
OB1AtN SPEED AND
THEN RETURN It
HI rlEUTRAl OR
BRAK[ IPI A
CYCLIC MANN[R

WMPln", PROCEDURE. RlMMIK~

Mission

TABLE 3-2. HALfUNC1 ION LOGIC FLOW O/Ar.RAM (ClliTINUEO)
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SLCTION 4

AUXILIARY EQUIPMENT

4.0 INTRODUCTION

This section contains the LRV and lG Trainer auxiliary equipment which includes
provisions for transporting miscellaneous equipment for support of lunar act
ivities including experiments. cOrl111unications and photograph.

4.1 FORWARD CIIASS IS PAYLOAU PROV ISIONS

The forward chassis contains the equipment necessary to transport the LCRU,
the high gain an~enna, and the ground controlled television camera assembly
(GCTA) .

4.1 . I LUllar Co",",unications Relay Unit (LCRU)

The LCRU is mounted in the two inboard receptacles on the forward chassis
fnrv"i"rd fr(lllle 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
befnre 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 Ahtenna and GCTA

The high g"ill antenna is secured to the left 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 CIIASSIS PAYLOAD PROVISIONS

The (ClIll'l' clh\5Sis hllS provisions to curry auxiliary equiplllent on the inLoard
lldllullnlds. under tilL' crew seetls llllU on the chassis floor.

4. ~. I Inboaru Iiandl101d Payloau Receptacle

lh" inboard h,lnuholds are provided with receptacles for supporting the lL "'"
Uat" Acquisition Camera and low gain antenna as shown in figure 4-4.

4.2.2 Under-Seat Stowage

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

Ml~~lun J __ Casic D"te __12...;/_4_/_7_0_ Change Date 4/19/71
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GROUND CONTROL
TELEVISION ASSEf,IGLY-\
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~Jht:y

CONNECTION ,
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-.........
LCRU ___

FIGURE 4-1. LCRU. HIGH GAIN ANTENNA. TV CAMERA 116TALLATlON
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r,CTA POWER CONNECTOR

. --- ...

CAGLE TIE-DOWN STRAPS ~

"--- LCRU CONNECTOR

'----LCRU/TV/LRV CABLE

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

LRV AUX III ARY CONNLClUll/
LCRU CADLE POWER CONNLL IUI~

JI"" :,~ 1un----- Gosic Dote 12/4/70 CnanQl' Date _~4:...11;.,,:9~/.;.7.;.1__ '''9'' 4-3



LS006-002-2H
lLIN';": j."CI:"';~ 'i:~lJ!:I.?

OPERATIONS HANOBOOK

---._--------

VELCRO LOOP ON LRV

CABLE CLIP ON LRV
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._-----------

__-- LOW GAIN ANTENNA
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SETTING AND RELEASE. STAFF
LOCKS IN LAST POSITION.

LRV INBOARD
IIANDHDLD
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16 MM DATA ACQUISITION
CAMERA

PUSH BUTTON TO
RELEASE AND/OR
REMOVE STAFF
FROM HANDHOLD

o

"

FIGURE 4-4. lb MM DAC AND LOW GAIN
ANTENNA INSTALLATION
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(C0ntinned)

lile l\'/o lJ(l~JS are idl--'ntic.ll dilL! rtre of the confiyuratloll shm'lIl ill figure 4-b.
111e fon;""d enJ uf e~cll baU is secureJ to the seat support frame. The bags
are automatically erected to the useable position when the seat support frarlles
are raised during LRV activation. The aft ends of the bags are held in place
bv springs attached tn the rear member of the center chassis and byattachrrer.t.
to cross rnt:ml..er on the ,e~t back.
During operations, access to the stowage bags is gained by raising the seat off
the seat support which exposes the enti re bag and contents.

4.2.3 Floor Payload Stowage

,ihen 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
tile seat in the operational stowage position shown in figure 4~. 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
5tOh'a ge area.

4.2.4 Back-of-Seat Payload Stowage

Tile nuddy SLSS umbilical is carried in a bag attached to the back of the L~V

right seat. Specific interface is shown in figure 4-7.

4.3 REAR CHASSIS PAYLOAD PROVISIONS

Payload stowage provisions for the rear chassis are shown in figures 4-8 and 4-9.
The L11 and Rfl adapters and pallet support posts are installed on the LRV before
launch, arriving on the lunar surface in the configuration shown in figure 4-8.
The nayload pallet which interfaces with the adapters and support posts is stowe"
in LM Quadrant III, and arrives on the lunar surface with payload items alreacv
installed 0n the pallet. The crew removes the pallet from Quadrant III and in
stalls the pallet, with attached payload, onto the support post and adapters Oil

the LRV.

.~. l{; Trainer Note .*.
Thr re,lr CI1(15Sis pilyload adaptC'rs for the H:'
Trainer wi II all"", identical astronaut functions
to he perfonllcd, but the configuration of the
adarters is not exactly identical to the LRV
adapters.

Ml~~IUn J _ Gas i c Ua te 12/4/70 Cnanqe Da te 4/19/71. __ 'uge ~6



LS006-002-2H
LUNhK ROV;~G VEHICLE
OPERATIONS HANDBOOK

(-~IOWlD POSlrION~~~I
or UAG AND ~~~

~~UPPORr '- ~~ \) '--,.-k1 CONTROL &DISPLAY
CONSOLE SUPPORT

A----'_ SPR I NG

/
/

/
/

/
/

I /

1/

STRAPS Al TACIIED
, , TO CROSS MEMUER

~ i- -:)1 =l-~~0:N~SEAT BACI:" ,
- - 'I I

~ ,_ I I

--, '.' "
.- _II \ l 1'-: 1\ --.J _

_ _ _l_ t~:.:

--

NOTE: SIMILAR BAG IS PROVIDED
UNDER RIGHT SEAT

FIGURE 4-5 UNDER-SEAT STOWAGL BAG (LEFT SEAT)
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BSLSS SUPPORT STRAP

[f~:T"1,:::> PUll. T/\0.._..... I~L-+~ (PULL TAB 10 RELlASE

~
= t~ '"r~' STRAP FROM PLSS
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lNV PASSENGER SEAT
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~e-----
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FIGURE 4-7. BUOOY SLSS INSTALLATION
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FIGURE 4-0 LRV REAR PAYLOAD PALLET ADAPTERS
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SECTION 5

OPERATING LIMITATIONS

IfITRlJOUC1 IUN

This section contains the LIN operating lilllitations.

