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(57) Abréegée/Abstract:
The invention relates to an insulating cap (16a) for an end winding (10) of an electrical machine working at high voltage, which end

winding (10) comprises a plurality of insulated winding bars which protrude from winding slots and are electrically conductively
connected to one another In pairs at their ends, whereln the region of the electrical connection Is In each case Iinsulated with
respect to the outside by the insulating cap (16a) which is pushed over said connection with an opening (23).

An Improvement Is achieved in that the insulating cap (16a) has means (19) in the interior (17) which enable the high electric field in
the region of the electrical connection to be gradually dissipated to the outside (21) of the insulating cap (16a) which Is at earth

potential.
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ABSTRACT

The invention relates to an insulating cap (16a) for an
end winding (10) of an electrical machine working at
high voltage, which end winding (10) comprises a
plurality of insulated winding bars which protrude from
winding slots and are electrically conductively
connected to one another 1n palirs at their ends,
wherein the region of the electrical connection 1s 1in
each case insulated with respect to the outside by the
insulating cap (l6a) which 1s pushed over saild

connection with an opening (23).

An improvement 1s achieved 1in that the insulating cap
(16a) has means (19) in the interior (17) which enable
the high electric field in the region of the electrical
connection to be gradually dissipated to the outside
(21) of the insulating cap (16a) which 1s at earth

potential.

(Fig. 2)
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DESCRIPTION
INSULATING CAP FOR AN END WINDING OF AN ELECTRICAL

MACHINE WORKING AT HIGH VOLTAGE AND MACHINE HAVING SUCH
| AN INSULATING CAP

TECHNICAL FIELD

The present invention <relates to the field of

electrical machines. It relates to an insulating cap

for an end winding. It also relates to an electrical
machine having an end winding with such insulating

caps.

PRIOR ART

The electrical windings (of the rotor or stator) of
electrical machines working at high voltage, e.g.
electric generators or motors, in particular slip-ring
rotor motors, have end windings at the ends in which
the winding bars protruding from the slots of the
laminated cores are conductively connected to one
another 'in pairs. The electrical ccnnection is
frequently made by means of lugs which are soldered to
the conductor ends of the winding bars from which the
insulation has been removed. The connecting points are
then electrically insulated by pushing on special
insulating caps. Examples of such end windings are.
disclosed in publications DE 1 281 015 B, DE 42 37 0753
Al, EP 1 821 389 Al or US 4,309,636 A.

Insulating caps for end windings of electrical machines
working at high voltage which are - at high-voltage
potential are disclosed in the prior art. Insulating

caps of this kind cannot be earthed on the outside.
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Furthermore, it is known to provide a gradient material on the

P

inside of insulating caps (see, for example, WO 2004038735 Al)_'

in order to reduce the electrical field strength 1in the

F

interior of the insulating cap. The outside of insulating caps

of this type is still at high voltage however, so that the

external surface cannot be earthed.

However, it would be advantageous for various electrical and

mechanical reasons to be able to earth the external surface of

such insulating caps. Insulating caps which are at high
voltage on the inside and can assume any voltage potential
between high voltage and earth potential on the outside would

be necessary for this purpose.

SUMMARY OF THE INVENTION

An aspect of the present disclosure 1is directed to the

P

provision of insulating caps of the kind mentioned 1in the

introduction which enable the external surface to be earthed.

Another aspect of the present disclosure 1is directed to an
electrical machine having an end winding with insulating caps

of this kind.

p—

According to an aspect of the present invention, there 1s

*

provided an insulating cap for an end winding of an electrical

machine working at high voltage, which end winding comprises a

plurality of insulated winding bars which protrude from winding
slots and are'electrically conductively connected to one

another in pairs at their ends, wherein the region of the

electrical connection 1s in each case insulated with respect to
the outside by the insulating cap which 1s pushed over said

connection with an opening, the insulating cap having means 1in
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the interior which enable the high electric field in the region

F

of the electrical connection to be gradually dissipated to the

outside of the insulating cap which 1s at earth potential,

wherein the gradual dissipation means comprise a dgradlent layer

made of a gradient material which, when the insulating cap is

b

pushed on, reaches

from the region of the electrical connection

to the opening of the insulating cap, the insulating cap has a

central insulating layer which 1s provided on the outside with

an outer conductor layer or semiconductor layer, wherein an

inner conductor layer or semiconductor layer 1s arranged on the

g

inside of the central insulating layer 1n the region of the

electrical connection,

-

and wherein the gradient layer reaches

‘rom the inner conductor layer or semiconductor layer to the

opening of the insulating cap.

