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A coll (20) for a dynamo electric machine, particularly for the stator (33) of a hydro-generator, comprises a plurality of coll rods (22,
24), running In the axial direction In a sheet metal package, whose rod ends (23, 23"; 25, 25'), which protrude from the sheet metal
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(57) Abrege(suite)/Abstract(continued):
package, are bent from the axial direction and connected with each other, In pairs, at connection points (26, 26'). In the case of

such a coll, simplified manufacturabillity is achieved by virtue of the fact that the rod ends (23, 23"; 25, 25'), In each case, comprise
several straight sections (28, 30), which are separated from each other by intervening crimps (29, 29" 32, 34).
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SUMMARY

A coil (20) for a dynamo electric machine, particularly for the stator (33) of a hydro-
generator, comprises a plurality of coil rods (22, 24), running in the axial direction in a
sheet metal package, whose rod ends (23, 23°; 25, 25”), which protrude from the sheet

metal package, are bent from the axial direction and connected with each other, in pairs,

at connection points (26, 26°).

In the case of such a coil, simplified manufacturability is achieved by virtue of the fact
that the rod ends (23, 23’; 25, 25°), in each case, comprise several straight sections (28,

30), which are separated from each other by intervening crimps (29, 29°; 32, 34).
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COIL FOR A DYNAMO ELECTRIC MACHINE

TECHNICAL FIELD

The present invention relates to the field of electrical
rotating machines. It pertains to a coill for a dynamo

electric machine.

Such a coil 1is known, for example, from U.S. Patent No.

5,777,417 (Fig. 1) or U.S. Patent No. 4,385,254.

STATE OF THE ART

The stator coil of a hydro-generator consists of so-called
Roebel rods (see, for example, U.S. Pat. No. 5,777,417,
which was mentioned at the outset), which are produced from
several individual copper sub-conductors. In most
instances, a coil consists of an upper layer and a lower
layer, thus, two rods, that lie one above the other in an
(ax1al) groove of the sheet metal body of the stator. For
the circuitry of the generator coil, the ends of these rods
(rod ends) must be bent, both tangentially and radially, 1n
point of fact. These worked rod ends are designated as
brackets, or are generally referred to as the head of the
coil. The bends in the head of the coil are constructed in
accordance with certain guidelines of the requisite
electrical clearances and so-called incrementation. In this
case, the incrementation designates the number of grooves

that a rod "steps across'.

Depicted in Figs. 1 and 2 is a section of such a coil head
11 of a coil 10 (Fig. 1), which is known from the state of
the art, as well as one bent rod end of a single coil rod,
in horizontal projection in the direction of the machine's

axis. The coil rods, which run 1in the axial direction 1in
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the sheet metal body of the stator, of which two selected
coll rods, 12, 14 are depicted in Fig. 1, are connected to

one another in pailirs in the coil head. This occurs at a
connection point 16, which, viewed in the axial direction,
lies within a central area between the coil rods, 12, 14.
The rod ends 13, 15, which protrude from the sheet metal
body of the stator are, in addition, initially bent around
in a first tangential bend (17 in Fig. 2) from the axial
direction in the direction of the connection point 16 and
shortly ahead of the connection point 16, bent back 1in a
second tangential bend (18 in Fig. 2), again in the axial
direction. The bent back terminal sections of the rod ends,

13, 15 come, 1in the process, to lie above one another 1n the

connection polint 16.

The middle levels of the coil rods 12, 14, which are drawn
as dashes i1n Fig. 1, which run in the radial direction, and
the connection point 16, enclose, 1n each case, an angle in
the process that is all the greater, the greater the afore-
mentioned step width turns out to be. The rod ends 13, 15,
as may be seen particularly clearly in Fig. 2, are provided,
between the tangential bends 17 and 18, with a continuous,
constant curving (bend), so that the configuration of rod
ends depicted 1in Figs. 1 and 2 can be realized. 1In the
state of the art, these bends are produced by hand by means
of a bending tool. This type of shaping, however, has the
disadvantage that it takes great effort to perform. 1In
particular, 1t 1is necessary to obtain a new bending tool,
which i1s, 1n most instances, a piecework production, for
each generator, since the construction of the coil rods is

different every time.
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PRESENTATION OF THE INVENTION

It 1s, therefore, the task of the invention to create a coil
that can, by reason of its selected configuration, be

produced more easlily and more flexibly.