5.1 PAYLOAD LIMITATIONS

The LRV is designed for lunar operation a total payload 0' 970 pounds ecrth weight
distributed as defincd by the LRV to Stowed Payload Interface r.ontr·ol Document,
13M07391. Loading :he LRV beyond the 970 pound limit will cause the structural
fa. tor of safety to be lessened below Ule 1.5 design case.

The allowable center of gravity location for the total LRV, including payload,
is shown in Fi9ure 5-1. Loading the LRV such that the center of gravity falls
outside the defined envelope will cause degradation of performance, including:

~. Possible steering discontinuity
b. Possihle traction drive discontinuity
c. Possible periods of instability

***lG TRAINER NOTE***

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

5.2 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 limits will result in display and control component overheating
or LCRU overheating. There are no orientation constraints imposed on short
term parking during EVA's.

***lG TRAINER NOTE***

There are no parking limitations for the lG Trainer.

~.3 SORTIL LIMITATIONS

The LIlY is desi~ned for EVA's of G hours duration. The thenna] design is based
on 3 hnurs of 1II0bility operation in the 6-hour LVA, with the' navigation systclII
and ulIltrnls ~nd displdys remaining on during the entire 6-hour LVA. lJper~tion of
the vchicle beyond these time durations will cause thenl.al limits to oe exceeded.

The LRV is designed for continuous operation in shadows for not more than 2 hours
due to temperature limits on the Control and Display components. See Appendix A
fo.' temperature ri se and cool down times.

Ml~~lon J _ Gasic Date 12/4/70 Change Date __~4~/~1~9/~7~1 ~?uge 5-1
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FIGURE 5-2. PARKING ORILNTATION CONSTRAINTS
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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 three minutes
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. After two minutes on, the
switch must be keot OFF for a minimum of five minutes to prevent
damage to the gyro torqulng motor.

c. The navigation input voltage must not be allowed to be less than
30 VDC to prevent excessive computation and display errors and to
prevent damage to navigation equipment if the under-voltage situa
tion is prolonged. Therefore, it is imperative that the NAV POWER
circuit breaker be open if the VOLTS indicator indicates less than
60. The VOLTS indicator should be checked periodically (at least
each 15 minutes) to verify readings of not less than 60.

Mission J 12/4/70 Change Date 4/19/71 Page~
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SECTION 6

OPERATlIlG TIMELINES

INTROOUCT IUil

This section defincs thc dpproximate times for performing LRV functions on the
lunar surface and 16 Traillcr functions on earth.

--*lG TRAINER NOTE--·

Timelines fnr IG T'·ainer operation are identical to
those shown In,· LRV lunar surface opp.rations cxcept
for traction drive decnupling and steerin9 decoupling.

Included in this scclinn are timelines for:

Fi gu re 6 - 1
6-2
6-3
6-4
6-S
6-6
6-7
6-8
6-9
6-10 
6-11 -

LRV Deployment
Post-Deployment Checkout
Pre-Sortie Checkout and Prepara~ ien
Post-Sortie Shutdown
Nevigation Update
Traction Drive Decoupling
Steering Decoupling
Rear Steering Recoupling
lG Trainer Battery Changeout
lG Trainer Traction Drive Decoupling
lG Trainer Steering Decoupling

JMl~~l(jn----- Gasic D~te 12/4/70 Change Date __4:.t./.,:1..;;9J,./.:..7.:..1__:'oge 6-1
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l
PULL VELCRO TAPE LOOSE FROM LEFT TRIPOD ANO REMOVE INSULATION FROM
AROUND LEFT LOWER SUPPORT ARM.

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

RELEASE DEPLOYMENT CABLE; DEPLOY FULL LENGTH OF CABLE AT 45° ANGLE
FROM QUAD I TOWARD DESCENT LADDER.

PULL VELCRO TAPE LOOSE FRn~ RIGHT TRIPOD AND REMOVE INSULATION
FROM AROUND RIGHT LOWER SUPPORT ARM. PULL INSULATION BLANKET
LOOSE FROM VELCRO ON LOWER END OF LRV CENTER CHASSIS.

RELEASE DOUBLE BRAKED REEL DEPLOYMENT TAPE FROM NYLON BAG
ATTACHED TO RIGHT LOWER SUPPORT ARM; DRAPE TAPE OVER
CONVENIENT PROTRUSION.

VISUALLY INSPECT BOTH LOWER SUPPORT ARMS.

ASCEND TO LM PLATFORM TO DEPLOY LRV; OTHER CREWMAN GRASPS
DEPLOYMENT CABLE AND MOIIITOR DEPLOYMENT.

THAT LRV MOVED OUTWARD FROM LM ABOUT 4°.

l
CREWMAN DESCENDS LM LADDER AND RETRIVES DOUBLE BRAKED
REEL TAPE AT RIGHT SIDE OF VEHICLE.

~ PULL TAPE FROM DOUBLE BRAKED REEL; VERIFY THAT
LRV ROTATES OliTWAP.D FROM LM AND CAM FITTING
ENGAGE LOWER SUPPORT ARMS. CONTlIiUE 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 AND HAS
RETURNED TO THE 35° POSITIOH.

FIGLIRE 6-1 LRV DEPLOYMENT TlMELlNE

(.1 MIN)

(.2 MiN)

(.2MIN)

(.2 Mill)

(.2 MIN)

(.1 MIN)

(.2 MIN)

(.2 MIN)

(.2 MIN)

(.5 MiN)
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LS006 -002 -2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

COIHINUE PULLING TAPE FROM DOUBLE BRAKED REEL UNTIL AFT WHEELS CONTACT (2.0 MIN)
LUI~AR SURFACE. VERIFY THAT THE AFT WHEELS SLIDE ALONG THE LUNAR SURFACE,
AS THE CREWMAN PULLS THE TP.PE, UNTIL THE CENTER CHASSIS LI FTS OFF THE
LOWER STRUT ARMS AND THE FORWARD CHASSIS UNFOLDS AND LOCKS INTO POSITION.
VERIFY THAT THE FORWARD WHEELS HAVE UNFOLDED AND THE TETHERED "HEEL
SIRUT~ HAVE FALLEN FREE. C.ONTINUE TO PULL THE TAPE UNTIL THE DOUBLE
BRAKED REEL CABLES ARE SLACK.

STOW DOUBLE r.RAKEO REEL TAPE OUT OF WORK AREA; RELEASE OUTER BRAKED
REEL CABLE AT RR OF CENTER CHASSIS A~D STOW OUT OF WORK AREA.

RELEASE OUTER BRAKED REEL CABLE AT LR OF CENTER CHASSIS AND STOW
OUT OF WORK AREA.

