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INTRODUCTION: THE ULTIMATE
GUIDE TO THE ULTIMATE
OFF‑ROAD VEHICLE

Imagine  being  handed  the  keys  to  a
vehicle  that  was  built  to  operate  in  a
vacuum, at temperatures ranging from
searing heat to deep cold, on a terrain
littered  with  razor‑sharp  rocks  and  fine,
clinging dust. Now imagine being asked

to drive that vehicle at a speed of up to
eight miles per hour, knowing that if you
accidental ly  punctured  a  t ire  or
damaged  a  fender,  there  was  no  tow
truck, no service station, and no spare
parts for a quarter of a million miles. This
was the daily reality for the Apollo 15,
16, and 17 astronauts, and the machine
they  relied  on  was  the  Lunar  Roving
Vehic le  (LRV).  For  enthusiasts ,
historians,  and  space‑nerds  alike,  the
concept  of  a  Lunar  Rover  Owners
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Workshop  Manual  is  irresistibly
tantalizing. It suggests a universe where
the  most  extraordinary  machine  ever
built  is  treated  not  as  a  classified  piece
of hardware, but as a beloved classic car
that you might restore in your garage. In
this  comprehensive  article,  we  will
explore  what  such  a  manual  would
contain, the engineering secrets of the
LRV,  and  how  this  improbable  vehicle
forever  changed  our  relationship  with
the Moon.

THE BIRTH OF THE LUNAR
ROVING VEHICLE

From Concept to

Crater
The dream of a lunar rover predates the
Apollo  program  itself.  Early  NASA
engineers,  and  even  science‑fiction
writers  like  Wernher  von Braun in  the
1950s,  envisioned  tracked  or  wheeled
vehicles  exploring  the  lunar  surface.
However,  the  pressure  of  the  Space
Race meant that  the first  lunar landings
were focused entirely on getting a man
to the surface and back safely.  It  was
only after the success of Apollo 11 and
Apollo  12  that  NASA  felt  confident
enough to consider adding a rover to the
manifest.  The challenge was immense.
The  vehicle  had  to  be  lightweight
enough to fit inside the cramped descent
stage of  the Lunar  Module,  yet  robust
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enough  to  carry  two  astronauts,  their
tools,  and  over  100  pounds  of  lunar
samples  across  dozens  of  miles  of
unexplored terrain. Boeing was awarded
the contract in 1969, and the result was
a masterpiece of compact engineering. If
a  Lunar  Rover  Owners  Workshop
Manual  had  been  drafted  during  this
period,  its  first  chapter  would  have
focused on the extreme constraints  of
mass, volume, and reliability.

Why a Manual
Was Never

Written
Of  course,  no  official  consumer‑style
workshop manual was ever produced for
the  LRV.  The  astronauts  were  trained
using  flight  manuals,  checklists,  and
detailed engineering diagrams. But the
idea  of  a  workshop  manual  resonates
because the LRV was, in many ways, a
remarkably simple and accessible piece
of machinery. It had no steering wheel,
no seats in the traditional sense, and no
enclosed  cabin.  It  was  essentially  a  flat
aluminum chassis  with  four  wire‑mesh
wheels, a set of batteries, and a joystick.
This simplicity was a survival trait. The
fewer parts that could break, the fewer
things the astronauts had to fix. Yet, the
vehicle was far from primitive. It was a
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marvel of material science and electrical
engineering,  and  a  wel l ‑written
workshop manual would reveal just how
clever its designers were.

ENGINEERING MARVELS: WHAT
THE MANUAL WOULD COVER

Chassis and
Bodywork
The LRV was built around a three‑section
aluminum  alloy  frame  that  could  be
folded  for  storage.  The  manual  would
detail the precise alloys used—7075‑T6
aluminum for  the main  structure,  with
titanium fasteners to resist corrosion and
extreme  temperature  cycling.  The
bodywork was minimal: a flat floor pan, a

couple  of  handholds,  and  a  set  of
f e n d e r s  m a d e  f r o m  a  s p e c i a l
thermoplastic.  Those  fenders  were
surprisingly  critical.  Without  them,  the
fine,  electrostatically  charged lunar dust
would  coat  everything,  causing
overheating  and  mechanical  wear.
During  Apollo  17,  astronaut  Harrison
Schmitt  accidentally  broke  off  a  fender
extension.  The  resulting  dust  plume
became so severe that the crew had to
improvise  a  repair  using  duct  tape,
maps, and clamps from a malfunctioning
antenna. A good Lunar Rover Owners
Workshop  Manual  would  include  a
dedicated  section  on  fender  repair,
perhaps  even  suggesting  that  owners
carry  several  rolls  of  high‑temperature
duct tape at all times.
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Wheels and
Suspension
Perhaps the most iconic feature of the
LRV  was  its  wheels.  They  were  not
pneumatic  tires but rather woven wire
mesh,  similar  to  a  flexible  metal  rope
ladder  bent  into  a  circle.  The  manual
would explain that each wheel was made
from  piano  wire,  with  titanium  tread
strips  riveted  to  the  outer  surface  for
traction. The suspension consisted of a
double‑wishbone setup with torsion bars,
designed to absorb the shock of driving
over rocks up to 12 inches high. There
w a s  n o  s h o c k  a b s o r b e r  i n  t h e
conventional  sense—the  torsion  bars
themselves  provided  damping.  The