F

One aspect provides an insulating cap for the end winding of an

electrical machine working at high voltage, which end winding

comprises a plurality of insulated winding bars which protrude

from winding slots and are electrically conductively connected

to one another in pairs at their ends, wherein the region.o:

g

the electrical connection 1s 1n each case insulated with

respect to the outside by an insulating cap which 1s pushed

over said connection with an opening. The insulating cap has

means in the interior which enable the high electric field 1n

F

the region of the electrical connection to be gradually

ﬁ

dissipated to the outside of the insulating cap which is at

earth potential.

In one embodiment, the gradual dissipation means comprise a

P
—

gradient layer made oO:

L

a gradient material which, when the
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insulating cap 1s pushed on, reaches from the region of the

electrical connection to the opening of the insulating cap.

In an 1mprovement of this embodiment, the insulating cap has a
central insulating layer which i1s provided on the outside with
an outer conductor layer or semiconductor layer, in that an

inner conductor layer or semiconductor layer 1s arranged on the

g

inside of the central insulating layer in the region of the

electrical connection, and in that the gradient layer reaches
from the 1nner conductor layer or semiconductor layer to the

opening of the insulating cap.

In some embodiments, the gradient layer overlaps the 1nner
conductor layer or semiconductor layer in a limited overlapping

zZone.

In another embodiment, the gradient layer 1s extensively

embedded 1n the central insulating layer of the i1nsulating cap.

In another embodiment, the gradient layer 1s extensively

arranged on the central insulating layer of the insulating cap.

p—

" the present invention provides an electrical

Another aspect o:

machine working at high voltage which comprises a winding
having an end winding, wherein the end winding is fitted with
insulating caps according to the above described aspect of the

invention.

n some embodiments, preferably, at least one 1nsulating cap of

the end winding 1s earthed on the outside.

In some embodiments, all insulating caps of the end winding are

earthed on the outside or the whole end winding 1s earthed.
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BRIEF DESCRIPTION OF THE DRAWINGS

P

Non-limiting examples of embodiments of the invention will now

be explained in more detail below with reference to the

drawings.
5 Fig. 1
10 Fig. 2
Fig. 3

In the drawings

shows, 1in a perspective, simplified side view, two

P

winding bars of an end winding which are electrically

connected to one another at the ends and are
insulated with respect to the outside by a push-on

insulating cap;

shows the section through an insulating cap according

F

to a first exemplary embodiment of the invention; and

shows the section through an insulating cap accordling

F

to a second exemplary embodiment of the invention.
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DESCRIPTION OF EMBODIMENTS

Two winding bars 11 and 12 of an end winding 10, which
are electrically connected to one another at the ends
and are 1insulated with respect to the outside b'y. a
push-on insu.lating cap 16, are shown 1n a perspective,
simplified side wview 1in Fig. 1. In order to insulate
them against the laminated core (not shown), 1in the
slots of which they are accommodated, ' the winding bars
11 and 12 are encompasséd by an external insulation 13
which 1s removed at the ends of the winding bars 11, 12
in order to expose the central electrical conductors 14
of the winding bars 11, 12 for the electrical
connection. A special 1lug 15, which for example 1s
soldered to the exposed conductor ends of the winding
bars 11, 12, is used for the electrical connection. The
insulating cap 16 1s provided to 1nsulate the

electrical connection 14, 15.