(.2 MIN)

(.1 MIN)

RET~IEVE AND PULL TAPE OF CENTER BRAKED REEL UNTIL THE FORWARD
EIID OF THE LRV CONTACTS THE LUNAR SURFACE. STOW TAPE FROM
CENTER ORAKED REEL OUT OF WORK AREA.

(2.0 MIN)

1
0THER CREWMAN TO RELEASE DEPLOYMENT CABLE AND STOW OUT OF
WORK AREA.

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

OEPLOY RF FENOER EXTENSION.

REMOVE PI~S 9 AND 10 AND TOSS CLEAR OF WORK AREA.

GRASP APEX OF TRIPOD WITH RIGHT rAND AND PULL PIN 11.

DISCARD TRIPOD MAIN MEMBERS CLEAR OF DEPLOYMENT AREA.

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

INSERT RIGHT TRIPOD CENTER MEMBER IN FRAME FOR
TOEHOLD.

FIGURE 6-1 LIlV DEPLOYMENT TIMELINE (CONTINUED)

(.2 MIN)

(.2 MIN)

(.1 MIN)

(.2 MIN)

(.l MIN)

(.1 MIN)

(.2 MIN)

(.1 MIN)
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LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

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

PULL AND TURN C/O CONSOLE LATCH P13. 90· CWo WHEN CONSOLE DEPLOYS. (.1 MIN)
RAI~E INBOARD HANDHOLDS AND LOCK IN OPERATIONAL POSITION. ROTATE P13
90· CW AI;D VERIFY CONSOLE LOCKED IN POSITION

RELEASE RIGHT SEAT BELT FROM STOWAGE POSITION AND STOW IN TEMPORARY (.1 MIN)
LOCATION.

GI~ASP FRONT OF RIGHT SEAT FRAME AND LIFT TO STABLE OVERCENTER POSI- (.1 ~lIN)

TION AND ERECT RIGHT SEAT FRONT LEGS. VERIFY SEAT STOWAGE BAG ERECTS.

PULL SEAT PAtl FRAME UP AND POSITION ENDS OF FRAME UNDER BACK REST (.1 MIN)
SliPPORT ~IEMBER LOWER SEAT FRAME TO ENGAGE FRONT LEGS AND VERI FY
LATCHEO.

VERIFY RIGHT REAR HINGE LATCHED. (.1 MIN)

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

DEPLOY RIGHT PEAR FENDER EXTENSION. (.1 MIN)

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

RELEASE INBOARD HANDHOLD VELCRO TIEDOWN STRAP. (.1 MIN)

RELEASE LEFT SEAT BELT FROM STOWAGE POSITION AND STOW IN (.1 MIN)
TEMPORARY LOCATION.

GRASP J'RONT OF U.FT SEAT FRAME .J LIFT - ;TABLE OVERCENTER (.1 MIN)
POSITION AND ERECT LEFT SEAT FRC'- LEGS ~RIFY SEAT STOWAGE
BAG mECTS.

FIGURE 6-1 LRV DEPLOYMENT TI~,_dNE (CONTINUED)

J
----------~~-- --
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LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

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 ~ IN)

FOLD INBOARD ARMREST DOWN. (.1 "IIII)

SUPPORT CONSOLE WITH LEFT HAND: GRASP C/O CONSOLE PANEL '7" HANDLE (.1 Mill)
P7, TURN 90° CW TO LOCKED POSITION.

ROTATE INBOARD HANDHOLD TO LOCKED POSITION WHILE ROTATING CONSOLE (.1 filII)
nOWNI/ARD WITH LEFT HAND.

ROTATE T-HAtIDLE P7 90° CW AND FOL.D FLUSH WITH CONSDL.E BOX AND (.1 '·Ii II)
SeCURE INTO POSITIOfl WITP VELCRO STRAP.

REMOVE ATTITUDE INDICATOR LOCK PIN AND DISCARD. (.1 ~IIII)

REMOVE C&W FLAG L.OCK PIN AND DISCARD. (.1 MIll)

PUL.L. PINS P3 AND 4 AND TOSS CLEAR OF WORK AREA. (.1 "1111)

G~ASP TRIPOD APEX WITH LEFT HAND AND PULL PIN P5; DISCARD PIN (.1 MIN)
PO AND TRIPOD MAIN MEMBERS.

GRASP iRIPOD CENTER MEMBER IN LEFT HAND; PULL. PIN P6 AND (.2 1·1lt1)
DISCARD.

USE HOOKED END OF SHORT TRIPOD MEMBER T0 PULL CABLE P2 AND (.1 MIN)
VERIFY THAT TELESCOPING RODS SADDLE FALLS AWAY.

I~SERT TRIPOD CENTER MEMBEr I~ LRV FRAME FOR TOEHOLD. (. 1 ~lrrn

RELEASE LEFT FOOTREST RESTRAINT DEVICE AND ERECT LEFT (.1 1-1I11)
FOOTREST AND VERIFY LATCHED POSITION.

FIGURE 6-1 LRV DEPLOYMENT TIMELINE (CONTINUED)

Mission __J Basic Date 12/4/70 Change Date 4/19/71 Page 6-0
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OPERATIONS HANDBOOK

1~r;VE TO LEFT FRONT IIIlIGF ARE~ A1W VERIFY LEFT FRONT IIIlIGE LATCHED.

DEPLOY LEFT FRONT FENDER E\TENSION.

Ii SPErT MID VERIFY r.fiTTFf"." 110. 1 AND SPU DUST (OVERS ARE CLOSED
ArlO SECURED.

vrRlrv H·AT THE rORI·;ARD STEERING DECOUPLING RIlIG SEAL HAS NOT BEEN
RRnKElj.

I"~VE TO RIGIIT <IDE or ':c"lrLE AND VERIFY TIIAT BATTERY NO.2 DUST
COVEP IS CLOSEn AND ~ErilRED.

,\1 RICIIT Sllll~ or VFHICI L l:nTATE "T" HANDLE P13 goo CW Arm FOLD
"T" hANDLE FLUSH wITH C('NSOLE BOX AIW SECURE.

II'V DEPLOYfll1. T CDI,Wi I. Fe.

TOTft!. TII~E 11.0 1"1 NUTES

FIGURE 6-1. LRV llLPLOYf·IUlT TlflEllNE (CONTII.UED)

--- - ---

(.1 MIN)

(.1 MIN)

(.1 MIN)

( . 1 ,., IN)

(.2 ~IIN)

(.2 MIN)

f·1 i '.,'; 1on J 12/~/70 Change Date 4/19/71 Page 6-6



RELEASE PARKING BRAKE AND DRIVE FORWARD TO
MESA PARKING AREA FOR EQUIPMENT LOADING.
VERIFY THAT THE VEHICLE RESPONDS TO HAND CON
TROLLER COMMANDS FOR LEFT AND RIGHT STEERING,
SPEED CONTROL, BRAKING AND THAT ALL FOUR WHEELS
ARE ROTATING (NOT SLIDING).

