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means of an electrical insulation system
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A track-bound vehicle electric machine and a
driving arrangement for a track-bound vehicle

TECHNICAL FIELD OF THE INVENTION AND BACKGROUND
ART

The present invention relates to a track-bound vehicle electric
machine comprising:

a stator having a stator body with a stator winding wound there-
around and configured to electrically create a plurality of stator
poles disposed around the inner periphery of the stator body,
means configured to connect said stator winding to an AC
source or receiver, a rotor rotatably disposed within said stator
and having a plurality of permanent magnets, and an electrical
insulation system with insulating means comprising first insulat-
ing means insulating said stator winding with respect to earth by
at least insulating them with respect to said stator body, as well
as a driving arrangement for a track-bound vehicle having such
an electric machine.

Such an electric machine may operate as motor and/or genera-
tor, although this disclosure will focus mainly on the operation
thereof as a motor.

By using a plurality of permanent magnets to produce the mag-
netic flux of the rotor a synchronous motor called permanent
magnet synchronous motor is achieved. Such a motor has lower
rotor losses compared to an induction motor and thus higher ef-
ficiency. It can also be built with a higher pole number, com-
pared to an induction motor, without sacrificing performance, so
that it can have a higher torque capability, features making such
an electric machine particularly interesting as a track-bound ve-
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hicle electric machine for which a high torque capability with re-
spect to a determined size of the motor is an important feature.

Fig 1a illustrates schematically how an electric machine of this
type is normally arranged in a track-bound vehicle 1, such as a
rail vehicle, for generating a traction force of this vehicle. It is
shown how the vehicle is in this case configured to move along
an AC-supply line 2, which accordingly acts as a AC source and
which may for example carry a one-phase alternating voltage of
15 kV and 16% Hz (Sweden) and 25 kV and 50 Hz (Denmark).
However, the invention is not restricted to such an AC source,
but the vehicle may have any other conceivable corresponding
source, such as a diesel motor.

The vehicle has a transformer 3 for transforming the voltage
from the supply line 2 to a suitable level. The secondary winding
of the transformer is connected to a converter 4 making it possi-
ble to obtain a control of the power flow between the supply line
and the vehicle. This converter is controlled by a first control
unit 5 for generating a direct voltage of for example 1.5-3kV fed
to a further converter 6 controlled through a second control unit
7 for generating a train of pulses according to a Pulse Width
Modulation pattern for delivering a three-phase alternating volt-
age connected to the stator winding (not shown) of an electric
machine 8 for driving the vehicle. The second control unit 7 will
receive orders from the driver of the vehicle for adapting the
frequency of the voltage delivered to the stator winding to the
vehicle speed desired.

Fig 1b illustrates the case of having a power supply line 2’ in the
form of a DC-source, and then the transformer 3 and the recti-
fying converter 4 of Fig 1a are not needed. However, the DC-
power supply line 2° may be connected to a DC/DC-converter
4.1 controlled by the control unit 5 if the DC-power supply volt-
age is for example 3 kV for adjusting the voltage level to for ex-
ample 1500 V. For low power-supply voltages or even 3 kV the



10

15

20

25

30

35

WO 2010/145937 PCT/EP2010/057699

DC/DC-converter 4.1 may not be needed. An inductor will then
be connected in series with the DC supply instead.

It is shown how the line 9 (a three-phase line) connecting the
converter 6 and the machine 8 may be provided with a contactor
10, in the reality or mostly one such contactor per phase, for
making it possible to stop the feeding of power to the machine 8
when this is desired. Such a desire exists if for instance a short-
circuit failure occurs in connection with the stator winding of the
machine 8. Such a short-circuit failure may result from any par-
ticle entering the electric machine and causing a rupture in said
insulating means or any other type of failure of said electrical in-
sulation system.

