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(57) Abréegée/Abstract:

Electrical machines are to be constructed more compactly. To this end, an active part of an electrical machine having a carrier (9),
a plurality of colls (11, 12, 13) which are arranged on the carrier (9) and which each comprise a plurality of sub-conductors (14) and
a winding head area, in which the coills (11, 12, 13) project out of the carrier (9) in a curved shape, respectively and are connected
to one another, Is provided. At least one of the plurality of coils (11, 12, 13) has a coll arc in the winding head area, and the center
ine (15, 16, 17) of the coll runs In one plane In the coll arc. The sub-conductors (14) of one coll run parallel to the plane in the coill

arc of the coll and themselves In each case form sub-conductor arcs. The vertices (18) of the sub-conductor arcs of the coll form a
ine of Inclination (26) which runs at an angle to the plane.
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Abstract

Electrical machines are to be constructed more compactly. To this end, an active
part of an electrical machine having a carrier (9), a plurality of coils (11, 12, 13) which
are arranged on the carrier (9) and which each comprise a plurality of sub-conductors
(14) and a winding head area, in which the coils (11, 12, 13) project out of the carrier (9)
in a curved shape, respectively and are connected to one another, is provided. At least one
of the plurality of coils (11, 12, 13) has a coil arc in the winding head area, and the center
line (15, 16, 17) of the coil runs in one plane in the coil arc. The sub-conductors (14) of
one coil run parallel to the plane in the coil arc of the coil and themselves in each case
form sub-conductor arcs. The vertices (18) of the sub-conductor arcs of the coil form a
line of inclination (26) which runs at an angle to the plane.
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Description

Active part of an electrical machine having inclined coils 1in

the winding head area

The invention relates to an active part of an electrical
machine with a carrier and with a plurality of coils, which

are arranged on the carrier and which each comprise a

plurality of sub-conductors. In addition, the active part has
a winding head area, in which the coils project out of the
carrier in an arced shape and are connected to one another.
Each of the coils in the winding head area has a coil arc, and
the center line of the coil runs in one plane in the coil arc.
The sub-conductors of one coil run parallel to the plane in
the coil arc of the coil and themselves 1in each case form a

sub-conductor arc, wherein the vertices of the sub-conductor

arcs of the coil form a line of inclination, wherein the line

of inclination of each of the coils i1s arranged both at an
angle to a front face of the carrier and at an angle to the

main axis of the carrier.

Electrical machines such as motors, generators and

transformers each have one or more active parts which are

magnetically active. A motor, for example, has a stator and a

rotor as active parts.

Coils may be inserted or enclosed in the stator and/or rotor
of a motor or generator. The coils are then typically located
in or on a laminated core. The coils usually project out of

the front faces of cylindrical laminated cores and together

form a winding head of the rotor or stator.
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F

The winding head of electrical machines belongs to the

magnetically inactive parts that do not contribute to torque

formation. It is therefore desirable to keep the conductor

F

length and the overhang of the winding head as low as possible,

to avoid taking up space unnecessarily and to keep weight and

losses to a milnimum.

EP 1 643 619 A2 describes coil groups for the phases V and W,

gr—

in which the lines of inclination of the vertices of the sub-

conductor arcs are arranged both at an angle to the front ftace

of the carrier and at an angle to the main axis of the carrier.

WO 2008/107513 Al describes a coil head with a line otf

inclination of the vertices of the sub-coil arcs which 1s

arranged at an angle to a front face of the carrier and at an

angle to the main axis of the carrier.

WO 92/05618 Al describes a winding arrangement comprising a

stator with coils, which run conically in the direction of the

F

air gap and in which the lines of inclination of the vertices

of the sub-conductor arcs are arranged both at an angle to a

front face of the carrier and at an angle to the main axis of

the carrier.