LS006-002 -211
LUNAR ROVING VEHICLL

OPERATIONS HANOBOOK

1
INGRESS LRV AND FASTEN SEAT BELT, AND VERIFY HAND CONTROLLER IN PARKING
BRAKE POSITION.

VERIFY SWITCHES AND CIRCUIT BREAKERS IN PRE-LAUNCH POSITIONS.

CLOSE BUS A, BUS B, BUS C, BUS D CIRCUIT BREAKERS.

SET BATTERY SWITCH TO VOLTS X 1/2 AND REPORT VOLTS INDICATED.

SET BATTERY SWITCH TO AMPS, CLOSE THE + 15 DC PRIM CIRCUIT
BREAKER, CLOSE STEERING FORWARD AND RE~ 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 DC SWITCHES TO SEC.

SET STEERING FORWARD SWITCH TO BUS C, SET STEERING REAR ,
SWITCH TO BUS B, SET FRONT DRIVE POWER SWITCHES TO BUS C,
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
TIONS AND TO VERIFY THAT DRIVE MOTORS AND STEERING MOTORS
ARE WORKING.

~ RECEIVE CLEAR SIGNAL FROM OTHER CREWMAN, RELEASE PARKING }
BRAKE AND BACK LRV CLEAR OF LM, STOP LRV AND SET PARKING
BRAKE. RESET REVERSE INHIBIT SWITCH TO DOWN POSITION.

t
)

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

FIGURE 6-2. LRV POST DEPLOYMENT CHECKOUT TIMELINE

(.2 ~IlN)

( .2 MI N)

(.lr~IN)

(.lM!N)

(.3 ~IN)

(.1 Mun

(.1 WN)

(.4 ~llN)

(1.0 ~IlN)

(.lM!N)

Mission J Basic Date
------'--
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Lsn06-002-2H
LU~AR ROVING VEHICLE

OPERATIONS HANDBOOK

.....

~ SIII'T DD'Ail LRV POWER Mil; v' ,i!,Y TIIAT THE HAND CDNTR\lLLLR IS I1~ THE PARKING I

I
URM;" rO:iilOr~, THAi TIlL II,u:n ArlO REAR DRlVE POWER SWITCHES ARE OFF, THAT \(,2 t~IN)
THE FORWARD AND REAr C,Tt]"".!II,", SWITCHES ARE OFF, THAT THE + 15 VDC SWITCH
is OFF AND THAT THE 'Irw P'lWER CIRCUIT BREAKER IS OP'I.. -

l~ RELEASE AND STOW ,rAT rrLT: EGRESS VEHICLE.

(iOrAL TIME 3,1 MIN.)

FIGURE b-". LRV 1'1,;; DEPLOYMENT CHECKOUT T1HLLlNE
(milT INUED)

------_.
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LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

I
PERFORM VISUAL INSPECTION TO VERIFY THAT THE BATTERY AND SPU DUST COVERS }
ARE CLOSED. (.1 MIN)

~~lLOAD LRV WITH EQUIPMENT SELECTED FOR SORTIE. (TIME TO BE SUPPLIED BY
NASA/MSC)

LRV DRIVER INGRESS LRV LEFT SEAT AND FASTEN SEAT BELT; VERIFY l
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)

SET BATTERY SWITCH TO VOLTS x 1/2, REPORT VOLTS }
INDICATIOU FOR EACH BATTERY AND RETURN BATTERY SWITCH (.1 MIN)
TO AMPS SETTING.

~ RELEASE PARKING BRAKE AND DRI VE TO LEVEL AREA l.
NEAR THE LM. , (.5 MIN)

DEPLOY SUN SHADOW DEVICE AND VEHICLE ATTITUDE \
INDICATOR TO READ ROLL. PARK WITHIN 3°
OF DOWN SUN (PER SSD), AND LEVEL WITH + 60 (.2 MIN)
ROLL. THEN SET BRAKE. -

REPORT THE SUN AZIMUTH ANGLE, AND PITCH AND }
ROLL ANGLES. FOLD SSD. (.2 MIN)

PULL SYSTEM RESET SWITCH FROM DETENT AND MOVEl
TO RESET POSITION. RETURN TO OFF. \(.1 MIN)

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

O 4/1 9/71 Page 6·9Mission __J__ Basic Date 12/4/70 Change ate ~~'-'-'--



LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

FOLD VEHICLE ATTITUDL INDICATOR TO DRIVE POSITION.

VERi,Y THAT BEARli,r.. Q\STANCE. AND RANGE INDICATORS ARE ZERO; THEN l
RETURN SYSTEM RESET SWITCH TD OFF POSITION. l

(.lMIN)

(.l~llN)

:...,~ RECEIVE CORHI r.Tt:D IIEADING FROM MCC. PULL GYRO TORQUING SWITCH 1
FRO~1 DEWIT {,NO OPERATE TO CORRECT HEADING INDICATION; THEN \ (.8 MIN)
TURN GYRO TORQU IIIG SWITCH TO OFF.

REPORT RATTERY AND DRIVE MOTOR TEMPERATURES.

REPORT BATTERY CURRENT WITH VEHICLE IN MOTION.

. ADVISE IICC TIIAT PRE-SORTIE PREPARATION AND CHECKOUT IS
COMPLETE; REQUEST CLEARANCE FOR SORTIE.

(TOTAL TIME 3.7 MIN. PLUS
EQUIPMENT LOADING TIME)

IIGURE 6-3. PRE-SORTIE CIIECKOUT ANO PREPARATION TIMELINE
(CONTI NUED)

(.lMltl)

(.l~llN)

\ (.1 MIN)

12/ 4/7U 0 t 4/19/71 Page 6-10'Ii,s;on J Basic Date Change a e _"'-'-"-'-------



STOW SEAT BELT. EGRESS LRV.

STOP LRV IN SELECTED PARKING AREA AND PLACE HAND CONTROLLER IN PARKING l
BRAKE POSITION, THRCTTLE IN NEUTRAL. \

LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

RLPGRT BEARING, DIS,ANCE AND RANGE READINGS TO MCC.

REPORT AflP-HR ,'ND VOLTS INDICATIONS FOR EACH BATTERY;
SWITCH TO AMPS SETTING.

REPOIIT BATTERY AND DRIVE MOTOR TEI1PERATURES.

ALI GN HIGH GA 1N ANTErINA.

SET LCRU MODE SWITCH TO TV RMT.