However, such short-circuits impose particular problems in a so-
called permanent magnet machine not present in the case of an
induction machine. This is due to the fact that during a short-cir-
cuit in a permanent magnet machine the magnetic flux from the
permanent magnets of the rotor is feeding energy into the short-
circuit as long as the rotor is rotating and the magnets are pro-
ducing a flux that is linked with the short-circuit. This could po-
tentially lead to elevated temperature inside the machine in spite
of a disconnecting of the line 9 by controlling the contactor 10
due to the large current produced. This large current may in the
worst case result in such high temperatures in the short-circuit
spot that large volumes of smoke will be generated through
evaporation of material of insulating means of the machine.
Such smoke may cause safety problems for the surroundings,
especially in for example trains, and create panic among pas-
sengers. Accordingly, this has to be avoided.

One known way of obtaining this is to combine an opening of a
said contactor with a control of powerful cooling means for
keeping said temperature sufficiently low for avoiding smoke
generation upon detection of a said short-circuit. However, this
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solution is rather costly and lacks reliability owing to the exter-
nal control necessary.

Another known solution to the problem is to short-circuit the ma-
chine and design it with a high inductance which enables the
short-circuit current to be close to the rated machine current.
However, designing a permanent magnet machine for high in-
ductance so as to limit the short-circuit current to the rated cur-
rent reduces the peak output power of the machine and thus
makes it heavy and bulky.

US 6 313 560 B1 discloses another way to address the above
problem. The stator and the rotor material carrying the magnetic
flux is in this machine of ferrite material, which is heated up by
the heat generated from the short-circuit. When the ferrite mate-
rial reaches its Curie temperature the reluctance will be very
high which eliminates the rotor magnets to feed energy into the
short-circuit. The disadvantage of this solution is the ferrite
powder material pressed together to form the stator and the ro-
tor and if the machine is designated for large torque application
the size of the stator and rotor require very large pressing ma-
chines to manufacture the stator and rotor. Another disadvan-
tage of using ferrite material to build stator and rotor of an elec-
tric machine is that such a material is not as robust as such
components produced from conventional steel laminations. Fur-
thermore, the cost of ferrite material is mostly higher than for
steel.

Accordingly, it is desired to find an alternative solution to the
problem discussed above.

SUMMARY OF THE INVENTION
The object of the present invention is to provide a track-bound

vehicle electric machine of the type defined in the introduction
which at least partly solves the above problems arising in the
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case of occurrence of a short-circuit in connection with said
stator winding of such an electric machine.

This object is according to the invention obtained by providing
such a machine, in which the material of said permanent mag-
nets, the design of said rotor and the material of insulating
means of said electric insulating system are selected so that
would upon occurrence of a short-circuit failure in connection
with said stator winding in operation of said machine with rotat-
ing rotor said permanent magnets reach a threshold temperature
Ty as of which the magnetic flux from the permanent magnets in
a gap between said stator body and the rotor is zero or not
linked with the stator winding this will happen at a temperature
Tsw in said stator winding resulting in a temperature T, of said
insulating means being below the temperature T, at which the
material of said insulating means will start to evaporate.

By selecting the material of said permanent magnets, the design
of said rotor and the material of insulating means of the electric
insulating system in this way the temperature at which the mate-
rial of the insulating means will start to evaporate may never be
reached, since the magnet flux from the permanent magnets in
said gap will at a lower temperature of the stator winding be
zero or not linked with the stator winding in case of a stator
winding failure, so that there will be no magnetic flux from the
rotating rotor feeding the short-circuit. Thus, an inherent safety
of the electric machine will be obtained, since it will efficiently
prevent generation of smoke to occur upon occurrence of a
short-circuit failure in connection with a stator winding of the
machine without any need of external control and cooling ar-
rangements. Would the permanent magnets reach said threshold
temperature they would not produce any magnetic flux in said
gap, so that no currents are induced in the stator winding by the
rotating rotor. No currents in the stator windings means that the
permanent magnets are slightly cooled down and then said
magnetic flux is not zero any longer and the permanent magnets
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start to feed energy into the short-circuit spot again. Then the
permanent magnets will be heated again and so on.

According to an embodiment of the invention the temperature T,
of said insulating means at said threshold temperature T, of said
permanent magnets is at least 20°C, preferably at least 50°C
below the temperature T, at which the material of said insulat-
ing means will start to evaporate. A selection of the three pa-
rameters of the material of the permanent magnets, the design
of the rotor and the material of said insulating means, resulting
in such a temperature of said insulating means at said threshold
temperature of the permanent magnets with respect to said
evaporation temperature results in an advantageous and suffi-
cient safety margin reliably excluding any risk of generation of
disturbing smoke upon occurrence of a said short-circuit failure.

