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TRANSPORTATION requirements in
urban areas have risen so sharply
in the last ten years they can no longer
be sufficiently met by existing facilities.
There has been a constant rise in the
number of people tending to use their
own vehicles rather than public trans-
port, with the result that the amount of
traffic space available in urban areas is
no longer able to meet the demands.
There is certainly no other means of
transport that can compete with the
convenience of the automobile, which at
once explains why it is assured of sue-
cess.] At the same time, however, it has
given rise to the well known difficulties
of urban traffic and because of its noise
an emission of exhaust gas it is more
detrimental to the environment than any
other means of transport.

Our present public transit systems,
and more particularly rail-bound trans-
port and buses, are unable to compete
;v_ilth or completely replace the automo-

ile.

This situation compels us to think
about developing new transport systems,
since this would be our only way of win-
ning over a greater part of the traffic
volume, thereby preventing any further
upsurge of car traffic in urban areas.

We must also take into account the
fact that personnel expenses, which to-
day account for about 70% of the oper-
ating costs of public transport, will rise
even higher in the future and will thus
become prohibitive. It will also become
increasingly difficult to obtain personnel
for holiday and night work. Only by
employing new and fully automatic tran-
sit systems will we be able to master
these difficulties.

THE DEMANDS PLACED ON ANY
NEW TRANSPORT SYSTEM

New transport systems must meet
certain demands if they are to fulfill
their purpose and be economically viable.
Such demands include: low track con-
struction costs, long running time of the
vehicle between check-ups, simplicity of
repairs, minimal labour requirements for
repairs and maintenance, comfortable
ride, attractiveness to the passenger,
safety, absence of noise and no trans-
mission of vibrations to the environment.

Such demands cannot be met by the
present wheel-supported vehicles sys-
tems. If they do satisfy the environ-
mental conditions, are noiseless and
cause no vibrations, then they become
expensive and require a lot of mainte-
nance. The relatively wear-resistant
steel wheel on rail systems encumber
the environment with noise and vibra-
tions.

Only contactless suspension systems,
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such as have been increasingly devel-
oped in recent years, hold any prospects
for a solution. They operate either on the
air-cushion principle or on the principle
of magnetic levitation. A common char-
acteristic of these suspension systems is
that their weight is evenly distributed
over a section of the guideway so that
concentrated loads are avoided. Costs can
therefore be reduced. One disadvantage
would lie in the fact that such systems
require energy for levitation, and this
may be quite considerable in the case
of the air-cushion system. Furthermore,
expensive precautionary measures will
have to be taken to ensure that, during
a power failure, the safety and mobility
of the vehicle can be guaranteed.

THE PRINCIPLE OF
PERMANENT-MAGNETIC
LEVITATION

All these difficulties can be avoided,
while, at the same time, retaining the
advantages of the non-contact suspen-
sion system, if we apply the principle of
magnetic levitation using permanent
magnets.

Here we can put to good use the well
known phenomenon that like poles of
two permanent magnets will repel one
another. If two suitable magnets are
used, the forces of repulsion will be so
great that, in addition to their own
weight, they will be able to support a
considerable payload.

The following are the specific char-
acteristics and advantages of the perma-
nent-magnetic suspension: no energy is
required, thus ensuring absolute safety
and no energy costs; quietness of oper-
ation; because of the smooth spring
characteristic, no vibrations are trans-
mitted to the environment; smooth and
comfortable ride at no additional ex-
pense; no wear and tear, no friction, no
detrimental affects on the environment
and only minimal maintenance costs;
passive switches of simple design that
are relatively inexpensive.

There are also disadvantages, how-
ever, that should not be overlooked:
Permanent-magnet systems are stable in
one direction only (Earnshaw2). Other
systems, such as rollers or controlled
electro-magnets, must therefore be used
for lateral guidance. Permanent magnets
are at present still relatively expensive.