. OPEIl LRV PATTERY ArID SPU DUST COVERS.

TOTAL TIME 2.1 MIN

fIGURE 6-4. POST-SORTIE SHUTDOWN
TIMELINE

SET BATTERY }

(.2 flil1)

(.2 Mlf)

( .2 111 N)

(.21',IN)

( .3 MI~)

(.4fll~)

(.2 111N~

(.1 MIN)

( .3 '-II N)

Mission J Basic Date 12/4/70 Change Date----
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LS006-002-2H
LUNAR ROVI~G VEHICLE
OPERATIONS HANDBOOK

SELECT A LEVEL AREA AND PARK THE LRV HEADING DOWN SUN, AND SET PARKING (.2 MIN)
[!RAKE (PITCH LLSS THAN :t on. DOWN SUN WITHIN:!:. 3°).

DEPLOY ROLL ANGLE DEVICE AND NOTE READING (ROLL LESS THAN 6°). (.1 MIll)

RELAY l RV HEADI NG AND ROLL ANGLE TO MCC. ( .2 MHI)

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 ~\lN)

HEADING AS REQUIRED. RETURN GYRO TOGGLE TO OFF POSITION.

NOTIFY MSFN "LRV READY TO RESUME SORTIE". (.1 MIll)

TOTAL TIME 1.B MIN

FIGURE 0-5. NAVIGATION UPDATE TIMELINE

Ml~~10n J ___ Casic Date 1_2_1_4/_7_0 Cnange Date
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LUNhK ROV;~G VEHICLE
OPERATIONS HANOBOOK

STOP LRV, SET BRAKE.

RELEASE AND STOW SEAT BELT.

(.lMHI)

EGRESS VEHICLE.

REMOVE TOEHOLD.

MOVE TO DEFECTIVE WHEEL DRIVE UNIT.

ENGAGE CONTINGENCY TOOL THROUGH EITHER WHEEL DECOUPLING HOOK.

PULL OUT TO LIMIT OF HOOK TRAVEL AND ROTATE 90 0 COUNTERCLOCK
WISE.

ENGAGE CONTINGENCY TOOL IN OTHER DECOUPLING HOOK, PULL OUT
AND ROTATE.

RE-INSTALL LEFT SIDE TOEHOLD.

***lG TRAINER NOTE***

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

TOTAL TIllE (1.0 MIN)

FIGURE 6-6. LkV TRACTION DRIVE DECOUPLING TIMELINL
(CONTINGENCY OPERATION)

( . 1 t·l1 N)

( . 1 t11 N)

( . Z MI tl)

(.1 t1H1)

( . 1 1·1111 )

(.lMItI)

(.2MIN)
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STOP LRV AND SET BRAKE. TURN DRIVE POWER AND STEERING OFF

RELEASE AND STOW SEAT BELT.

EGRESS VEHICLE.

MOVE TO LEFT FROrlT OR RIGHT REAR DECOUPLING RING LOCATION AS
APPROPRIATE.

PULL STEERING DECOUPLING RING AS APPROPRIATE.

I·IANUALLY STRAI GHTEN WHEELS OF DEFECT! VE DRI VE SYSTEM. MOVEMENT
Of WHEEL MAY BE NECESSAr.y fOR DECOUPLING

***lG TRAINER NOTE***

TIMES ARE IDENTICAL FOR lG TRAINER
SIMULPTED DECOUPLING. (SEE FIGURE
6-10 FOR ACTUAL TIME REQUIRED FOR
TECIINICIAII TO EFFECT DECOUPlING)

TOTAL TIME 1.1 MIN

FIGURE 6-7. LRV STEERING DECOUPLING TIMELINE
(CONTINGENCY OPERATION)

(.2 MIN)

(.1 MIN)

(.2 t11N)

( .2 111N)

(.1 MIN)

(.3 ~IIN)
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STOP LRV AND SET BRAKE. TURN DRIVE POWER AND STEERING OFF

RELEASE AND STOW SEAT BELT

EGRESS VEHICLE

MOVE TO AREA FRONT OF RIGHT REAR FENDER

RELEASE RECOUPLING TOOL TIEDOWN VELCRO STRAP AND REMOVE RECOUPLING
TOOL FROM STOWAGE BLOCK

PULL TAB TO OPEN REAR STEERING SECTOR DUST COVER AND PULL DUST
COVER BACK

PUSH BUTTON ON TOP OF SECTOR GEAR TO RE-ENGAGE GEAR

I/iSERT RECOUPLING TOOL IN TOP OF RAISED AREA ON SECTOR GEAR,
ROTATE TOOL TO ENGAGE LOCK PIN AND LIFT TOOL UNTIL PIN LOCKS
IN RAISED POSITION. REMOVE TOOL.

REPLACE STEERING SECTOR DUST COVER

REPLACE RECOUPLING TOOL IN STOWAGE BLOCK AND SECURE WITH
VELCRO Si RAP.

·<*lG Trainer Note***

RECOUPLI~G OF THE REAR STEERING FOR THE lG
TKAINER WILL BE PERFORMED BY A TECHNICIAN.

TOTAL TIME 1.4 MINUTES

FIGURE 6-8. LRV REAR STEERING RECOUPLING TIMELINE (CONTINGENCY
OPERATION)

(.2MIN)

(.1 MIN)

( .2 MI N)

(.2 MIN)

(.1 MIN)

( . 1 MI N)

(.1 MIN)

(.2 MIN)

(.1 MIN)

(.1 MIN)

--------------=-12-:-/~4-:-/7::-:0:--ch-a-n-ge--::D-at-e--:4--:/~19~/~7-;-1----:P~ag-:-:e:-,6-15
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PLACE HAND CONTROLLER, SWITCHES AND CIRCUIT BREAKERS IN POSITION FOR
BATTERY CHANGEOUT.

DISCONNECT BATTERY #1 CONNECTOR.

~ REMOVE SCREWS FRor~ BATTERY #1 SUPPORT BRACKETS.

LIFT BATTE.RY FREE OF VEHICLE..