According to another embodiment of the invention said threshold
temperature T, of said permanent magnets is 40°C-150°C higher
than the highest possible temperature of said permanent mag-
nets in normal operation of said machine without any short-cir-
cuit failure occurrence. It is suitable to select such a material for
the permanent magnets ensuring that said threshold tempera-
ture will never be reached during normal operation of the ma-
chine. However, the threshold temperature may still be reached
before the temperature of electric machine parts, such as insu-
lation material thereof, gets too high.

According to another embodiment of the invention said perma-
nent magnets are buried in a body of the rotor having rotor
bridges of ferromagnetic material between adjacent permanent
magnets configured to create a magnetic flux path between said
magnets inside the rotor through which a portion of the magnetic
flux between said permanent magnets is flowing in normal op-
eration of said machine. This means that the magnetic flux from
the permanent magnets does not have to be zero for obtaining a
zero magnetic flux in said gap. This means that the permanent
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magnets will never be completely demagnetized upon occur-
rence of a said short-circuit, so that they may be used again.
Furthermore, this makes it possible to use a material having a
comparatively high Curie temperature, such as SmCo, for the
permanent magnets of the electric machine.

According to another embodiment of the invention said perma-
nent magnets are mounted at or close to the outer peripheral
surface of said rotor, and said permanent magnets are of a ma-
terial having a Curie temperature Tc corresponding to said
threshold temperature T,.

According to another embodiment of the invention said material
of said permanent magnets is NdFeB or ferrite. These materials
have such low Curie temperature that there is no need to use
insulating material for the electrical insulation system with-
standing much higher temperatures than about 300°C, even if
the permanent magnets are mounted close to said outer peri-
pheral surface of the rotor.

According to another embodiment of the invention said material
of said permanent magnets is SmCo. Such a material has a
higher Curie temperature than the materials according to the
embodiment previously mentioned, which makes it favourable to
combine this material choice with a buried arrangement of said
permanent magnets for lowering said threshold temperature T,
and by that reduce the need of high temperature resistance of
said insulating material.

According to another embodiment of the invention said first in-
sulating means surrounding said stator winding comprises insu-
lating material such as mica/glass tapes, polyimide films and
other materials impregnated and cured with a silicone or epoxy
resin wound around said stator winding allowing the temperature
thereof to at least temporarily reach 280°C - 350°C at said
threshold temperature T, of said permanent magnets. It has
turned out that such a material of said insulating means is suit-
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able for an electric machine having the permanent magnets
buried and made of said material.

According to another embodiment of the invention said stator
winding comprises coils each made of a plurality of individual
conductors in a bundle mutually insulated by being surrounded
by a second insulating means of said electrical insulation sys-
tem in the form of a layer of a material having a fusing tem-
perature T; being at least 10°C lower than the fusing tempera-
ture of said first insulating means. Said second insulating means
surrounding said individual conductors may by this fuse and by
that create an electric contact between adjacent such conduc-
tors in the bundle before the fusing temperature of the first in-
sulating means is reached. This results in a reduction of the
number of turns in said coil and by that of the magnetic flux
generated, so that the density of the current therein will be low-
ered and by that the temperature resulting from this current be
lowered. This will then contribute to the prevention of fusing of
said first insulating means insulating the stator winding with re-
spect to earth.

According to another embodiment of the invention said fusing
temperatures T; of said second insulating means is at least
10°C, preferably at least 20°C, lower than said temperature T,
in said stator winding at said threshold temperature T, of said
permanent magnets upon occurrence of a short-circuit failure in
connection with the stator winding. This means that said second
insulating means will fuse before the permanent magnets will
reach said threshold temperature and start to counteract further
temperature rise by a successive reduction of the number of
turns in a said coil of the stator winding. Accordingly, the pre-
sent invention is not restricted to the case that the threshold
temperature T, as of which the magnetic flux from the perma-
nent magnets in a gap between the stator body and the rotor is
zero is in fact reached; but it also covers the case that this tem-
perature is never reached. This means a potential possibility to
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save the permanent magnets and all parts of the electrical in-
sulation system except for said second insulating means in the
case of an occurrence of a short-circuit in connection with a
stator winding of the machine.