manual  would  advise  owners  to  check
the tread strips regularly for loosening,
as the constant flexing of the wire could
cause  them  to  work  free.  The  wheel
drive  was  a  pair  of  electric  motors
housed inside each wheel hub, a design
that eliminated the need for drive shafts,
differentials,  or  axles.  This  was  a
direct‑drive  system  that  was  nearly
impossible to repair on the lunar surface,
so  the  manual  would  emphasize
preventative  maintenance  and  careful
driving habits.

Power and
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Drivetrain
Two  36‑volt  silver‑zinc  oxide  batteries
provided the rover’s power. The manual
w o u l d  n o t e  t h a t  t h e s e  w e r e
non‑rechargeable and were designed to
provide  enough  energy  for  a  single,
roughly eight‑hour sortie. The batteries
were thermally insulated and heated to
keep  them  from  freezing  during  the
lunar  night.  A  complete  Lunar  Rover
Owners  Workshop  Manual  would
include  voltage  charts,  temperature
limits, and a strict warning never to drain
the  batteries  below  a  certain  level—if
you  did,  you  might  not  have  enough
power to get back to the Lunar Module.
The  drivetrain  consisted  of  four
independent  electric  motors,  one  per

w h e e l .  E a c h  m o t o r  w a s  a  D C
series‑wound unit that could be switched
between  forward  and  reverse  by  a
simple relay. Speed control was handled
by pulse‑width modulation, a technology
that was cutting‑edge in the late 1960s.
The manual would describe the system
in simple terms: “The joystick controls a
computer that adjusts the power sent to
each  wheel.  Push  forward  to  go,  pull
back to stop or  reverse.  There are no
brakes in the traditional sense—stopping
is  achieved  by  reversing  the  motor
polarity.”

OPERATING THE LUNAR ROVER: A
DRIVER’S GUIDE
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Getting In and
Starting Up
Driving the LRV was unlike anything on
Earth.  There  was  no  ignition  key.
Instead, the astronauts would unfold the
rover,  lower  the  seatbacks,  and  flip  a
series of circuit breakers to connect the
batteries. The manual would instruct the
driver  to  perform  a  pre‑flight  check:
verify  that  the  hand  controller  moved
freely,  check  that  the  navigation  gyro
was  spun  up,  and  confirm  that  the
battery  voltage  was  above  36  volts.
Then, with a press of a button, the rover
was live. The driver did not sit so much
as lean back into a nylon‑webbed seat,
with  feet  placed  on  simple  footrests.

There  was  no  steering  wheel—just  a
T‑shaped  joystick  between  the  two
seats.  Pushing  the  stick  forward
accelerated  the  rover;  pulling  it  back
applied reverse torque. Moving it left or
right turned the front and rear wheels in
opposite directions, allowing the vehicle
to pivot in place. The manual would warn
new  owners  that  the  steering  was
e x t r e m e l y  s e n s i t i v e  a n d  t h a t
over‑correction  at  even  five  miles  per
hour could cause the rover to skid on the
loose dust.

Navigation on a
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Featureless
World
One of the most remarkable systems on
the  LRV  was  its  navigation  computer.
The  manual  would  dedicate  several
pages to explaining how it worked. The
astronauts  had  no  GPS,  no  magnetic
compass  (the  Moon  has  no  global
magnetic  field),  and  no  road  signs.
Instead, the LRV used a gyroscope and
an  odometer  that  measured  wheel
rotations.  The  astronauts  would  set  a
heading  toward  a  known  landmark—a
crater, a mountain, or the Lunar Module
itself—and the computer would display
the distance and direction back to base.
The  manual  would  advise  owners  to

periodically  stop  and  visually  confirm
their position, especially when driving in
areas with few distinguishing features. It
would  also  include  a  troubleshooting
section for the navigation system, with
advice  on  how to  reset  the  gyro  if  it
began to drift. The manual might even
offer  a  cheeky  tip:  “If  the  gyro  fails
altogether, use the Sun as a reference.
The Sun rises in the east and sets in the
west  over  a  two‑week  period.  Drive
toward it in the morning and away from
it in the afternoon.”