~"::~'::~ACEMENT BATTERY IN PLACE ON VEHICLE.

~~~ INSTALL SCREWS THROUGH SUPPORT BRACKETS.

CONNECT BATTERY #1 CONNECTOR.

DISCONNECT BATTERY #2 CONNECTOR.

REMOVE SCREWS FROM BATTERY #2 SUPPORT
BRACKETS.

LIFT BATTERY FREE OF VEHICLE.

~
ET REPLACEMENT BATTERY IN PLACE

ON VEHICLE.

~ INSTALL SCREWS THROUGH
SUPPORT BRACKETS.

CONNECT BATTERY #2
CONNECTOR.

( .3 MJrI)

( . 1 I~ III)

(1.01'1111)

( . I I'll II )

U I~ IN)

(2.01-111'1)

( •1 r~1 N)

( . 1 I~ IN)

( 1.0 ~II N)

( .1 ~lI:n

( . 5 1·11 II)

(2.0 ~IIN)

(.1 MIN)

RECONFIGURE. SWITCHCS
AND CIRCUIT BREAKERS. (.< ~!I N)

TOTAL TIME 8.1 MIN

FIGURE. 6-9. lG TRAINER BATTERY CHANGE OUT

:'11 ~S l(Jn J Ga sic 0" te 12/4/70 Cnange Date 4/19/71 )lJgt: ~b
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~ PERFORM CREW FUNCTIONS OF FIGURE 6-6.

~ REMOVE 6 SCREWS FROM WHEEL HUB ANO REMOVE HUB.

INSERT BLANK HUB IN WHEEL.

(1.0 ~lIN)

(1.5 MIN)

(.l~lIN)

~RE-INSTALL 6 SCREWS IN BLANK HUB.

~NOTIFY CREW TO RESUME OPERATION.

TOTAL TIME 4.7 MIN

(2.0 MIN)

(.1 MIN)

FIGURE 6-10. 1G TRAINER TRACTION DRIVE DECOUPLING TIMELINE

Mission ..J ___ Basic Date 12/4/70 Change Date _....:.4/:.1:.:;9:../7;.;1~_.?"ge ~17
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~ PERFORM CREW FUNCTIONS OF FIGURE 6-7.

~ INSTALL CLAMP ON LEFT STEERING ARM, BUTTED AGAINST CHASSIS
FRAME.

AGAINST CHASSIS FRAME.

NOT! FY CREW TO RESUME OPERATIOIL

TOTAL TIME 2.9 MIN

FIGURE 6-11. 1G TRAINER STEERING DECOU~LING TIMELINE

(.8 MI~)

(1.0 MIN)

(1.0 ~lIN)

( .1 MIN)
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SECTION 7

OPERATING PROFILES

7.1 LRV OPERATING PROFILE

7.1.1 Normal Operating Profile

The LRV is designed for nominal operation in accordance with the profile shown
in figure 7-1 for a lunar surface stay time of 78 hours.

7.1.1.1 Sortie Profile

o 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.

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

o 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".

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

o 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).

o 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).

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

o Driving speed during the sortie will be varied at the crew's discretion. Tile
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.

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

Mlssion J ~ Basic Date 12/4/70 Cnange Date __4...;/_1_9;../_71__," ge 7- I



o
:>

LM
TOUCHDOWN

~ Il[ LRV OEPLOYMENT
::: --~,

b LRV C/O,,

(WITHIN 19 HOURS AFTER LM
TOUCHDOWN)

c...

en
a- "T1

'" -_.
enn c
Xl

0 ,..,
a-.... ...... ,

~

2
N 0..... 3:... -..... 2.... ,..
0 r

0

""....
n

~:>
a- --<:> -<0 2.. en
0 ""..

~...... "T1-r....
I........

'".........
~

c"
<0
~

I~
N

~ STOWED EQUIPMENT LOADING

~NAVIGATION INITIALIZATION,
~ SORTIE 11 (SEE 2.4.1.1 FOR DETAILS)

I

t2l POST -SORTIE SHUTDOWN,,
~~BATTERY COOLDOWN (13 HRS. MAX)

I

I:a PRE-SORTIE PREPS,,
b7Z7J SORTI E 12

I,
I

~ POST-SORTI E SHUTDOWN,
I
I

~7Z7zzzzZ7a BATTERY COOLllOWN (13 HOURS MAX)
I
I

~ PRE-SORTIE PREPS
I
•
!7777ZJ SORTI E 13

I
I

~ POST-SORTI E SHUT OOWN
I

VvZZZZJ BATTERY COOLDOWN (13 HOURS MAX)
I
I

b PRE-SORTIE PREPS
I
I

fzzzZJ SORT IE #4,
I

~ POST-MISSION SECURING OF LRV

or
""c,..,2
Xl :J> r
,.. Xl V>
--< 0_ XlO

o 0'"
2 <: ,
V> -0

7. 0

'" '" N,.. I
2<:N
0 .... '"
",,'"
0
On
""r....



7.1.1.1

LS006-002-2H
LUNAR ROVING VEHICLE
OPERATIONS HANDBOOK

(Continued)

o 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 Profi les

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
assentll.v (motor or hannonic dri vel would be the same as that for normal opera
tion with the following exceptions:

a. The specific traction drive wo'uld be uncoupled to allow "free wheelinn" of
that tracti on dri ve and dri ve power and control to that tracti on dri ve
would be switched off. (Braking for the uncoupled wheel would be lost).

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.

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 nonnal profile with the following exceptions:

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

b. The steering decoupl1ng 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 Awould 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.

Gasic Date 12/4/70 Cnange Da te 4/19/71
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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

7.2.1

lG TRAINER OPERATING PROFILE

Normal lG Trainer Operating Profile

o During the sortie.
navigation system.
of traction drives

The lG 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).

o 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
limitations, 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 lG 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.

stops will be made at periodic intervals to update the
At these stops the crew wi 11 a1so reporf tempera tures

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.

o 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,

IVjl~S10n J _ Gasic Date 12/4/70 Change Date __4~/l.;.;9",,/_7_1__)"ge 7-4
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CONNECTION TO CHASE VEIIICLE POIIER SIJPPLY

OF PROVIDING ENOUGH POIJfR fOR NEXT SOnTl r 1.'1:,

)

I,

(,

6A

..~ S IHlILATEIl I'OST-DEPLOYHFNT mSCONNECT

~l TMINER CHECKOUT

1...'1 STOIIED EQUIP~IENT LOADING

~~ NAVIGATION INITIALIZATION

~rDRIVE TO SCIENCE STOP

~ BATTERY CHANGE-DliT

(IF FULLY CHARGED

II
BATTERIES ARE CAPAIILr

7

')

111

II

Mission' ~J~ _

(IF FULLY CHARGI:D BATTERIES NOT CAPABLE

OF CAPACITY REf)UIRED fOR :lEXT SORTI E LEG)

.., NAVIGATION UPIJATE
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~~ REPEAT OF 6 OR 6A AND 7

'-'.,,, DRIVE TO STARTING POI ~T

l'l ";"'OST - SORTIE SHUT DOliN

1.:... MTTERY RECHARGE

FIGURE 7-2. NOMINAL OPERATING PROFILE FOR lG TRAlULR
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dec.eierrtte to ooserve geologic features, rea.cc~l~r~ltc for ~riV11}Y ~111~1 ... ,t.:'l.:t.';~'
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 decoup1ing. 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 decoupled, the speed
indicator on the console will not function.

3. If two traction drives are decoup1ed, the navigation odometer
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 nonma1 profile with the following exceptions:

•

a.

b.

Power to the disabled steering motor/gear reducer would be switched off.

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.

Mission, J __ 6a sic Da te __1_2_/_4_17_0__ Change Da te _.....;4/~1...;;9.:./~71~__?"ge 7 -6
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SECTION B

1G TRAINER NON-CREW
PROCEDURES

8.0 INTRODUCTION

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

8.1

8.1 .1

GENERAL PROCEDURES

Vi sual Inspection

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

a. Fi ni sh or surface damage
b. Structural integrity of parent materials, welds, and other mechanical

j oi nts
c. Loose fasteners
d. Electrical cable abrasion, fraying, temperature damage, shortil'g, loose

connector
e. Hydraulic line damage
f. Evidence of mechanical interference
g. Oust or debris in suspension and steering joints and bushings
h. Brake, battery, or shock absorber leakage
i. General configuration

Any discrepant item noted during this
i nspecti on mus t be corrected pri or to
vehicle operation.

R.l.2 General Repair

8.1.2.1 Finish or Surface Damage

All 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
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8.1.2.2 (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.)