According to another embodiment of the invention said second
insulating means is made of a polyimide film. Such a material
may be selected to have a fusing temperature suitable for this
application.

The invention also relates to a driving arrangement for a track-
bound vehicle comprising an electric machine according to the
present invention and a converter configured to deliver an alter-
nating voltage to said stator winding. The advantages of such a
driving arrangement as well as such a driving arrangement fur-
ther comprising a control device for controlling said converter by
Pulse Width Modulation appear clearly from the above-discus-
sion of an electric machine according to the present invention in
connection with the introductory portion of this disclosure.

The invention also relates to a use of an electric machine ac-
cording to the present invention in a driving arrangement for
generating a traction force of a track-bound vehicle as well as a
track-bound vehicle having a driving arrangement for generating
a traction force of the vehicle including at least one electric ma-
chine according to the present invention.

Further advantages as well as advantageous features of the in-
vention will appear from the following description of embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
With reference to the appended drawings below follows a spe-

cific description of embodiments of the invention cited as exam-
ples. In the drawings:
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Fig 1b

Fig 2

Fig 3

Fig 4

Fig 5a

Fig 5b

Fig 6

Fig 7
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is a very schematic view illustrating how a track-bound
vehicle electric machine of the type to which the pre-
sent invention is directed may be connected and con-
trolled in such a vehicle,

is a view similar to Fig 1a for the case of a DC-supply
line instead of an AC-supply line for feeding the electric
machine.

is a very schematic side elevation view illustrating the
stator and the rotor of an electric machine of the type,
to which the present invention relates,

is a simplified enlarged view of a slot of the stator body
shown in Fig 2 provided with stator winding coils,

is a view of a part of the electric machine according to
Fig 2 showing the magnetic flux lines created by the
permanent magnets of the rotor in no load conditions of
the machine,

is an enlarged view corresponding to Fig 4 of a part
thereof, in which only magnetic flux lines belonging to
magnetic flux paths closed in rotor bridges of ferro-
magnetic material are shown,

is a view corresponding to Fig 5a showing magnetic
flux paths closed in other such rotor bridges,

is a graph of magnetic flux density B versus magnetic
field strength H for a NeFeB permanent magnet for dif-
ferent temperatures,

is a graph of temperatures in conductors of a stator
winding coil in an electric machine according to an em-
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bodiment of the invention versus time after occurrence
of a said short-circuit failure for different number of
adjacent conductors short-circuited with respect to
each other,

Fig 8 is a simplified view similar to Fig 2 of only the rotor of
an electric machine according to a second embodiment
of the invention, and

Fig 9 is a view corresponding to Fig 8 of a rotor in an electric
machine according to a third embodiment of the inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

Fig 2 shows schematically in an axial end view some of the main
parts of an electric machine of the type to which the present in-
vention relates. Reference is at the same time made to Fig 3.
The invention is not restricted to any power levels of such ma-
chines, but these are normally designed to consume/deliver
powers of some kW - several MW. This track-bound vehicle
electric machine has a stator 11 with a stator body 12 with a
stator winding 13 wound therearound and configured to electri-
cally create a plurality of stator poles disposed around the inner
periphery of the stator body. The stator winding 13 is received in
radial slots 14 in the stator body, extending over the entire
length of this body. 48 slots are in this way uniformly distributed
around the inner periphery of the stator body 12, so that 12 said
slots belong to one stator pole in the case of a four-poles elec-
tric machine as in the embodiment shown in Fig 2.

The stator winding comprises coils 15, 16 in the form of a bot-
tom coil 15 and a top coil 16 in each said slot 14 separated by
coil spacer elements 17 for tolerance adjustment. Each coil is
form wound and made of a plurality of individual conductors 18
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in a bundle mutually insulated by being surrounded by a second
insulating means 19 of a suitable material, such as polyimide
film, corona resistant such film for stator winding voltages above
800V (see further below). Each coil is surrounded by a first in-
sulating means in the form of a main insulation 20 comprising
insulating material such as mica/glass tapes, polyimide films
and other materials impregnated and cured with a silicone resin.
A slot liner 21 is arranged for protection of the coils during as-
sembly and functions also as a moisture barrier. Said first insu-
lating means insulates the stator winding with respect to earth
by insulating it with respect to the stator body 12.