The core of the invention, 1n the case of the rod ends,
consists of embodying several straight sections, which are
separated from one another by crimps that lie between them
instead of the uniform curving (bend). In this instance,
the term crimp is taken to mean a comparatively narrow
(sharp) bend with a small bending radius, 1n the range of a
few cm. Such crimps can be introduced to the rod ends in a
simple and flexible manner by means of a machine, so that
various configurations of coil heads can be realized easily
in the case of various machines without éxpending additional

effort or funds.

A preferred embodiment of the invention is distinguished by
virtue of the fact that the connecting point of a pair of
coil rods is arranged between the coil rods, that the rod
ends, 1n each case, are bent, in an initial tangential bend,
from the axial direction toward the connection point, and
shortly in front of the connection point, in a second
tangential bend back in the axial direction, and that the
rod ends comprise, 1n each case, between the two tangential
bends, at least two straight sections, which are separated
from each other by means of a crimp. By these means, most

coll head configurations can be covered in a particularly

simple manner.

In particular, the rod ends of the coil's rods run between

the tangential bends, in each case, substantially in one

plane, and the crimp between the straight sections, at least

two of them, also lies in this plane.
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Preferably, the coil rods exhibit a cross-section in the
form of an elongated rectangle, the coil rods are oriented
within the sheet metal package with the longitudinal sides
of their cross-section oriented in the radial direction, and
the rod ends of the coil rods are oriented between the
tangential bends, with their longitudinal sides oriented

parallel to the plane i1n which the rod ends (23, 23'; 25,

25') run.

It has been proven of value when the crimp exhibits an angle
of crimp between greater than 0° and 20°, preferably an

angle of crimp between 14° and 17°.

According to a broad aspect of the present i1nvention there
1s provided a stator of a dynamo-electric machine. The

stator comprises a stator core with a plurality of radial

slots extending in an axial direction. A plurality of coil
rods are arranged within the plurality of radial slots. The
plurality of coil rods have rod ends which protrude from the
stator core and are bent from the axial direction and are
connected with each other in pairs at connection points.

The coil rods each have a rectangular cross-section with two
pairs of parallel sides. The rod ends each comprise several
straight sections that are separated from one another by
intervening crimps. At least two adjacent sections of the
straight sections and an intervening crimp lie in a common
plane which 1s parallel to one of the pair of parallel sides

of the rectangular cross-section.

BRIEF EXPLANATION OF THE FIGURES

The invention is to be elucidated in greater detail below by

virtue of the embodiments, in conjunction with the drawings.

3a
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Fig. 1, in a horizontal projection, in the direction of the
machine's axis shows a pair of coil rods of a hydro-
generator's stator, which are joined at the head of the coil

1n accordance with the state of the art.

Fig. 2 shows the bent rod end of an individual rod from Fi1g.

1.

Fig. 3 shows, in a perspective view, a pair of coil rods in
their bent configuration, for use in the stator of a hydro-
generator, according to a preferred embodiment of the

invention;

Fig. 4 shows, in a magnified representation, the right rod
end of the lower coil rod of the configuration from Fig. 3,

and

Fig. 5 shows the connection of the two coil rods from Fig. 3
in the right coil head in horizontal projection, 1n the

direction of the axis of the machine.
WAYS OF IMPLEMENTING THE INVENTION

In Fi1g. 3, 1n a perspective view, a palr of coil rods
1s shown, in their bent configuration, for use in the
stator of a hydro-generator, according to a preférred
embodiment of the invention. The coil rods 22 and 24

are part of a coll 20, which consists of a multiplicity

3b
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of rods. They [sic—The?] coil rods 22, 24 have a straight center section that runs parallel
to the machine’s axis, and with which the rods are accommodated in corresponding
grooves in the stator sheet metal package and fastened by wedges. As a rule, two coil

rods are arranged above each other per groove, as is shown in Fig. 1 of US-A-4, 385,254,

The coil rods 22, 24, make the transition, on either side, to corresponding rod ends 23, 23’
or 25, 25,” respectively, which lie outside the stator’s sheet metal package and are
connected to each other, in pairs, within a coil head, 21 or 21, respectively, in order to
form a coil with a multiplicity of windings. In Fig. 3, the rod ends 23’, 25° of the two coil
rods 22, 24 are connected, in the right coil head, 21, to each other at one connection
point, 26’. In the left coil head 21, the rod ends 23, 25 are connected, in each case with

other rod ends at one connection point 26, or with connectors or charge eliminators that

are not depicted.