8.1.2.8 Leakage

Replace leaking component on subassembly - see cleaning.

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 like contamination
with a Freon Degreaser, or equivalent. Battery electrolite (KOH) should be
treated in accordance with specific instructions (Section B.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 4/19/71 Page 8-1C
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a.

b.

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 gO percent. Batteries shouTd 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.

Short Term Storaae. For overnight or other short term storage the vehicle
should be covere ; however, batteries need not be removed. Ambient con
ditions must be within a range of _20°F to +120°F, with relative humidity
less than 100 percent.

B.l .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 Operatir,n
Manual.

Vehicle 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.

Mission J 4/19/71 Page B-ll
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SPECIFIC PROCEOURES

Chassis

Visually inspect in accordance with Section B.1.1. No additional adjustment
or maintenance is required.

8.2.2 Hand Cont ro 11 er

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 requi~d 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 lb. driver seat
245 lb. passenger seat
130 lb. equally distributed over rear

NOTE: If 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.
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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.

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

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

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

g. 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.

h. Repeat the procedure using right side traction drive assemblies.

i. Lock tie rod nuts.

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

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

1. Apply front steering power and electrically zero the steering.

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

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

C~:;:~:~:I:~~)
Interference may occur between the wheel, fender
and steering linkage.

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

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

q. Repeat procedure for rear steering.

--M-iS-s-i-o-n-_-_-_-.:..J===~-B-as-i-c-D-at-e--1-2-/-4/-7-0--C-h-a-n-ge-D-a-t-e-:4/-:-1:-:9:-/::7~1-::Pa-g-e-18-1J



8.2.3.1 (Continued)

LS006-002-2H
LU~AR ROVING VEHICLE

OPERATIONS HANDBOOK

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 Tracti on Dri ve

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:

a. Remove tracti on dri ve blower.
b. Remove filter material.
c. Clean Or wash in water.
d. Dry and re-install.

8.2.4.3 Every 200 Hours of Operation

Re1ubricate 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.

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.
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Steering Proportionality

Hand Controller Degre'es Rotation of Wheel from Neutral Position
,\ ngl ~ LF Wheel HF Whe'el LH Wheel RR Wheel

Right Soft Stop (S. S) 15 26 28 16-1/2

Right H. S. 19 -1/2 49 -1/4 48 21-1/4
Left S. S. 29 17 -1/2 16 26

Left H. S. 48-1/2 21-1/2 21 51-1/2

NOTES: 1. DATA IS FOR REFERENCE ONLY
2. DATA IS FROM lG TRAINER ACCEPTANCE TEST

TABLE B-1 lG TRAINER STEERING OPERATION DATA
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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-assemb1e.

8.2.5 Wheels

Wire wheels or pneumatic tires may be interchanged as sets.

8.2.5.1 Wi re Wheel s

Visually inspect in accordance with Section B.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 B.1.1. Repair. using conventional
commercial tire techniques. For most operations inflate the tire to 30 psig 
approximately 13.9 inch rolling rad1us (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 Whee1 Decoup1i ng

This procedure is for decoup1ing any of the four wheels. Nonfunctional
decoup1ing clips are installed on each wheel for LRV simulation. The actual
decoupling is accomplished by rep1ac1ng drive hubs with blanks.

a. Hand Controller - parking brake position with throttle control in neutral.
b. ORIVE 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 dri ve hub.
g. Obtain a blank "decoupling" hub.
h. Insert the blank hub into the wheel.
i. Ins ta 11 the six screws into the blank hub to secure the hub to the whee1.
j. Notify crew to resume operation.

8.2.6

8.2.6.1

Brakes

Brake Adjustments - Maximum Stopping Effort

a. Install long master cylinder actuating levers on both cylinders and
connect external spr1ngs.

Mission J
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~-------- DRIVE HUB (REPLACED BY BLANK
HUB TO EFFECT WHEEL
DECOUPllNG)

DECOUPLING SIMULATOR
FOR CREW TRAINING
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KEENSERTS (6)

TYPICAL FOR ALL FOUR WHEELS

FIGURE B-9 1G TRAINER WHEEL DECOUPLING
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8.2.6.1 (Continued)

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

b. Connect cable clevis to the top lever holes.

c. 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 pulleys.

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

d. Remove master cylinder covers and verify fluid level.

e. 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.

f. Readjust the clevis(esl the minimum amount necessary for consistent
occurrence of the oil spout.

g. Re-verify fluid level and install the reservoir cover.

h. Braking effort may be verified as follows:

(1) Adapt a 200 ft. lb. 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).

(2) Install adapted cover in place of any existing drive cover.
(3) Remove vehicle weight from the traction drive.
(4) Set the hand controlier to the park position.
(5) Attach torque wrench with 7/8 inch socket to the adapter cover.
(6) Torque with wrench until the wheel rotates· indicated value should

be approximately 195 ft. 1bs.

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

Mission J
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FIGURE B-10 1G TRAINER BRAKE LINKAGE
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Brake Adjustments - Degraded Operation

a. Install long master cylinder actuating levers on both cylinders and
connect external springs. Verify reservoir fluid level.

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

b. Connect cable clevis to the lower lever holes.

c. 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. Continue adjustment, shortening cable length to
maximum amount possible. Maintain corresponding relative
rotational position between pulleys.

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

d. Concurrently adjust the actuation level position (with the clevis) until
no clearance exists between the lever and piston.

e. 8raking effort may be verified as follows:

(1) Adapt a 200 ft. 1b'. capac ity torque wrench to the cente r of a
blank traction drive cover, RTV 20613. (A 5/8 inch diameter high
strength socket head bolt may be used).

(2) Install adapted cover in place of any existing drive cover.
(3) Remove vehicle weight from the traction drive.
(4) Set the hand controller to the park position.
(5) Attach torque wrench with 7/8 inch socket to the adapter cover.
(6) Torque with wrench until the wheel rotates - indicated value should

be approximately 60 ft. lbs.

NOTE: If substantially more torque is measured, install short master
cylinder actuating levers and repeat the procedure.