The electric machine further comprises a rotor 22 with a rotor
body 23, which as the stator body is preferably made of a high
number of thin steel laminates pressed together for keeping
eddy current losses in these bodies at low levels. The rotor
body 23 is rotatably disposed within the stator and has a plural-
ity of permanent magnets 24 buried therein. The rotor body 23 is
rigidly connected with respect to rotation to a rotor axle 25,
which is connected to the wheel axle of the vehicle 1, possibly
through a gearbox.

The permanent magnets are arranged according to a “large V’
and “small V" per pole so as to form two north poles 26, 27 and
two south poles 28, 29. It is pointed out that although Fig 2 indi-
cates that four magnets, two small ones 30, 31 and two larger
ones 32, 33, are arranged per pole each of these magnets may
be formed by a plurality of magnets successively introduced into
a longitudinal slot for each of these magnets formed in the rotor
body.

The extension of the magnetic flux lines of the electric machine
shown in Fig 2 is schematically illustrated for a part thereof in
Fig 4. It is shown how the magnetic flux (see arrows) goes from
the permanent magnets of the rotor belonging to the north pole
26 out into the stator body for entering the rotor body 23 again
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in the two south poles 28, 29 for returning through the two per-
manent magnets of these poles closest to the pole 26. However,
not all the magnetic flux lines extend in paths closed through the
gap 34 between the stator and the rotor but some of them ex-
tend in magnetic flux paths never crossing said gap. This is due
to the fact that the permanent magnets are buried in the rotor
body and arranged so that rotor bridges 35 between the perma-
nent magnets and the outer periphery of the rotor body and rotor
bridges 36 between permanent magnets belonging to the same
V are formed while creating a magnetic flux path between
permanent magnets inside the rotor through which a portion of
the magnetic flux between the permanent magnets is flowing in
normal operation of the machine. These rotor bridges needed for
obtaining mechanical stability of a rotor of this type with buried
magnets may in this way be utilized and particularly designed
for creating such magnetic flux paths of importance for a par-
ticular embodiment of the present invention, which will be ex-
plained further below.

These magnetic flux paths 37, 38 in the rotor bridges 35 and 36,
respectively, are schematically indicated in Fig 5, from which it
appears that about 20 percent of the magnetic flux lines will be
closed in these paths.

The basic idea of the present invention will now be explained.
This basic idea is to select the material of the permanent mag-
nets 30-33, the design of the rotor, i.e. how the permanent mag-
nets are arranged therein, and the material of insulation means
of an electrical insulation system of the machine, so that would
upon occurrence of a short-circuit failure in connection with the
stator winding in operation of the machine with rotating rotor the
permanent magnets reach a threshold temperature T, as of
which the magnetic flux from the permanent magnets in said gap
34 between the stator and the rotor is zero or not linked with the
stator winding this will happen at a temperature T, in the stator
winding resulting in a temperature T, of said insulating means
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being below the temperature T,, at which the material of the in-
sulating means will start to evaporate.

When a short-circuit failure occurs in connection with a stator
winding, such as between the stator winding and earth (stator
body) as a consequence of for instance introduction of any par-
ticle into the machine, the contactors 10, when present, will
open or the converter 6 will otherwise be blocked, so that no
energy is fed into the stator winding from this converter. How-
ever, the magnetic flux from the permanent magnets of the ro-
tating rotor will continue to feed energy into the short-circuit as
explained thoroughly further above. In the embodiment of the
rotor shown in Fig 2 this will continue until the temperature of
the permanent magnets 30-33 is raised to a level in which the
entire magnetic flux remaining flows in the magnetic flux paths
closed through said rotor bridges as shown in Fig 5a and 5b.
This will happen at a temperature below the Curie temperature
Tc of the material of the permanent magnets, so that T, will in
this case be clearly below, such as at least 10°C or at least
20°C, below Tg.

