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The technological history of the Lunar Rover Vehicle from concept to use on the Moon is recounted. Several concepts from
science fiction are described as a prologue to the story of the design, development and testing of the vehicle deployed on the
Moon by the astronauts of Project Apollo. Also briefly described are lunar surface vehicles proposed by Hermann Oberth,

Arthur Clarke, and Georg von Tiesenhausen,

Engineering problems that arose during the program are presented as well as their solutions. Special attention is given to
the innovative navigation and mobility subsystems of the Lunar Rover.

The performance of the vehicle during the Apollo 15, 16, and 17 missions to the Moon is tabulated. In conclusion, the point
is stressed that this complex engineering task took only 17 months from drawing board to finished vehicle.

1. LUNAR ROVING VEHICLES (LRY)
IN SCIENCE FICTION

The idea for a vehicle that would transport man on the surface of
the Moon, like other technological realities in contemporary
astronautics, had its conceptual beginnings in the imagination of
the writers of science fiction in the early years of the 20th
Century. It is interesting to note that this era was also a seminal
period in the development of the automobile and tractor for
personal transportation and prime movers. One could theorize
about this relationship from a point of view of influence on the
fictional rovers, e.g.. the use of wheels for traction. One could,
as well, point out that fictional rovers foresaw the need for
closed environmental systems not found in the early terrestrial
vehicles.

One of the first fictional rovers is found in the novel, A
Srebvvm Globie (On the Silver Globe). published in 1901 by
the Polish writer, Jerszy Zulawski. It had a pressurized cabin and
electric power. Its mobility subsystem was certainly one of its

Fig. 1 LunarRover Proposed by Science Fiction Writer Jerszy Zulawski
n 1901,

most imaginative features. The vehicle had wheels that could be
removed and replaced with legs or “claws” for use on hills or
rough surfaces (fig. 1). Additionally, the rover could be used as
aboat! Zulawski’svehicle had a top speed of 10 km/hr, about the
same as the Apollo rover. The writer also included in his novel
a projected lunar traverse for his astronauts. Just before launch,
from a Jules Verne-like cannon, one of the crewmen had second
thoughts about the success of the mission and withdrew from it.
His name was Braun - without the von [ 1].

The American science fiction publisher and writer, Hugo
Gernsback, described a lunar rover in his story, Baron
Munchausen’s New Scientific Adventures, in 1915. It bore
little resemblance to either Zulawski’s rover or that of the
Apollo astronauts. It was a steel sphere some 18 m in diameter
and covered with “Marconium.”™ Traction was provided by a
circumferential track (fig. 2). Gernsback’s vehicle was also a

Fig.2  Spherical Lunar Rover Conceived by
Hugo Gernsback in 1915.
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spaceship that could be launched directly to the Moon [2].

The Russian space pioneer. Konstantin Tsiolkovski, de-
scribed a lunar rover in one of his early novels. Published in
1918, Vne Zemli (Outside the Earth) included a rover that was
also a lunar lander. Its crew of two were protected from the lunar
environment inside a pressurized cabin. Tsiolkovski’s vehicle
had electrically powered wheels and a unique temperature
control system. It consisted of a section of the cabin that was
covered with “sooty black and silver bars™ over which there was
a movable shield operated by the crew (fig. 3). The technique is
similar to that used on the Explorer | and other early Earth
satellites. His rover also had small rockets (i.e., Jatos) to boost
it across crevasses and a large rocket for return to Earth [3].

During the 1920s and 1930s, the lunar rovers of science
fiction were sometimes more humorous than scientific. Homer
Eon Flint, in 1923, proposed in his novel, Out of the Moon, what
might be termed an ornithomorphic design (fig. 4). It resembled
alarge, two-legged, bird-like rover that walked across the Moon
[4].