In accordance with the invention of the present application,
there is provided an active part of an electrical machine,
having a carrier, a plurality of coils, which are arranged on

F
=

the carrier and which each comprise a plurality of

sub-conductors, and a winding head area, in which the coills

each project out of the carrier in an arced shape and are

F

connected to one another, wherein each of the coils has a coil

arc in the winding head area, and a center line of the coil
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essentially runs in one plane defined by the coil arc, and the

P

plurality of sub-conductors of the coll run parallel to the

plane defined by the coil arc of the coll and 1n each case form

sub-conductor arcs, wherein vertices of the sub-conductor arcs

F

of the coil form a line of inclination, wherein the line of

inclination of each of the coils 1s arranged both at an angle

g—

to a front face of the carrier and at an angle to the main axis

of the carrier, wherein: the planes of three adjacent coills

1)

occupy the angles 0°, 45° and 90° in respect of a front face o:

the carrier, from which the coils project.

According to another embodiment, there 1s provided a motor or

generator with the active part summarized above.

0

FIG 1 shows, by way of example, a conventional winding head of
a three-plane winding. This means that the (here) concentric
coils 1, 2 and 3 are positioned one over the other on three
levels or planes. The three coils project out of a laminated
core 4. The coils 1, 2 and 3 are shown in a longitudinal
section, 1n relation to the corresponding stator or rotor. The

g

outer end of each coil in the winding head area 5 1s shown here

pointing vertically downward.
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FIG 2 shows a variant of a winding head. Here, too, the
individual coils 1', 2’ and 3 emerge-initially vertically
from the front face 6 of the laminated core 4. The first coil
1', as in the example shown in FIG 1, is arced vertically
downward. The end of the coil 1' therefore runs parallel to

the front face 6. The end of the second coil 2', however, runs

at a 45° angle to the front face 6. It therefore has a line of
inclination 7 which is indicated by an arrow in FIG 2. An
inclined plane 8 is defined perpendicular to this line 7. The
outer end of the coil 2’ runs parallel to this inclined plane
8. If the coils 1', 2' and 3' are formed by sub-conductors,
these sub-conductors lie one over the other perpendicular to

the inclined plane 8.

The third coil 3' runs, in this sectional view, in a straight
line out of the front face 6 of the laminated core 4. The
inclined plane of this coil 3 therefore runs parallel to the

front face 6. The inclined plane of the first coil 1°',

however, is at a 90° angle to the front face 6.

A characteristic of the classic embodiment of the winding
heads shown in FIG 1 and FIG 2 is that they may be inclined at
different angles and that all conductors and/or sub-conductors
of the respective coil lie directly one over the other
perpendicular to the respective inclined plane. The
connections to be attached to the winding head make the

winding protrude even further overall.
The object of this invention therefore consists in making an

active part of an electrical machine, and its winding head

area in particular, more compact.
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According to the invention, this object is achieved by an
active part of an electrical machine with a carrier, a
plurality of coils, which are arranged on the carrier and
which each have a plurality of sub—conduCtors, and a winding
head area in which the coils project out of the carrier 1in the
shape of an and are connected to one another, wherein at least
one of the plurality of coils has a coil arc in the winding
head area and the center line of the coil essentially runs 1n
one plane in the coil arc, and the sub-conductors of the one
coil in the coil arc of the coil run parallel to the plane and
themselves in each case form sub-conductor arcs, wherein the
vertices of the sub-conductor arcs of the coil form a line of
inclination, wherein the line of iInclination of each of the
colls i1s arranged both at an angle to a front face of the
carrier and at an angle to the main axis of the carrier,
wherein the planes of three adjacent coills occupy the angles
0°, 45° and 90° in relation to a front face of the carrier

from which the coils project.

As a result of the angled course of the sub-conductors, space
may advantageously be gained which may be used for
connections, e.g. ring circult, etc. This meéns that the
winding head space can be put to better use overall, so that a

more compact active part may ultimately be manufactured.

The active part is preferably designed as a stator or rotor.
This enables the corresponding electrical machine to be
constructed more compactly than a machine with a conventional

stator and/or rotor with usual winding head design.

A connecting element can be arranged on the line of

inclination of the sub-conductor arcs of the coil. In this way

AMENDED SHEET
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the angled positioning of the coil, in which a space gain is
achieved compared to conventional colls, 1s used to
accommodate connecting elements. In general the connecting

elements can be fitted tightly to the coils at an angle,

thereby saving installation space overall.

