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ARTICULATED, WHEELED OFF-THE-ROAD VEHICLES
I. C. HoLm"

“*The technology of terrain-vehicle relationships—and soft zround
performance in particular—has elucidated the fundamental
relationships involved, and has clearly demonstrated that major
improvements necessarily involve major changes in vehicle form;
that there arg no cheap answers.”

C. J. MurraLy, Jr:

1. INTRODUCTION

DuUrING the last 10-15 years the interest in articulated off-the-road wvehicles has
increased invariably.

Before the mid-fifties the capabilities of the articulated vehicle was not much
recognized. Today this type of vehicle is used in all aspects of off-the-road work, as
military transportation, earthmoving, construction, mining, farming, logging etec.
Even several moon vehicle prototypes are based on the articulation principle.

The reason for this success is, of course, that the articulated vehicle has several
definite advantages. These will be discussed later. The subject of articulated tracked
vehicles has been treated extensively by Bekker [1, 2, 3], Nuttall [4, 5, 6] and Ogorkie-
wicz [7.9]. Particularly Nuttall’s work gives a very complete picture of the subject.
Regarding articulated wheeled vehicles the situation is somewhat different. Numerous
publications report on one particular vehicle only. Bekker [2, 3], Ogorkiewicz [8, 9]
and MNuttall [6] discuss the subject in a wider sense, also describing several vehicles.
Another work by Stevens Institute of Technology and Nuttall [10] deals only with
trains. A complete and systematic approach to the subject is still lacking, however,
at least in published form.

2. DEFINITIONS

According to the dictionary articulated means jointed or segmented. This definition
agrees well with the common impression of an articulated vehicle. Such a vehicle
consists of two or more body or frame units jointed together. These units or sections
should be an integral part of the vehicle. The joints may have one, two or three
degrees of freedom (yaw, pitch, roll). All wheels are usually driven during off-the-road
operation. It might seem trivial to state this definition, but surprisingly enough,
in the literature searched by the author, an accurate definition of an articulated vehicle
was nowhere to be found.

Bekker [1] was among the first to recognize the advantages of the train concept for
ofi-the-road use (analytical evaluation and tests with small scale models of train-like
vehicles at the Canadian Army Proving Ground, 1949). According to Bekker [2]—
“it 18 based on the use of a single vehicle “cell’ or car with a given constant unit load.
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Tor merease the cargo capacity of the transperter the eell’ s not inereased as with
moter vehicles, but a train s formed by coupling a number of cars so that. irrespective
of the total werght and train capacity, the unit pressure-under such a vehicle remains.
constant and equal te that of the single car”. Bekker suggests that in an extreme:
casg, the: minimum train vehicle would be comiposed of two units, which could be
steercd by piviting arcund ks joint,

A 44 articulated vehicle could hardly be considered as a train, even though it
consists of two units, The author therefore suggests the following formulation. 17
the units are-able to operate mdependently of each other, 1hen the minimum train is
composed of two ymis. [T the units arc not able to operate on their own, then a train
would consist of theee of more unils. The last definition is also valid for a traim
which 15 composed of both unit tvpes,

Ie most cases two wils smply make an articulated vehicle: A train §s alio a
vehicle, but an articulated vehicle is not necessarily a Leain.
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Fic, 1. Pavesi-agricultural sractor feoem 1913 [11]

4. HESTORICAL OUTLINE
The historical review of the early development of the articulated wheeled vehicle
is.compiled partly from Ogorkiewics [8] Nuttall [3]. the Stevens report [10]. Bekker
[3] and others. The review is kept as brief as possible. It might not be complete.®

*Durireg the study of present literature on the history of articulated, whesled off-the-road vehicles
the anthor feand several omissions and contradicroey statements. Lack of 2ime prevonted hios from
checking all such: pesertions_ I any inaccurate sgalements of odaplsstong ave Found in thiz articls,
please contact the author.  Also he wilk be grateful for additional information that anvome might
wand o give,
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Fic. 3. Design details of the Pavesi vehicles [13]. About 1925, 2: Tubular backbone
assembly. 9: Drive shaft. A and B: Pivots.
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[t is very likely that Diplock was the first to patent and build a joint for use on
articulated vehicles, even though Ogorkiewicz asserts that an articulated construction
was tried in 1836, also in England, under the name of the Adams equirotal carriage.