In 1961, the indefatigable Gernsback came out with another
rover design. He called it the “Homobile,” (fig. 5). It had a
pressurized cabin mounted on tracks and powered by electricity
from fuel cells, with a leg-powered generator as an alternate
source of energy [5].

Fig.3 Russian Space Pioneer Tsiolkovski Foresaw the need for this
Type Lunar Roverin 1918.

Fig.4 Homer Eon Flint Suggested a Walking Lunar Roverin 1923,
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Fig. 5 In 1961, Science Fiction Writer Gernsback Designed his
Homobile for Use on the Moon.

2. STEPS FROM SCIENCE FICTION
TOWARDS TECHNOLOGICAL REALITY

As the technology of astronautics moved from fiction to fact in
the early 1950s, more serious and professional attention was
turned toward lunar rovers by individuals who would, in one way
or another, become involved in the landing of men on the Moon.
These were scientists and engineers rather than writers, al-
though some were both. Arthur Clarke, a British mathematician
and physicist who was involved in radar research during World
War I1. published his book, The Exploration of Space, in 1951.
In it, he wrote of lunar surface transportation: “Pressurized
vehicles with large balloon tyres would also be employed for
much of the same duties that they fulfil on Earth. Their motors
would be electric, operated by storage batteries, or else tur-
bines, driven by reacting rocket fuels, either directly as in a gas
turbine, or indirectly through the use of some intermediate
fluid™ [6].

In 1953, Wernher von Braun suggested a tracked lunar rover
driven by hydrogen peroxide exhausted through steam turbines.
This power source obviously was influenced by his experience
with such turbines during the development of the V-2 missile
during World War 11 [7].

A very fanciful lunar rover was proposed by the German
space pioneer, Hermann Oberth, in his Man into Space, printed
in 1954 [8] and later elaborated in Das Mond Auto (1959). It
consisted of a manned spherical compartment 5 m in diameter
attached to a telescoping monopod that could extend to a height
of 6.7 m. The gyroscopically stabilized vehicle would have a
maximum height of 18.5 m and would be mounted on tracks. A
mirror on top of the cabin would permit the use of solar energy
(fig. 6). An alternate power supply would be a 7 amp engine
operating on hydrogen peroxide to power the rover. The vehicle
would weigh 1654 kg on the Moon and travel at speeds up to 150
km/hr! Purely a theorist, he wasted no time on engineering
details: he leftit for others to determine how to build and launch
the behemoth to the Moon [9].

In 1959, the U.S. Army Ordnance Missile Command, in
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Fig.6  German Space Pioneer Hermann Oberthdescribed an Imaginative
Lunar Rover in his 1954 Book Man inte Space.

Huntsville, Alabama, completed a study for a manned base on
the Moon. Given the code name “Project Horizon,” the task of
developing a manned lunar rover was assigned to the Transpor-
tation Corps. It was to have a pressurized cabin and accommo-
dations for a crew of two. The Horizon rover would weigh some
900 kg and be powered by rechargeable electric batteries.
While the vehicle would have wheels. all-metal designs similar
to the tractors of the carly 20th Century, it also would have
“auxiliary track Kits . . . provided to cope with possible deep
loose dust areas.” The vehicle would have a range of at least 80
km and perhaps as much as 240 km [10].

Some of the individuals who participated in Project Horizon
were transferred from the U.S. Army Ballistic Missile Agency
to the newly established Marshall Space Flight Center (MSFC),
in Huntsville, when it was formed in 1960. Among these was
Georg von Tiesenhausen. Continuing his studies on lunar rov-
ers, he proposed the following features for such vehicles:

(1) Noninflated. flexible wheels are recommended for lunar
applications.

(2) For the first launch vehicle, a four-wheel, individually
powered drive system is recommended. In view of the
final design of the LRV, these specifications are
particularly significant [11].