According to the invention, the insulating cap 16 1s
designed so that the electrical connection 14, 15 can
be at high-voltage potential, while the outside of the
insulating cap 16 can be maintained at earth potential
or at any potential between earth potential and high-
voltage potential. This is achieved by special means

which are provided in the interior of the insulating
cap 16. These special means comprise a Jgradient layer
which can be arranged in different ways in the interior
of the insulating cap 1l6. Two exemplary embodiments of

this arrangement are shown in longitudinal section in

Figs 2 and 3.

Fig. 2 shows an insulating cap 1l6éa which, 1n
longitudinal section, has a U-shaped profile which
forms an interior 17 and is provided with an opening 23
on one side. The insulating cap 1l6a has a central

insulating laYer 20 which is covered on the outside

over its whole surface by an outer conductor layer oOr
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semiconductor 1layer 21. An inner conductor layer or
semiconductor layer 18 i1s arranged on the inside of the
central insulating layer 20 1n the region which
accommodates the electrical connection 14, 15. A
gradient layer 19, which reaches from the inner
conductor layer or semiconductor layer 18 to the
opening 23 of the 1nsulating cap 1l6a, 1s also provided.
In this exemplary embodiment, the gradient layer 19 1is
extensively embedded in the central insulating layer 20
of the insulating cap 1l6a. It overlaps the inner

conductor layer or semiconductor layer 18 1n a limited

overlapplng zone 22.

In the exemplary embodiment of Fig. 3, the gradient
laver 19 of the 1insulating cap 1l6b 1s extensively
arranged on the surface of the central insulating layer
20 of the insulating cap 16b. A limited overlapping
zone 22 with the inner conductor layer or semiconductor

layer 18 1s also provided here.

The gradient layer 19 produces (in operation) an
electrical gradient field which reaches from the high
voltage in the region of the electrical connection 14,
15 to the outer surface 21 of the 1nsulating cap 16a,b
and therefore enables a freely selectable potential on
the outer surface 21. A gradient material, such as that
disclosed in publication WO 2004038735 Al mentioned 1in
the 1introduction, 1is for example a possible material

for the gradient layer 19.

An earthing of individual caps and also an earthing of
the whole end winding |become possible with an
insulating cap 1l6a,b of this kind. If, for example, the
surface of the winding bars within the machine 1is
earthed, this reduces or entirely removes the risk of

unwanted partial discharges 1n the air.
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A further advantage conslsts 1n that the earthed
insulating caps enable a mechanical fixing to earthed
parts of the machine. This significantly improves the
mechanical stability and simplifies the design of the

end winding.

Further advantages, particularly in conjunction with
high-voltage machines such as generators, motors or
slip-ring rotor motors, are 1improved efficiency, higher
availability and - 1in the case of slip-ring rotor
motors - increased operating safety under critical
environmental conditions. Depending on the type of
machine, the insulating caps according to the invention
can be used with the rotor winding and/or the stator

winding.

A further advantage of the insulating caps according to
the invention consists in that thelr use enables whole

end windings to be earthed.

In numerous electrical machines, there 1s a risk of a
mixture of dust and o0il collecting in the end windings
during operation which can lead to leakage paths and

therefore to insulation faults.

The high-voltage windings are usually earthed on the
outside 1in the region of the laminated cores. The
voltage on the outer surface 1ncreases from the slots
of the laminated cores to the electrical connecting
points of the individual winding bars until 1t reaches
the high voltage of the machine. This high voltage on
the outer surface of the winding regquires adequate
clearances 1in air between the winding elements
themselves and the winding elements which are at earth
potential or which belong to a different phase. When
the machine, and especially the winding, is

contaminated, there 1s a c¢ertain risk of partial



10

15

20

CA 02775458 2012-04-26

discharges and leakage paths on the winding. This can

lead to faults and tc the breakdown of the insulation.

If the end windings as a whole are now earthed, the
clearance in air between the winding elements can be
optimized with regard to other  parameters, 1n
particular with regard to cooling. The clearances 1n
air of the winding elements with respect to the earthed
parts of the machine can then be eliminated or at least
drastically reduced. In this way, the electrical
machine becomes more tolerant to faults with regard to

dust and moisture.