Dipleck patented a joint for use with either wheels or tracks in 1902 [5]. The
joint had two degrees of freedom (yaw and roll). The joint principle was used on a
tracked articulated vehicle, the Diplock Pedrail Tractor and Trailer, which he
oflfered on the market in 1913. Diplock did not use the joint in combination with
wheeled vehicles,

The first articulated wheeled vehicle was introduced by Pavesi-Tolotti & Co. in
Milan, also in 1913 [11]. This vehicle was built as an agricultural tractor, Fig. 1.
It had four large diameter steel wheels and was equipped with four-wheel drive. The
joint had two degrees of Ireedom (yaw and roll), and the steering was by articulation.

According to Walters [12] a “hinge steering”™” vehicle was also made by John Deere
& Co. in the U.S.A. This “cultivating™ tractor was designed by Theo Brown in 1916,

The Talian Army tested the Pavesi P4 tractor in 1924, and later it was adopted in a
modified version with solid rubber tires as the Model 25 arullery tractor [R]. This
vehicle was rather successful, and other models, on the same principle were introduced,
Fig. 2 and 3 [13]. The tractors were licensed in Sweden and also in England (Arm-
strong—Siddeley Motors Lid.).

The British manufacturers fitted experimental models, Fig. 4, with tires, and then
extended the original concept to an 8 <8 vehicle (Pavesi—Wilson), which had the
wheels mounted in pairs on walking beams, Fig. 5 [13]. This velicle was umque for
the time. However, none of these vehicles were equipped with suspension, and
especially the § x 8 vehicle must have been hard to steer (scrub), since power assistance
was not available. Eventually the production of the Pavesi tractors were stopped,
also in ltaly, in favour of more conventional vehicles.

Even though it was not meant for off-the-road use. the Porsche “Landwehr Train™
[14] should be mentioned here. It was built by Austro-Daimler in 1914 for transport-

= |

Fi. 4. Armstrong-Siddeley military tractor, Pavesi steering sysiem [13]. About
1930, Pavload 1 ton.
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ation on road or on rails. Each unit of this articulated vehicle or train was powered
and so steered. that all wheels would track. However, Porsche was not the first to
build train type vehicles. Diplock proposed a train consisting of single axle units in
1902.

The French Renard Train (1900) had 3-axle units. A mechanical drive-line carried
power from the lead unit to the center axle of each car. The American Aldex-Sampson
gas-electric road train (1910) also had 3-axle units [10].

Just before the Second World War Késsbohrer (Germany) built a diesel-electric
train consisting of six 2-axle units [15]. This 40-ton train was meant for on- as well as
off-the-road use. [ts maximum speed was about 22 m.p.h. At the end of the Second
World War a large articulated vehicle called the “Raumer” [16] was undergoing
trials in Germany. This armoured prototype mine-cxploder was built by Krupp. The
joint was located halfway between the axles, and it was steered hydraulically by
articulation. The vehicle was 51 ft long, and its steel wheels were nearly 9 ft in diam-
eter,

Even though our theme is wheeled vehicles it is interesting to note, that between
the two world wars hardly any work was done at all on articulated tracked vehicles.

In 1952 Bekker initiated scale-model testing and theoretical work on this subject at
Stevens Institute of Technology. A couple of years later articulated tracked vehicles
like the Nodwell “North King” and “Scout”, the Canadian “Rat” and “Centipede”
and the WNRE “Polecat”™ and “*Musk-Ox"" pioneered the field.”

As for articulated tracked vehicles, the breakthrough for their wheeled counterparts
also took place in the U.S.A. Current interest in articulated wheeled vehicles did not
originate from the Pavesi concept, but rather from the successful commercial employ-
ment of the articulation principle in the American earthmoving machinery.

R. G. LeTourneau built an articulated type earthmover as early as 1938. This was

Fii. 5. Armstrong-Siddeley military tractor, Pavesi-Wilson steering system [I13].

About 1930, Payload 2 tons.

*The Tucker “Sno-cal” (prototype 1948) is purposely left out, since it is not truly an articulated
vehicle.
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FPG 6. LeTourneau Model A Tournapull tractor and scraper first introduced in 1938, The
picture probably shows a later version. Photograph by R. G. LeTourncau, Inc., Longyview,
Texas.