During the early 1960s, NASA called upon the aerospace
industry to undertake studies and limited technology programs
to meet the mobility needs foreseen for the post-Apollo lunar
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exploration. Included in these studies and programs were the
Lunar Logistics System (LLS). the Mobile Laboratory (MO-
LLAB). Lunar Scientific Survey Module (LSSM). and the Mobil-
ity Test Article (MTA). These proposals were based upon a dual-
launch Apollo lunar module: i.e., after the astronauts had landed
on the Moon, their lunar module would arrive via an unmanned
vehicle,

On September 5. 1962, The National Aeronautics and Space
Administration’s (NASA) Office of Manned Space Flight began
studies for the definition and design of a Lunar Logistic System,
with the assistance of Grumman Aircraft Engineering Corp. and
the Northrop Space Laboratories, Inc. Among the payloads
considered were a large and small lunar rovers, the former
weighing 3,000 kg and the latter weighing 1,500 kg. The large
vehicle envisioned a crew of two within a pressurized cabin that
could sustain the men for 30 days. With a speed of 14 kim/hr, it
was to have had a total range of 450 km. Its four nonrigid, metal
wheels were each to be powered by its own electric motor from
power generated in a liquid oxygen-liquid hydrogen fuel cell.
The vehicle was to be 5.4 m long and 2 m in width [12].

The smaller rover was to be only 3.6 m long and 2.5 m wide.
Its pressurized cabin could sustain two men for seven days. The
vehicle was to have a range of 368 km at an average speed of 9
km/hr. The wheel and drive system was to be the same as that of
the large rover | 13].

The chief value of these studies, as well as company-funded
research by firms such as Grumman Aircraft Engineering Corp.
and Northrop Space Laboratories. Inc. lay in their compilation
of the best available information on which to base parametric
designs for lunar rovers.

Similar data were obtained from two studies called Apollo
Logistics Support System sponsored by the Marshall Center in
June 1964. They were made, under contract, by the Boeing Co.
and the Bendix Corp [ 14].

Both companies were given identical mission requirements
and asked to submit preliminary designs for a lunar rover
capable of sustaining two men for 14 days. Known as MOLAB
(Mobile Laboratory), a vehicle of this type was foreseen as a
logical need in the years following the initial landing of men on
the Moon. Both studies were complete after six months.

The rover proposed by Bendix was 9 m long and had a
pressurized cabin 3.6 m long and 2 m in diameter. With four
elastic metal wheels, the vehicle weighed 3060 kg. The vehicle
had a range of 90 km and could carry 337.5 km of scientific
instruments. The Boeing model was 11.5 m long. It was a two-
part articulated vehicle with the four-wheeled front joined by an
elastic frame to a two-wheeled rear. Its six wheels were of
woven wire design and 1.5 m in diameter, With a range of some
150 m, the 3620 kg rover could carry about 300 kg of scientific
instruments [15].

Of special interest in the evolving technology leading to the
lunar rover that first maneuvered on the Moon was the concept
of individual electric motors in the six wheels of the Boeing
concept. They were to have been powered by liquid oxygen-
liquid hydrogen fuel cells.

The MOLAB contracts were extended upon completion and
redirected to study a smaller rover called Local Scientific
Survey Module, which would be a one-manned vehicle in which
the astronaut wore a spacesuit rather than working in a pressu-
rized cabin. The two contractors were also directed to provide
a stripped-down version of their proposed MOLABs at one-
sixth of their design weight. These vehicles were called Mobil-
ity Test Articles (MTA). and. as the name implies, were used to
gain data on the driving characteristics of such vehicles. Both
articles were test-driven at the Aberdeen Proving Ground,
MSFC, and in the desert at Yuma, Arizona Proving Ground, in



Fig.7  Wernher von Braun Test Drives a Mobility
Test Article at MSFC.