8.2.7 Steering Unit

No adjustments are required to the steering gearboxes after installation.

8.2.7.1 Clean and Relubricate Steering Gearboxes

This operation should be done at not less than 50 hour or more than 300 hour
intervals. Because of the inaccessibility of the front steering unit, clean
and lubrication procedure should be accomplished, if the front cover pane'
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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 equi va lent.

B.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
pos iti on.

b. Hand Controller - parking brake position with throttle control in neutral.
c. DRI VE POWER Switches (4) - OFF.
d. STEERING Switches - OFF.
e. Obtain two steering arm clamps.

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
B-ll ) .

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.B Dri ve Power

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

8.2. B. 1 Control Electronics

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

8.2.8.2 Drive Controller

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

Mission J
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STEERING PIVOT ARM
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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) DRIVE POWER Switches (4) - OFF.
2) STEERING Switches (2) - OFF.
3) + 15VDC Switch - OFF.

NOTE

lG Trainer Battery #1 is on the right side,
8attery #2 on the left side.

4) If changing out Battery #1, open 8AT 1 8US A and BAT 1 BUS B ci rcuit
breakers. Do not open the BAT 2 circuit breaker or navigation power
will be lost.

5) If changing out Battery #2, open BAT 2 BUS C and BAT 2 BUS 0 circuit
breakers. Do not open the BAT 1 circuit breakers or navigation power
will be los t.

6) 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.

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

8) Remove the four screws from the battery mounting bracket.

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

10) Obtain recharged replacement battery.

11) Set the replacement battery in place with the connector inboard and
the holes in the mounting brackets aligned with the screw receptacles
in the lG Trainer.

12) Instan the four screws, securing the battery to the 1G Trainer.

13) Connect the battery connector to the battery.

O 4/1 9/71 Page 8-23Mission J 8asic Date 12/4/70 Change ate--=--
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POWER SELECTOR SWITCH-

'" MOTOR CONTROLLER
"ASSEMBLY

- BATTlRY
llATTlRY HI CUNNlCTOR

MOTOR CONTROLLER
ASSEMBLY

HANOLl

DUST COVlR SIMULATOR

FIGURE B-12 1G TRAINER BATTERY INSTALLATION

Mission J Basic Date 12/4/70 Change Date 4/19/71 Page B-24
_-:...--



LS006-002-2H
LUNAR ROVING VEHICLE

OPERATIONS HANDBOOK

B.2.B.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.

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

b. When the navigation system may be off:

1)
2)
3)
4)

5)
6)
7)

DRIVE POWER Switches - OFF.
STEERING Switches - OFF.
+ 15 VDC Switch - OFF.
L'i rcuit Breakers BAT 1 BUS A, BAT 1 BUS B, BAT 2 BUS C, BAT 2 SUS D 
Open.
Place power selector switches in OFF position.
Perform step a7 through a14 for both batteries.
Close BAT 1 BUS A, BAT 1 BUS B, BAT 2 BUS C. BAT Z GUS D Circuit
Breakers.

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

8.2.6.4 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.

c. Connect a charging circuit equivalent to Figure B-13.

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

e. Energize 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.

Mission _-::.J__ Basic Date 12/4/70 4/19/71 Page 8-25Change Date
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FIGURE 8-13 1G TRAINER BATTERY CHARGING CIRCUIT
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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.

o. Remove batteries from setup, install closure cover, and secure from test.

8.2.8.5 Precautions for Handling Batteries and Electrolyte

The electrolyte (KOII) 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.

Mission J 12/4/70 Change Date 4/19/71 Page 8-27
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PREVENTIVE MAINTENANCE ASSEMBLY REMOVE AND REPLACE. PROCEDURES

Removal and Replacement of the "Hand Controller"

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

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

c. Remove brake cab1 es.

d. Remove the display console from its base.
by removing the two "T" pivot handle pins
at the rear of the console base.

Remove the console base
and the two clevis pins

e. Uncouple the electrical connections at the base of the hand controller.

f. Remove the four side plate mounting screws.

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

8.3.2 Suspension/Traction Drive - Removal and Installation Procedure

a. Remove weight from wheel by suspending vehicle at lift points, after
measuring ground clearance.

b. Remove wheel disconnect simulator.

c. Remove wheel and fender.

d. Disconnect steering tie rod at steering hinge.

e. Disconnect traction drive cables.

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

Mission J
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8.3.2 (Continued)

g. Loosen torsion bar adj~stment screw - one only.

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

i. 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.

j. Remove top and bottom king pin screws and flat washers.

k. Remove traction drive.

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

m. Remove upper suspension attachment hardware at suspension mounting
brackets.

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

o. Remove suspension anns.

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

q. 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
ba r bracket.

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

r. 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.

Mission J Basic Date--.,.--
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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 loosl'ned in step 8.3,2~,

u. Realign wheels if new traction drive or steering linkage installed.

v. Bleed brakes if lines 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.

d.

e.

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

Disconnect wires (4) from top of fll ters .

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 lifting 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.

JMission Basic Date 12/4/70 Change Date 4/19/71---
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8.3.4 Steering Gearbox Removal and Installation Procedure

a. Remove Drive Power units as described in Section 8.3.3.

b. Remove transverse structural support member RTV21103.

c. Disconnect cables and remove signal processor unit.

NOTE: Thermal controls are hard wired and may require unso1dering.

d. Disconnect cables and remove gyro reference unit with mounting
brackets.

NOTE: Thermal controls are hard wired and may require unsoldering.

e. Detach cables from the front cover panel by removing four screws,
three places for the two battery cables and the signal processor
cable.

f. Detach cable from signal processor mounting bracket, RTV-2ll05, and
remove bracket.

g. Remove simulated hinges, front and rear.

h. Remove front and rear cover pane1s .

i. Disconnect the steering tie rods from the quadrant gear.

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

k. Remove the two gearboxes to isolation, mount bolts.

1. 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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