FiG. 7. LeTourneau 13-car Overland Train, Load carrving czpacity 150 tons (1962).
(LLS. Army photograph.)
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the well known Model A Tournapull, Fig. 6. Another articulated vehicle. the “Moun-
tain Mover”, was also the work of LeTourneau. However, this electric drive scraper
from 1923 had a speed of only | m.p.h. The real breakthrough was achieved with the
Tournapull model. This four-wheeled vehicle consisted of a two-wheeled tractor with
an unpowered scraper. The steering was not by articulation, but according to Hyler
[17] by large band brakes and double cone clutches. Nevertheless the vehicle was
articulated. This scraper proved successful and was soon followed by the smaller
Model C Tournapull and the Super C Model, which saw extensive World War 11
service. Hyler mentions an all-wheel drive system developed for a military transporter
based on the Tournapull. Each wheel in the front and rear section was driven by its
own Cadillac automobile engine and hydramatic transmission. Steering was accom-
plished by controlling the relative speeds ol the drive packages.

Positive power steering was introduced on the earthmovers about 1950. Later
LeTourneau used electric motors located in the rear section or directly in the hubs of
the rear wheels in order to achieve all-wheel drive.

Other companies also active in the field of articulated earthmovers at that time were
the Caterpillar Tractor Co. and the Euclid Division of GM.

In the mid-fifties the train concept was reborn in LeTourneau multiple electric
scrapers, Le Tourneau Trackless Tramn (1933), Snow Freighter (1935) and the Snow
Train (1956) [10]. The latter was built for USA TRECOM. The culmination of this
effort was the Overland Train, also developed by LeTourneau for TRECOM (1962)
[10, 18].

The Overland Train, Fig. 7, was built to move supplies over desert or Arctic terrain.
It 1s 572 [t long and consists of 13 units. Each wheel is powered with its own d.c.
motor, and the tires are 10 ft in diameter. Three gas turbine engines and generator
sets supply electricity to the wheels. The load carrying capacity of the train is 150 tons.

The success of the American industry in the development of articulated carthmovers

e




26 I. C. HOLM

was remarkable. It was only natural to investigate the military applications for such
or similar vehicles.

Preliminary studies and tests were carried out by the U.S. Army Armor Board in
1956 [8, 19]. In 1957 the term GOER was born. This type of vehicle is now well
known and has been extensively described [8, 9, 19-27]. After proposals had been
submitted by several manufacturers of earthmoving equipment a contract was
awarded in 1958 to the LeTourneau—Westinghouse Co. for 15-ton test vehicles
{the XM 437 Logistical Cargo Truck and the XM 438 Logistical Tanker). These
vehicles have powered (electric) wagon steer and auxiliary electric motors to dnve
the rear wheels. Further their design features integral body-frame construction,
freedom in roll, large diameter, low pressure tires and the ability to float in inland
waters. However, they are not sprung.

At the same time a contract was awarded to the Clark Equipment Co. for a 5-ton
test vehicle. the XM 520 Logistical Cargoe Truck. This vehicle is based on the Clark
Timber Tractor. It has positive articulated steering and mechanical drive to all
four wheels. Tests of these vehicles were conducted by various Army agencies in
order to evaluate the GOER concept for military applications. In 1960 initial contracts
were awarded to Caterpillar for the development of 8-ton GOER prototypes and to
LeTourneau—Westinghouse for the 16-ton versions.

The 8-ton GOER family consists of a cargo carrier (XM 520 E1), Fig. 8and 9, a
fuel transporter (XM 559 El) and a wrecker (XM 553). Similarly the 16-ton family
consists of the XM 437 El, Fig. 10, the XM 438 E2 and the XM 554. In both families,
within their respective weight classes, the GOER front and rear units are inter-
changeable. Engineering and service tests of these vehicles were initiated in 1961.
The performance of the GOERs was rather disappointing in Operation Wheeltrack
and Swamp Fox Il [24, 28]. However, the 8-ton GOER vehicles proved successtul

Fic. 9. #-ton GOER drive system. Center-line shows approximate joint location.
(U.S. Army photograph.)
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FiG. 10. 16-ton GOER XM 437 El, 4 4 cargo truck (1964). (U.S. Army photozraph.)

Fic. 11. Meili Flex-Trac 6 < 6 truck (1958). 1: Motor, 2: Transmission, 3: Differential,
4: Center axle, 3: Trailing arms (chain drive), 6: Steered front wheels. (Courtesy
Awtemrabi! Reviel)




















































