In a preferred embodiment the plurality of coils are
distributed in the peripheral direction 1n the stator or
rotor, and the planes of the adjacent coils are at an angle

relative to one another in the winding head area. This has the

advantage that

AMENDED SHEET
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This enables the corresponding electrical machine to be
constructed more compactly than a machine with a conventional

stator and/or rotor with usual winding head design.

A connecting element can be arranged on the line of
inclination of the sub-conductor arcs of the coil. In this way
the angled positioning of the coil, in which a space gain 1is
achieved compared to conventional coils, is used to
accommodate connecting elements. In general the connecting
elements can be fitted tightly to the coils at an angle,

thereby saving installation space overall.

In a preferred embodiment the plurality of coils are
distributed in the peripheral direction in the stator or
rotor, and the planes of the adjacent coils are inclined
relative to one another in the winding head area. This has the
advantage that, even whilst the regquisite distances for
clearance and creepage are maintained, the active part and/or

the rotor or stator are designed more compactly.

n particular, the planes of three adjacent coils may occupy

e.g. the angles 0°, 45° and 90° 1in relation to a front face of
the carrier from which the coils project. Thus the coils can
also be arranged with regard to their inclination in the
winding head area. In particular, the three adjacent coils can

be assigned the phases U, V and W of a three-phase system.

The coils may, for example, be concentric coils. The invention
can therefore be used generally for concentric and non-

concentric coills.

Furthermore, the three coils may have different lengths. This

1s not critical for the effectiveness of the coils, but may
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bring advantages in terms of saving installation space. The
inventive active part, as already mentioned, 1s preferably

installed 1n a motor or a generator.

This invention will be explained in greater detail on the

basis of the attached diagrams, 1in which:

FIG 1 shows a winding head of a three-plane winding with
downwardly angled coils according to the prior art;

FIG 2 shows a winding head of a three-plane winding with
differently inclined coils according to the prior art,

and

FIG 3 shows a winding head of a three-plane winding with

differently inclined coils according to the i1nvention.

The exemplary embodiments described 1n greater detall below

represent preferred embodiments of the present i1nvention.

FIG 3 illustrates, by way of example, a winding head area of a
stator of an electrical machine. It shows the laminated core 9

of the stator. The cylindrical laminated core 9 has a front

face 10, from which (here) three coils 11, 12 and 13 project.
The front two coils 11 and 12 are shown with an insulator,

while the rear coil 13 is shown blank without insulator. The

'individual sub-conductors of the coill 13 can therefore be

SEEell.

Fach of the coils 11, 12 and 13 runs out of the front face 10
of the laminated core 9, makes an arc 1n the winding head area
and i1s led back into the laminated core 9. The center line 15,
16, 17 of each of the coils 11, 12, 13 runs in one plane 1in
the respective coil arc. This plane is perpendicular to the

respective inclined plane of a coil (c¢.f. inclined plane 8 of
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coill 2’ of FIG 2). The inclined plane 19 of coil 11 is marked
in FIG 3. It extends at an angle of 90° to the front face 10

of the laminated core 9. Similarly, the inclined plane of the

-

coll 12 would have an angle of 45° and the inclined plane of

the coil 13 would have an angle of 0°.

The sub-conductors 14 of the coil 13 do not lie vertically one

over the other with regard to the plane which is defined by
the center line 17. The sub-conductors 14 instead lie one over
the another at an angle with reference to this plane. This
means that the vertices 18 of the sub-conductor arcs lie on a
line which, with the plane described by the center line 17,
encloses the angle a. The contour of the coil, observed in a
longitudinal view of the stator, therefore runs in the angle «
at an angle 1n respect of the said plane. Accordingly, the

contour or line of the vertices of the sub-conductor arcs

occuples an angle of 90°- o in respect of the inclined plane

running vertically in FIG 3 (not marked in FIG 3 for the sake

of clarity).

Because the coilil 13 runs at an angle on the outer edge of the
winding head, space 1s gained which is used here for a

connection device 20. This is normally used for connecting the
individual coils 11, 12 and 13 to further coils of the stator.

The connection device 20, for example, has a copper conductor

21, 1n order to implement a ring circuit. The copper conductor

21 1s supported by an insulator 22 on the angled winding 13.

