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Review

MIECZYSLAW GREGORY BEKKER, Introduction to Terrain-Vehicle
Systems, University of Michigan Press, Ann Arbor, Mich.,
1969, 846 pages, $27.50

HIS IS a fascinating and exciting book. It deals with a field that is still young,

as far as scientific method is concerned; it applies the ‘systems approach’ con-
structively to integrate an impressive array of technical information; and it is
written by the world’s ranking expert in land locomotion (see Notes 1 and 2 below).

There is a particular pleasure in reading a volume by a single author that en-
compasses a whole field of technology, when the job is well done, as it is in this book.
There is a continuity of thought and an organization and interrelation of content
that rarely appear in a handbook assembled by a group of experts. As a field
grows, there is a point of no return beyond which it escapes the ability of a single
person to capture it adequately in a single volume. It is fortunate that Dr. BEKKER
has been able to devote the time to do this for land locomotion so satisfyingly and
comprehensively, as, thanks in great part to his own efforts, the point of no return
approaches.

The most difficult part of land locomotion is, of course, off-road travel, and
considering that in the beginning there were no roads, it is remarkable that the
science and engineering of off-the-road motion have developed so slowly. Yet the
history of transportation and, in fact, the story of civilization is, to a great degree, a
history of road building. Civilization has traditionally paused ‘at the end of track.’
The railroad opened ‘trackless wildernesses’ to man. Even movement by water has
become increasingly tied to complex port facilities. And the eventual success of the
helicopter came too late to prevent the critical dependence of modern air transport
on acres of concrete runways.

When there is time, it is more cost-effective to build a road and simplify thereby
the design of the vehicles that traverse it.

Yet there has always been a need for off-the-road locomotion. Armies would
prefer not to be road-bound, but they must often choose between moving on foot or
at a pace governed by their construction battalions. The farmer cannot pave his
fields for his tractors and other agricultural equipment. Road building equipment
must have some mobility before the roads they build come into being. These needs,
important in each case to-the operators, have constituted such a small fraction of
the demands of transportation that over generations they have attracted limited
effort, limited research, and even less research funding.

In spite of these limitations, the field of terramechanics has slowly acquired form
and content. It is currently being stimulated by the need to apply what is known
to movement on the ocean bottom and on the surface of extra-terrestial bodies. In
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Dr. Bekker’s book we learn what is known, how we can apply this knowledge, and
what must be done in the future.

Practitioners of operations research will take a special interest in this book, since
the stimulus to integrate the existing knowledge on ground mobility and to under-
take orderly and increased programs of research and development over the past
decade and a half have been strongly influenced by the ‘systems approach’ of the
Army’s Operations Research Office and its interaction with the Army’s in-house
laboratories.

The book is divided into two major parts: Part [ considers “The Terrain,” and
Part II considers “The Vehicle.” Part II also shows by example how to proceed in
an orderly fashion from mission to recommended vehicle design.

Part 1 presents the descriptors and measures by which terrain characteristics
affecting locomotion are categorized, described, and quantified. We learn about the
kinds of soil, mud, ice, and snow, and the experimental procedures and equipment for
measuring their characteristics. Unlike a surfaced road or a rail, soil deforms under
load; the vehicle sinks into it to varying degrees; some of the developed traction is
consumed in displacement of the supporting material. Terrain is irregular. A
vehicle traversing it rolls and pitches, the suspension is violently exercised, the frame
deforms, the loading of individual wheels or tracks varies irregularly. Obstacles
must be avoided, surmounted or pushed over. To swim across a canal or river re-
quires overcoming the banks. Terrain composition, contours, and the distribution
of obstacles must be described statistically, since one wants to know something of the
probability that a vehicle of particular design will succeed in traversing unprepared
terrain, the characteristics of which are known only approximately in advance.

All of these characteristics of terrain and many more are addressed in Part I, and
what is known is summarized in charts, tables, and formulas. The geography
ranges from the Northern United States to Southeast Asia to the Moon.

In Part II we learn how to configure vehicles to master the terrain. Beginning
with the mission and concept of a vehicle, this part progresses through models of the
soil-vehicle relation, dynamics of vehicle behavior, man-machine relation, perform-
ance models, and the final choice and basis of evaluation of a vehicle concept for a
given mission and environment. The range of design parameters and their inter-
relations that characterize past and existing vehicle designs is summarized, and
directions of improvement noted. Vehicle types considered range from the farmer’s
pea combine to the astronaut’s lunar surface vehicle. Dr. Bekker shows clearly how
far one ean go using existing data and analysis, and where one must turn to experi-
ment to validate a new design.

Particularly important is the chapter on “Selecting Vehicle Coneepts for a Given
Mission and Environment.” Here Dr. Bekker shows by example how one balances
analysis, judgment, and experience in the practical business of coming up with a
recommended design for a specified mission. Systems analysis and engineering in
vehicle design—whether air, sea, or land, often tend to pursue independent objec-
tives; Dr. Bekker shows how they can be integrated.

Part II concludes with a stimulating discussion of the future course of terra-
mechanics.
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The mysticism of the road will always be with us, as well as its cost-effective
reality. Tolkien’s hobbit, Bilbo, in the Fellowship of the Ring said
The Road goes ever on and on
. .. and I must follow, if I can.
But where there are no roads, we must turn to Bekker. And there are no roads
on the Moon . . . yet.
Hersert K. WEiss
Litton Systems, Inc.
Van Nuys, California

NOTES

1. One of the many honors conferred upon Dr. BEKKER for his work in Terra-
mechanics is Sweden’s Royal Military Technical Association Medal for Professional
Achievement.

2. Although Introduction to Terrain-Vehicle Systems is complete in itself, for the
essential nucleus of a library on land locomotion, one should also have Dr. Bekker’s
prior two volumes, Theory of Land Locomotion, the Mechanics of Vehicle Mobility,
University of Michigan Press, Ann Arbor, 1956, and Off-the-Road Locomotion, Research
and Development in Terramechanics, University of Michigan Press, Ann Arbor, 1960.
To ‘dig deeper’—Terrain Vehicle Systems contains over fifty pages in its bibliography.
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Notes

OLICY SCIENCES: Policy Analysis, Systems Approaches, and De-

cistonmaking, a new quarterly journal, will appear in 1970 under the
Editorship of E. S. Quapk. According to its prospectus, it “will provide
a forum for the developing interest in the application of structured ration-
ality, systematic analysis, and interdisciplinary knowledge to problems of
public policy. It will include applied studies analyzing specific problem
areas, theoretic studies on the methods, content, and problems of the
policy sciences, and papers dealing with the policy sciences as a subject for