Driving Etiquette
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and Safety
A  workshop  manual  for  any  vehicle
includes safety  warnings,  and the LRV
version  would  be  no  exception.  The
number one rule: never drive out of sight
of  the Lunar Module without a backup
plan. The LRV had a range of about 4.5
miles from the LM, limited by battery life
and  the  need  to  return.  The  manual
would stress that the rover was not a
luxury cruiser—it was a tool for scientific
exploration.  It  would  advise  drivers  to
avoid  steep  slopes,  especially  those
covered with loose material, as the wire
wheels  could  lose  traction.  It  would
caution  against  sudden  stops,  which
could throw the crew forward into the
control  panel.  And  it  would  include  a

detailed  protocol  for  what  to  do  if  a
wheel  became stuck or  damaged.  The
recommended  fix:  “If  a  wheel  motor
fails,  you  can  still  drive  using  the
remaining three, but your turning radius
will  be  significantly  affected.  Proceed
slowly and return to base immediately.”

MAINTENANCE AND REPAIRS:
THE ART OF IMPROVISATION

Tools and Spare
Parts
The LRV carried a small tool kit, but it
was  laughably  minimal  by  Earth
standards.  The  manual  would  list  the
contents: a hammer, a wrench, a pair of
p l i e r s ,  a  sc rewdr ive r ,  and  the
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ever‑present roll of duct tape. That was
it.  There  were  no  spare  t ires,  no
replacement batteries, and no diagnostic
computers.  The philosophy of  the  LRV
was  that  if  it  broke,  the  mission  was
over.  Yet  the  astronauts  performed
remarkable  repairs  using these limited
tools. The most famous repair occurred
on Apollo 17 when Commander Eugene
Cernan and geologist  Harrison Schmitt
used floor maps, duct tape, and a spare
lamp clamp to rebuild a broken fender.
The  manual  would  describe  this  as  a
“field‑expedient”  repair  and  would
encourage  owners  to  practice  similar
improvisation. It might include a section
titled “Duct Tape: The Lunar Mechanic’s
Best  Friend,”  extolling  its  use  for
everything from securing loose cables to
sealing small tears in space suits.

Daily Checks and
Long‑Term
Storage
If  the  LRV  had  been  used  repeatedly
over  long periods,  a  workshop manual
w o u l d  i n c l u d e  a  s c h e d u l e  f o r
maintenance.  Every  run  would  require
checking tire pressure (there was none,
but the mesh wheels had to be inspected
for  embedded  rocks),  verifying  the
battery voltage,  and cleaning the dust
out  of  the motor  housings.  After  each
sortie,  the  manual  would  recommend
using a soft brush (or a paintbrush) to
remove  dust  from  the  electronics.
Long‑term storage was a non‑issue, as
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the  LRV was  abandoned on  the  Moon
after  each  mission.  But  a  theoretical
manual  might  advise  owners  to
disconnect  the  batteries,  cover  the
vehicle with a thermal blanket, and pray
that the extreme temperature swings did
not  crack  the  wiring  insulation.  The
manual would also note that the lunar
environment was surprisingly benign for
metal: there was no rain, no humidity,
and no oxygen to cause rust. A well‑built
LRV could, in theory, sit on the Moon for
millennia  and  remain  operational,
provided  its  batteries  were  replaced.

LEGACY AND IMPACT: WHY THE
MANUAL STILL MATTERS

Influence on
Modern
Exploration
The Lunar Rover Owners Workshop
Manual is more than a fantasy—it is a
lens  through which  we can appreciate
the extraordinary ingenuity of the Apollo
program. The lessons learned from the
LRV  directly  influenced  the  design  of
later planetary rovers, including the Mars
Pathfinder  Sojourner,  the  Mars
Exp lorat ion  Rovers  (Sp i r i t  and
Oppor tun i ty ) ,  and  the  cur rent
Perseverance  rover.  The  wire‑mesh
wheel  des ign,  the  independent
suspension  system,  and  the  simple,
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robust electronics all have their roots in
the  LRV.  Modern  rover  builders  still
consult the original Boeing engineering
documents to understand how to build a
vehicle that can survive the vacuum of
space and the abrasive dust of another
world.

A Cultural Icon

The  LRV  also  captured  the  public
imagination  in  a  way  that  few  other
spacecraft  have.  Photos  of  astronauts
driving across the lunar plains, with the
Earth hanging in the black sky above,
remain some of the most iconic images
of  the  20th  century.  The  idea  of  a
“workshop manual”  for  such a  vehicle
appeals  to  our  sense of  nostalgia  and
our love for hands‑