When choosing NeFeB as material of the permanent magnets
having a T. of about 280°C, this means that said permanent
magnets will stop to feed energy into the short-circuit when the
temperature of the permanent magnets reaches 260-270°C. This
may then typically result in a corresponding temperature Tg, In
the stator winding, which in its turn may result in a correspond-
ing temperature T, of insulating means of the machine in the or-
der of 280-350°C. Accordingly, the material of said insulating
means is to be selected so that the temperature T, at which the
material thereof will start to evaporate is above this temperature
T;, advantageously by at least 20°C and preferably by at least
50°C. It is in this case of permanent magnetic material and in-
sulating means material suitable to design the machine so that
these materials will never reach higher temperatures than about
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200°C and 250°C, respectively, at normal operation of the ma-
chine.

Fig 6 illustrates magnetic flux density versus magnetic field
strength for NeFeB as material for a permanent magnet for dif-
ferent temperatures showing that the magnet will be practically
demagnetized at 300°C.

Thus, the present invention results in an electric machine with
an inherent short-circuit failure safety, since prevention of crea-
tion of smoke from evaporating insulating materials will be inde-
pendent of any contactor function and independent of any motor
cooling method, but dependent on choice of magnetic and insu-
lating materials.

A further development of the present invention is to choose the
material of said second insulating means having a fusing tem-
perature T; being at least 10°C, preferably at least 20°C, lower
than the temperature T, in the stator winding at the threshold
temperature T, of the permanent magnets upon occurrence of a
short-circuit failure in connection with the stator winding. This
means that said second insulating means will fuse and by that
create an electric contact between adjacent conductors in a
stator winding coil before the permanent magnets reaches the
temperature Ty and before the fusing temperature of the first in-
sulating means is reached. Fig 7 shows what is happening when
this occurs, in which a, b, ¢, d, e, and f shows the temperature
in the conductors of the stator winding coil without any short-cir-
cuiting of adjacent conductors, with two, three, four, five, and
six, respectively, adjacent conductors in the coil short-circuited.
Such a short-circuiting of adjacent conductors results in a re-
duction of the number of turns in the coil and by that of the
magnetic flux generated, so that the density of the current
therein will be lowered and by that the temperature resulting
from this current be lower. Thus, said second insulating means
will fuse before the permanent magnets will reach said threshold
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temperature and start to counteract further temperature rise by a
successive reduction of the number of turns in a said coil of the
stator winding resulting in a potential possibility to save the
permanent magnets and all parts of the electrical insulation
system except for said second insulating means in the case of
an occurrence of a short-circuit in connection with the stator
winding of the machine.

Fig 8 schematically shows an alternative rotor design with per-
manent magnets 40-42 arranged according to three different di-
rections per pole and buried within the rotor body, whereas Fig 9
shows an alternative rotor design with permanent magnets 50
mounted at or close to the outer peripheral surface of the rotor,
which means that the permanent magnets are of a material
having a Curie temperature T substantially corresponding to
said threshold temperature To. This design results in higher de-
mands upon high temperature resistance of the insulating mate-
rial used in said electric insulating system of the electric ma-
chine than in the case of buried permanent magnets in the rotor
body resulting in a lower T, for a certain permanent magnet
material.

The invention is of course not in any way restricted to the em-
bodiments described above, but many possibilities to modifica-
tions thereof will be apparent to a person with skill in the art
without departing from the scope of the invention as defined in
the appended claims.

A track-bound vehicle according to the invention may have any
number of electric machines according to the invention, such as
6 such machines for a two wagon train.
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CLAIMS

1. A track-bound vehicle electric machine (8) configured to gen-

erate a traction force of a said vehicle (1) and comprising:

e a stator (11) having a stator body (12) with a stator winding
(13) wound therearound and configured to electrically create
a plurality of stator poles disposed around the inner periphery
of the stator body,

e means (9) configured to connect said stator winding to an AC
source or receiver,

e a rotor (22) rotatably disposed within said stator and having a
plurality of permanent (24, 30-33, 40-42, 50) magnets, and

e an electrical insulation system with insulating means compris-
ing first insulating means (20) insulating said stator winding
with respect to earth by at least insulating it with respect to
said stator body (12),

characterized in that the material of said permanent magnets,

the design of said rotor and the material of insulating means of

said electric insulating system are selected so that would upon

occurrence of a short-circuit failure in connection with said sta-

tor winding (13) in operation of said machine with rotating rotor

(22) said permanent magnets reach a threshold temperature T,

as of which the magnetic flux from the permanent magnets in a

gap between said stator body and the rotor is zero or not linked

with said stator winding this will happen at a temperature T, In

said stator winding resulting in a temperature T, of said insulat-

ing means being below the temperature T., at which the material

of said insulating means will start to evaporate.