The earthing of the end windings as a whole can
advantageously be realized using the 1nsulating caps
according to the invention. However, 1t 1s also
conceivable to achieve the advantages of overall
earthing in a different way without the special

insulating caps.
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CLAIMS:

1. An 1insulating cap for an end winding of an

electrical machine working at high voltage, which end

—

winding comprises aplurality of insulated winding bars which

protrude from winding slots and are electrically conductively

connected to one another 1n pairs at their ends, wherein a

region of the electrical connection 1s 1n each case
insulated with respect to an outside by the insulating cap
with an opening pushed over said connection, the insulating
cap having means 1in an interior which enable the high

gr—

electric field in the region of the electrical connection

—

to be gradually dissipated to the outside of the insulating

cap which is at earth potential, wherein

the gradual dissipation means comprise a gradient

r—

lLlayer made of a gradient material which, when the insulating

cap 1s pushed on, reaches from the region of the electrical
connection to the opening of the insulating cap, the
1nsulating cap has an insulating layer which is provided on
the outside with an outer conductor layer or semiconductor
lavyer,

wherein an 1inner conductor layer or semiconductor

P

layer 1s arranged on the inside of the insulating layer in

gr—

the region of the electrical connection, and

whereln the gradient layer reaches from the inner

gpr—
—

conductor layer or semiconductor layer to the opening of

the 1nsulating cap.
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2 . The 1nsulating cap as claimed in c¢laim 1,

wherelin the gradient layer overlaps the inner conductor

layer or semiconductor layer in a partly overlapping zone.

3. The i1nsulating cap as claimed in claim 1 or 2,

wherein the gradient layer is embedded in the insulating

p—

layer of the insulating cap.

4 . The 1insulating cap as claimed in claim 1 or 2,

wherein the gradient layer 1is arranged on the insulating

F

layer of the insulating cap.

5. An electrical machine working at high voltage

which comprises a winding having an end winding, wherein

the endwinding 1s fitted with insulating caps as claimed in

F—

any one of claims 1 to 4.

0. The electrical machine as claimed in claim 5,

pre—

wherein at least one i1nsulating cap of the end winding is

earthed on the outside.

7. The electrical machine as claimed in claim 6,
wherein all 1nsulating caps of the end winding are earthed

on the outside.



CA 02775458 2012-04-26

L \\\ lllfl' s, - s &
\.%. s e i, ST e e A
e 20Figh Fon e P e

y : W . T, Fid
O e 7 el Muﬁ.w.&a&ﬁ&.?#

g : e s 55 : =
Fow s .o Te e ottt L
el o .« oo BRI .




CA 02775458 2012-04-26

2/3

..

* T
= Al .\m

4 4]

&

v

»
4]

)
¢

"i_ g‘

T
% m_mgm__g.&w& it it kmﬁ%) K

:w
..* :

—_y

ot §§\-
A N R A e T R A S ey

L

xq ey ol

\m_wﬁ”\ ,....w_ “

sﬁ.&

23

16a



22

L 3

.
R

3/3

23

16b

CA 02775458 2012-04-26

o TR AT N | Al A .......... e 3 g 17 ; 3 )

d _.x _.\Tv‘. (el
4 VAT AR VTR DA o 2§ AT AN P O ;
. w L.l_.:. b \w . \Am, et far ! ﬂﬂ. t ._.x u.uh.... nmmf P
. R e
. “' 3 Q . _.—, L) &) 4 o K
R ‘ g .:.‘&r...wsh.&wwﬂrm

i
ey

Fig.3



N N v ) %\S\%&ﬁ%ﬂ\ %E\g
...}wﬁ.v&_xﬂé A X R R, e T e L S Sl D v e e ke

,?%u.r..._.ﬁ.. D R L B AT SR M A A £ T RN DI BT N A Limanf B
b..t..».mn\.. E&gﬁﬁh

23

16a



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - abstract drawing