The positive features make the perma-
nent-magnetic suspension systems espe-
cially suitable for automatic urban trans-
port and more particularly for personal
rapid transit. Apart from the physical
laws applying to this system and its
characteristics, this work is intended to
describe some embodiments of the sys-
tem and discuss a design concept to
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indicate the potentialities of permanent-
magnetic suspension.

Characteristics

Only certain types of permanent mag-
nets are suitable for producing a large
repulsive force. They are characterized
by a high coercive force and a substan-
tially straight demagnetization curve,
Figure 1. The permanent magnets made
of ferrites (barium ferrite and strontium
ferrite) possess these qualities. They
were developed simultaneously and inde-
pendently by Krupp and Philips at the
beginning of the 1950’s.3.4 They are
made from cheap materials by a sinter-
ing process and could be manufactured
at a reasonable price by mass-production.
One disadvantage is their relatively
small energy density which limits the
load capacity.

A second group of magnetic materials
which are just as suitable is based upon
the combination of rare earth metals
with cobalt (e.g. Sm Coy). Their energy
density, and consequently their load ca-
pacity, is much higher than that of the
ferrites. The fact that at present they
are extremely expensive is a disadvan-
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tage and, for the time being, prevents

their being used. Therefore, only the

g:rmanent magnets made of ferrites will
discussed in this work.

The first proposals to utilize perma-
nent-magnets for supporting guided ve-
hicles came from Polgreens. 6. 7 and from
Kerr and Lynn.8 In recent years Baron
9,10 and Henning!l have made valuable
contributions towards the clarification of
various questions. An extensive survey
of the problems of permanent-magnet
levitation system is at present being
carried out by Krupp with the support of
the Federal Minister for Research and
Technology of the Federal Republic of
Germany.12 The theoretical and practical
knowledge gained from this developed,
make it possible to optimise the dimen-
sions of permanent-magnet levitation
systems and to predict their properties
under static and dynamic loading.

For supporting the vehicles, several
rows of magnets are placed along the
guideway in such & way that the rows
of magnets and the vehicle are directly
over them.

The force of repulsion, and hence the
load capacity, depends above all on the
geometrical dimensions of the perma-
nent magnets, on the distance between
the effective pole surfaces, and on the
arrangement of the magnets. The most
important arrangements of the numer-
ous possibilities are shown in Figure 2.

The load capacity is appreciably influ-
enced by the polarity of an adjacent
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Demagnetisation curves of SMCo; and
of the ferrite-type permanent-magnet
KOEROX 8304). +) KOEROX is a
registered trade mark of Fried. Krupp
GmbH, Essen.

FIGURE 1

*Krupp Research Institute, Essen.
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Some possible magnet arrangements
for permanent-magnet levitation sys-

tems.
FIGURE 2
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any energy costs and does not cause any
resistance to propulsion; safe levitation
and passage over switches are assured
even in the case of a power failure; the
suspension is noiseless and the environ-
ment is not disturbed by vibrations;
there is no wear and tear, and only a few
moving parts are necessary, thus only a
minimal amount of maintenance is re-
quired.

Consequently, the transport system
using permanent-magnet levitation as
described is very well suited to meet
the demands that will today be placed on
an¥ new public transport system.

he cost of the guideway magnets and
of their mounting would certainly be
higher than that of simple steel rails.
However, their special design dispenses
with separate conductors and conductor
mountings and makes possible a simple
and cheap solution to the switch prob-
lem. What is more important is the fact
that a_very high proportion of the over-
all guideway costs is accounted for by
the beam. This guideway beam is only
a simple box girder which can be pro-
duced automatically from strip steel, for
example, and which carries the magnets
for both directions of travel. The econ-
omy which can be achieved due to this
fact is considerably greater than the
higher cost of the permanent magnets.
On the basis of the experiments which
have been carried out it can be affirmed
that means of transport based on such
a permanent-magnet levitation system
would at least be no less favourable as
regards the capital expenditure and
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would offer higher riding comfort and
be safer, more durable and cheaper to
run than any other means of transport
having a similar function and capacity,
and also would be much less of a burden
to the environment.
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