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of NASA’s unique Apollo Lunar Roving Vehicle
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KC-135 ‘vomit comet’ aircraft in order to 
assess its suspension and wheel performance. 
“It’s not called the vomit comet for nothing,” 
recalls Mike Vacarro, at that time a manned 
systems integration engineer. “We took von 
Braun up there one day. All he could take was 
ten parabolas before he was sick and we had 
to bring him down. You have to have a strong 
stomach. You keep those barf bags handy!” It 
proved difficult to properly test a car inside the 
cramped conditions on board this plane, so 
most driver training was undertaken with the 1G 
Rover on Earth using a specially strengthened 
rover vehicle with identical controls.

there were too many boulders they would make 
driving difficult. 

Nevertheless, as plans went ahead for Apollo 
15 and the first use of the Rover, NASA had 
no good images of the area that it was to visit, 
known as Hadley. No one was really sure of 
its “trafficability”, NASA’s term for whether the 
crew would be able to negotiate the landscape 
in their new car.

The role of the suspension system was 
to support the LRV’s loaded chassis at a set 
height above the lunar surface whilst on the 
move. At the same time, it had to give the 
astronauts a reasonably smooth ride on a 
surface that had no prior preparation. There 
are no roads or paved areas on the Moon – 
just crater upon crater and a regolith littered 
with rocks ranging in size from pebbles up to 
boulders the size of a house. It was inevitable 
that the Rover would not be able to completely 
avoid the smaller rocks and so would have to 
drive over them. Though the deformation of the 
wire wheels would handle some of the bumps, 
the suspension system would provide most of 
the smoothing of the ride. 

What made the design of the suspension 
most interesting was that it could never be 
fully tested on Earth, since it was designed 
to operate at one-sixth g. To simulate lunar 
gravity, a test rig was built into one of NASA’s 

hook on the end to retract the locking pin 
from the sector gear and re-engage it with the 
scissor mechanism. This tool was stowed on 
the rear chassis. To reconnect the steering 
gears, he merely pushed down on the gear axle 
which also latched on one of the scissor arms.

The 1G Rover had simulated steering 
decoupling mechanisms to duplicate the 
LRV-to-crew interface, but operation of 
this simulated mechanism did not effect 
actual decoupling.

Suspension

What became very important early on in 
the Rover’s development was to fully 

understand the sort of terrain this vehicle was 
going to have to cross. Radar studies of the 
lunar surface provided some clues, though 
they were misleading and widely misinterpreted 
as indicating great depths of loose dust. No 
one was really sure that it would be possible 
to drive across the heavily cratered surface 
until super high resolution pictures taken by 
the Lunar Orbiter spacecraft were scrutinised 
(see Introduction). These revealed the surface 
of the Moon to be so ancient that the number 
of craters present at a particular scale was in 
equilibrium, as old structures were obliterated 
by later impacts. The result was a very 
undulating surface. Geologists also noted that 
fresh craters were usually surrounded by fields 
of boulders. Although the presence of boulders 
showed that the surface was strong enough 
to support large rocks (and hence a lander), if 

it released a spring-loaded locking pin which 
then engaged into the centre of the sector gear 
in order to lock it and keep the steering in a 
central position; it also allowed two gears to 
disengage under spring action that otherwise 
linked the steering motor’s gearbox to the 
sector gear, thereby removing drive from the 
motor to the steering mechanism.

Only the rear steering system could be 
reconnected by an astronaut on the Moon 
because there were too many items like 
batteries and electronics mounted on the front 
chassis to allow access to the mechanism 
within. To reconnect, he used a tool with a 

right Diagram 

to show how a 

recoupling tool can be 

used to reconnect the 

rear steering system. 

(NASA)

above The suspension of the left front wheel  

of LRV-1. Note the upper and lower wishbone 

arms attached to either side of the motor casing, 

and the damper arm between the arms.  

(NASA)

above Isometric 

drawing of the 

suspension system 

for one wheel of the 

Rover. (NASA)

below End-on 

diagram of the 

suspension system 

including the range 

of movement during 

operation and folding. 

Dimensions are in 

inches. (NASA)

below This 

panorama, created 

from photographs 

taken by Charlie 

Duke, shows John 

Young with LRV-2 

on the lower slopes 

of Stone Mountain. 

The roughness of the 

surface is evident and 

was a challenge for 

the designers of the 

Rover’s suspension. 

(Charlie Duke/NASA/

David Woods)
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m THERMAL REGULATION – special paints and 
surface coatings, heat sinks, thermal straps, 
multi-layer insulation, and the latent heat wax 
tanks and space radiators to maintain optimum 
operating temperatures for the electronics and 
power systems. 

m NAVIGATION – distance and bearing recorders 
enabling constant calculations of position 
relative to the Lunar Module.

m COMMUNICATION – the Lunar 
Communications Relay Unit (LCRU; stored in 
the Lunar Module and installed on the LRV 
after deployment), Ground Commanded 
Television Assembly (GCTA), an S-band 
high gain antenna to relay live TV camera 
pictures and a low gain antenna for voice 
communications and transmitting space suit 
and biomedical telemetry to Earth. 

m CREW STATION – folding seats, seat belts, 
folding foot rests, hand controller and arm rest, 
inboard and outboard handholds, toeholds, 
floor panels, fenders (covered in this book in 
Chapter 2), and stowage for tools, experiments 
and rock samples.

m CONTROL & DISPLAY – centrally mounted 
display panel showing navigation (including a 

central to their challenge is the vehicle’s 
unique chassis. Not only will it have to collapse 
for stowage in the cramped compartment of 
the Lunar Module, but NASA have specified 
that it must also be strong enough to carry 
twice its own weight in men, life-support 
apparatus, tools, samples, and science 
equipment.