The coil 12 i1s not executed here at an angle to the plane,
which 1s spanned by the plane of the curved center line 16.
Its contour therefore also does not run at an angle, but
parallel to its inclined plane. The inclined plane here is at

a 45° angle in respect of the front face 10 of the laminated
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core 9. The vertex of the curved sub-conductors (under the
visible insulator in FIG 3) runs parallel to the inclined
plane. The resulting free space under the angled coil 13 can
likewise be used for a connection device 23. Here too, an

insulator 24 supports a copper conductor 25 against the coil

12.

The coil 11 marked at the front in FIG 3 is angled downward.

The plane which 1s spanned by 1its center line 15 in its arced

area runs parallel to the front face 10 of the laminated core
9. The coil 11 1s angled again here, i1i.e. its contour 26
observed in the longitudinal view or the center line of the

vertices of 1its sub-conductor arcs occupies the angle R in

respect of the inclined plane 19. The angle of the contour 26
to the plane defined by the center line 15 is accordingly 90°-
. A connection device 27 1s also arranged in the slope area

g

of the coi1l 11. Here 1t comprises an insulator 28, which here

supports a first copper conductor 29 and a second copper

conductor 30 against the coil 11.

Since the sub-conductors of a coil (coils 11 and 13 in the
example shown in FIG 3) do not lie perpendicularly one over
the other, the remaining cavities between the coils may be put
to better use. The sub-conductors of the coilils are shortened
from plane to plane, so that just the requisite distances for
clearance and creepage are malntained. The conductor lengths
and therefore the losses are reduced. The space requirement is

reduced and the resulting cavities can be used for

construction of the ring circuit or for insertion of cables or

cooling supply lines.

The cable length in the winding head can thus be

advantageously minimized, with the result that losses are
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reduced and effectiveness 18 1ncreased. The demonstrated
principle can not only be i1mplemented for three-plane

windings, as shown in FIG 3, but can also be applied in each

concentric coil.

By applying the inventive construction principle, the coils of
the different phases (e.g. 1f the coils 11, 12 and 13 are
assigned to phases U, V and W) generally have a different
length. Since the ohmic resistance of the coils 1s incidental

to the operating behavior, this does not generally have any

negative impact.
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CLAIMS:
1. An active part of an electrical machine, having

- a carrler,

- a plurality of coils, which are arranged on the

P

carrier and which each comprise a plurality of sub-conductors,

and

- a winding head area, in which the coils each
project out of the carrier in an arced shape and are connected
to one another, wherein each of the coils has a coil arc in the
winding head area, and a center line of the coil essentially

F

runs 1n one plane defined by the coil arc, and the plurality of

sub-conductors of the coil run parallel to the plane defined by

the coi1l arc of the coi1l and 1n each case form sub-conductor

arcs, whereln vertices of the sub-conductor arcs of the coil

P

form a line of 1nclination, wherein the line of inclination of

each of the coils 1s arranged both at an angle to a front face

of the carrier and at an angle to the main axis of the carrier,

Rl

wherein:

the planes of three adjacent coils occupy the angles

0°, 45° and 90° in respect of a front face of the carrier, from

which the coils project.

2 . The active part as claimed 1n claim 1, which is

designed as a stator or rotor.

3. The active part as claimed 1in claim 1 or claim 2,

wherein a connecting element 1s arranged on the line of

inclination of the sub-conductor arcs of the coil.
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4, ’ The active part as claimed in claim 2, wherein the

plurality of coils is distributed in a peripheral direction 1in

the stator or rotor and the respective planes of adjacent coils

are at an angle relative to one another in the winding head

dared.

5. The active part as claimed in any one of claims 1

to 4, wherein the three adjacent colls are assigned the

phases U, V and W of a three-phase system.

0. The active part as claimed in any one of claims 1
to 5, wherein the coills are concentric colls.
7. The active part as claimed in any one of claims 1

pr—
p—

ferent lengths.

to 6, wherein the three coils are of di:

8 . A motor or generator with an active part according to

any one of claims 1 to 7.
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FIG 1

(Prior art)
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FIG 2

(Prior art)
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