As was already mentioned at the outset, the rod ends are repeatedly bent toward the
connection points 26, 26,” in order to render a corresponding connection between the coil
rods possible. The configuration of the rod ends 23, 23’ or 25, 25, according to the
invention, can be elucidated in greater detail by virtue of the example of the rod end, 25°
from Fig. 3 and Fig. 4. The rod end 25, in turn, is bent with an initial tangential bend 27
from the axial direction toward the connection point 26°, and with a second tangential
bend 31 shortly ahead of the connection point 26, back again to the axial direction.
Between the tangential bends 27, 31, the rod end 25’ is straight in some sections, that is, it
1s comprised of straight sections 28, 30, which are separated (or rather, connected to each
other) by a (comparatively sharp) crimp 29. As has already been mentioned farther
above, the crimp 29 is actually a narrow bend, which, on the inside, exhibits a bending
radius of 30 or 60 mm, for example. In the example of Figs. 3, 4, only two straight
sections 28, 30 are present, which are separated only by a crimp 29. It is self- understood,
however, that depending upon the overall configuration, additional straight sections and
crimps can be provided. An additional crimp 32 can also be present between the first

tangential bend 27 and the actual coil rod 24. The same applies to a crimp 34 behind the

second tangential bend 31.

Viewed in the axial direction, at connection point 26°, the configuration depicted in Fig. 5
results with respect to the two coil rods 22, 24 of the stator 33. In the case of rod end 23,

the crimp 29’ corresponds to the crimp 29 of rod end 25, which is provided between the
4
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straight sections 28 and 30. The crimps 29, 29°, 32, [and] 34 are preferably introduced to
the coi1l rods or rod ends, respectively, by mechanical means. They can, if necessary,
exhibit differing angles of crimp. In practice, overall, angles of crimp between greater
{than] 0° and 20° have proven their value. Angles of crimp between 14° and 17° have
particularly proven their value. The coil rods 22, 24 have a cross-section in the form of an
elongated rectangle. Whereas, within the sheet metal package, they are oriented with the
longitudinal sides of their cross-section in the radial direction, the rod ends 23, 23°; 25,
25 of the coil rods 22, 24 are oriented between the tangential bends 27, 31, with their
longitudinal sides parallel to the plane in which the rod ends 23, 23.” 25, 25’ run. In each

case, the crimps lie in this plane.
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LIST OF REFERENCE SYMBOLS

10 Coll

11 Coil head

12, 14 Coil rod (Stator rod)
13,15 Rod ends

16 ~ Connection point
17, 18 Tangential bend

20 Coil

21,21° Coil head

22, 24 Coil rod (Stator rod)
23,23’ Rod end

25,25’ Rod end

26, 26’° Connection point
27, 31 Tangential bend

28, 30  Straight section

29.29°.32,34  Crimp

33 Stator
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CLAIMS,

1. A stator of a dynamo-electric machine, the stator

comprising:

ant

a stator core with a plurality of radial slots

extending i1n an axial direction;

a plurality of coil rods arranged within said
plurality of radial slots, the plurality of colil rods having
rod ends which protrude from the stator core and are bent
from the axial direction and are connected with each other in
palrs at connection points;

wherein the coilil rods each have a rectangular cross-
section with two pairs of parallel sides;

wherein the rod ends each comprise several straight
sections that are separated from one another by intervening
crimps; and

wherein at least two adjacent sections of said
straight sections and an ilntervening crimp lie in a common
plane which 1s parallel to one of said pair of parallel sides

of said rectangular cross-section.

2 . A stator according to claim 1, wherein the connection
- point of a pair of coil rods 1s arranged between the coil
rods:; |

wherein the rod ends are each bent around in a first
tangential bend from the axial direction toward the
connection point and are bent shortly ahead of the connection
point in a second tangential bend back in the axial
direction; and

wherein the rod ends, between both tangential bends in
each case, comprise at least two straight sections that are

separated from each other by a crimp.

3. A stator according to claim 1, wherein the crimp has

an angle of crimp between 0° and 20°.
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4 A stator according to claim 3, wherein the crimp has

an angle of crimp between 14° and 17°.

5. A stator according to claim 1, wherein the dynamo-

electric machine 1s a hydro-generator.
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