2. An electric machine according to claim 1, characterized in
that the temperature T, of said insulating means at said thresh-
old temperature Ty of said permanent magnets is at least 20°C,
preferably at least 560°C below the temperature T,, at which the
material of said insulating means will start to evaporate.
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3. An electric machine according to claim 1 or 2, characterized
in that said threshold temperature T, of said permanent magnets
is 40°C-150°C higher than the highest possible temperature of
said permanent magnets in normal operation of said machine
without any short-circuit failure occurrence.

4. An electric machine according to any of the preceding claims,
characterized in that said permanent magnets (30-33, 40-42)
are buried in a body (23) of the rotor having rotor bridges (35,
36) of ferromagnetic material between adjacent permanent mag-
nets configured to create a magnetic flux path (37, 38) between
said magnets inside the rotor through which a portion of the
magnetic flux between said permanent magnets is flowing in
normal operation of said machine.

5. An electric machine according to claim 4, characterized in
that said permanent magnets (30-33) and rotor bridges (35, 36)
are designed to have a said portion of 5% - 40%, or 15-35%, so
that said threshold temperature T, will be reached when the
magnetic flux between adjacent said permanent magnets has
been reduced to be equal to said portion as a consequence of a
temperature rise of the permanent magnets.

6. An electric machine according to any of claims 1-3, charac-
terized in that said permanent magnets (50) are mounted at or
close to the outer peripheral surface of said rotor (22), and that
said permanent magnets are of a material having a Curie tem-
perature T¢ corresponding to said threshold temperature T,.

7. An electric machine according to any of the preceding claims,
characterized in that said material of said permanent magnets
is NdFeB or ferrite.

8. An electric machine according to any of claims 1-6, charac-
terized in that said material of said permanent magnets is
SmCo.
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9. An electric machine according to claim 7 or claim 8 depend-
ent upon claim 4 or 5, characterized in that said first insulating
means (20) surrounding said stator winding comprises insulating
material such as mica/glass tapes, polyimide films and other
materials impregnated and cured with a silicone or epoxy resin
wound around said stator winding allowing the temperature
thereof to at least temporarily reach 280°C - 350°C at said
threshold temperature T, of said permanent magnets (30-33, 40-
42).

10. An electric machine according to any of the preceding
claims, characterized in that said stator winding (13) comprises
coils (15, 16) each made of a plurality of individual conductors
(18) in a bundle mutually insulated by being surrounded by a
second insulating means (19) of said electrical insulation system
in the form of a layer of a material having a fusing temperature
T; being at least 10°C lower than the fusing temperature of said
first insulating means (20).

11. An electric machine according to claim 10, characterized in
that said fusing temperature T; of said second insulating means
(19) is at least 10°C, preferably at least 20°C, lower than said
temperature T, in said stator winding (13) at said threshold
temperature T, of said permanent magnets upon occurrence of a
short-circuit failure in connection with the stator winding.

12. A driving arrangement for a track-bound vehicle, character-
ized in that it comprises an electric machine (8) according to
any of claims 1-11 and a converter (6) configured to deliver an
alternat-ing voltage to said stator winding.

13. A driving arrangement according to claim 12, characterized
in that it further comprises a control device (7) for controlling
said converter (6) by Pulse Width Modulation.
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14. Use of an electric machine according to any of claims 1-11
in a driving arrangement for generating a traction force of a
track-bound vehicle (1).

15. A track-bound vehicle having a driving arrangement for gen-
erating a traction force of the vehicle including at least one
electric machine (8) according to any of claims 1-11.
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