No wheeled vehicle has ever been built to 
such exacting specifications. It is a daunting 
prospect, and one which threatens to derail the 
dream of driving on the Moon once more.

Eight engineering systems

Despite its superficial resemblance to a 
‘dune-buggy’, the Apollo Lunar Roving 

Vehicle was anything but simple. It had 
eight engineering systems, all of which were 
interconnected and interdependent:
m MOBILITY – the largest system – consisting 

of the Rover’s chassis, wheels, suspension, 
steering, motors, transmission, and brakes. 

m ELECTRICAL POWER – the batteries, wiring 
harnesses, connectors, circuit breakers, 
switches, and meters.

Sun-shadow device), speed, vehicle attitude, 
electrical power controls for batteries, drive 
and steering controls, and system temperature 
indicators. 

m STOWAGE & DEPLOYMENT – a series of 
torsion spring hinges, ropes and pulleys to 
release and help unfold the vehicle from the 
Lunar Module onto the lunar surface. 

The vehicle’s tight production schedule 
demanded that all eight systems be prototyped 
and manufactured concurrently, even though 
changes to one could potentially impose major 
modifications on others. Nowhere was such an 
uncompromising work flow going to be more 
challenging than with the design of the chassis. 
Although formally included in the Rover’s  
mobility system, it stood apart as the single, 
largest component upon which everything 
literally hung. 

At 120in long, the chassis was twice the 
length of the space available to store it inside 
the Lunar Module, so in effect it had to be 
folded in two. The solution proposed by Ferenc 
Pavlics, GM’s chief Rover engineer, in his June 
1968 paper (noted on page 32) was to fold 
the two ends of the chassis 180° so that they 
rested flat on the central section. He’d then 
tucked each traction drive and accompanying 
wheel under the chassis at a 45° angle, using a 
hinged suspension arm linkage. 

This folding formed the shape of a “triangular 
piece-of-pie”, as his colleague at GM Sam 
Romano was fond of saying. The flattened 
chassis formed one side of this triangular 
wedge, and the wrapped-over wheels made  
up the other two sides (see photograph above 
right). Stowed like this, the critical systems such 
as the drive motors, T-handle controller, crew 
station and display panel were all tucked inside 
and well protected during the flight to the Moon. 

It was one thing for the Rover to fold into a 

above The eight 

LRV systems: 

mobility, electrical 

power, thermal 

regulation, navigation, 

communication, crew 

station, control and 

display, and stowage 

and deployment.  

(NASA)

right The one-sixth scale model of the 

proposed LRV design in 1968 to illustrate the 

stowage and deployment from the Lunar Module. 

(NASA/MSFC) 

right LRV-1 folded for loading onto the LM for 

Apollo 15. (NASA/MSFC)

m	Mobility 

m	Electrical power

m	 thermal regulation

m	Navigation

m	communications

m	crew station

m	control and display

m	Stowage and deployment
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This book tells the story of the most exotic vehicle ever 
designed and built. Costing $38 million to manufacture just 
three fully functioning examples, the equivalent of over $450 
million today, it is also the most expensive car in history. For 
whilst these unique automobiles had wheels, they were in every 
other sense spacecraft; constructed from high-spec aerospace 
materials to operate in the vacuum of space, on an extra-
terrestrial landscape blanketed with abrasive dust and 
enveloped in an alien gravity field. The length of a Cadillac, yet 
ingeniously designed to fold into a space the size of an estate 
car trunk, for shipment to the Moon, the Lunar Roving Vehicles 
epitomised the spirit of Apollo.

Commissioned before the first human beings to walk on the 
Moon had returned to Earth, and intended to carry future 
explorers further and faster, through the mountainous lunar 
highlands, the LRVs were far more than just another product of 
the Lunar Exploration Support Program from which they 
emerged. They characterised NASA’s commitment to human 
space exploration, and symbolised a future of people living and 
working on other worlds. To understand the story of the Lunar 
Roving Vehicle, as told in this book, is to understand NASA in 
the 1960s; at its finest and most potent.

Dr Christopher Riley is a writer, broadcaster and film-maker, 
specialising in science and history. He was just old enough to 
remember the tail end of the Apollo Moon shots and was 
inspired by them to study remote sensing and planetary 
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David Woods was enchanted by the Apollo missions as a 
child and this never really left him. With the arrival of the internet, 
his interest blossomed and he has studied the engineering 
behind the Apollo programme for nearly 20 years. David curates 
the Apollo Flight Journal for NASA and writes extensively on 
Apollo. His knowledge and passion combine with an ability to 
explain technical subjects for the layperson.

Phil Dolling is an award-winning Executive Producer. He has 
worked for the BBC on many television programmes, including 
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Century and Earth: The Power of the Planet. Phil has written 
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century. He was lucky enough to be a small boy in the 1960s 
when his keen interest in the Apollo missions began.