February 1967 (fig. 7). The Bendix MTA weighed approxi-
mately 765 kg and was 7.2 m long. 3.75 m wide, and 3.3 m high.
Its four elastic metal wheels were 2 m in diameter and each
wheel had its own direct-current drive motor located in the hub.
The Boeing model weighed 823.5 kg and was 6 mlong, 3 m wide,
and 3.3 m high. Its six woven wire wheels were each 1.5 m in
diameter, and each wheel had its own alternating-current drive
motor sealed in the hub.

The MOLAB proposed by Bendix Corp. (fig. 8) bore an
external resemblance to an Earth-bound rover designed and
built in 1939 by the Research Foundation of the Armour Insti-
tute of Technology (fig. 9). The $150,000 vehicle was 16.76 m
long, 4.75 mwide. 34,020 kg in weight and was officially known
as Project 1-69 but more familiarly called the Snow Cruiser. It
was built for the third Antarctic expedition of American Admi-
ral Richard Byrd in the same year. The Snow Cruiser carried a
five-passenger airplane with skis on its back “for aerial explo-
rations of a region 600 miles wide over a given route.” Its four
3.04- m pneumatic rubber tires were driven by 75-hp, battery-

Fig. 8 MOLAB Lunar Rover Concept Developed by Bendix Corp.

Fig.9  Snow Cruiser Built for Explorationof Antarcticain 1939,

powered, electric motors. Other features included: “Two [200-
hp] Diesel-electric power plants will generate the electricity
needed. The snow cruiser which combines a well-equipped
laboratory with quarters for the crew for a period of one year
without contact with the outside world. will have a cruising
range of 5,000 miles, a speed from 10 to 30 mph depending on
grade, surface conditions, and weather, is 15 feet high, and will
be able to span crevasses 15 feet wide” [16].

The General Motors Defense Research Laboratories, Santa
Barbara, California, investigated the possibility of sending a
lunar rover along with the astronauts. Thus, the need for a
separate launch would be obviated. The results of this study were
released in June 1968 and concluded that a surface vehicle
capable of carrying two astronauts and their science equipment
on three or four round trips of 20 km each could be packaged
into one unused corner [quadrant] of the Apollo Lunar Module
descent stage within the weight constraints established. The
vehicle could also be used for unmanned exploration by remote
control from Earth after the astronauts left (dual mode opera-
tion) [17].

3. CONCEPT, DESIGN AND DEVELOPMENT

When the time arrived to begin design of the rover, the concept
of a large vehicle was abandoned largely because of monetary
considerations. Instead of MOLAB. the Apollo astronauts would
be furnished with a small, four-wheeled vehicle that had the
external appearance of the well-known American jeep of World
War I or dune buggy. There was no pressurized cabin. Thus,
much of the design information available in the literature that
had accrued over the preceding five years or so went for naught.

The greatest problem facing the designers was a lack of
knowledge of the surface of the Moon. The mobility subsystem
of the vehicle had to be designed on the best estimate of the lunar
surface. During the 1960s, and earlier, there were two opposing
views of the nature of the soil in the marias. Some astronomers
felt that the Moon in many areas was covered with very deep
dust. Others believed that the dust layer was only a matter of a
few centimeters. To a great degree, the pictures and data re-
turned to Earth by the Luna and Surveyor Probes which landed
on the Moon between 1966 and 1969 helped settle that contro-
versy. Also, the footprints of the first men on the Moon in 1969,
left no doubt that vehicles landing in the maria would not sink to
great depths.

Another problem arose, although not a technical one. A letter
from the Rover Co. Lid., Sollihull, England. to the Boeing Co.
brought up the point that the words Rover and Land-Rover were
copyrighted by the former firm. While admitting that “we have
no foreseeable intention ourselves of producing a vehicle for





















Fig. 20 Initial Steps in LRV Deployment Sequence by Astronauts on the Moon.

Fig. 21 Final Deployment Steps of LRV.



Fig. 22 LRV Deployed on the Moon and Ready for Lunar Traverses.

Fig. 23 Replacement Fender
Fashioned by Astronauts

of Apollo 17









