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bars (9) having at least four stacks of strands (15). Couples of stacks of
strands (15) define elementary transposed bars (16). The winding com-
prises at least two stacks of cooling pipes (18) in each transposed bar (9),
each stack of cooling pipes (18) being arranged between two stacks of
strands (15), and at least one crossover transposed bar (20) in which the
sides of the elementary transposed bars (16) are exchanged.
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Winding for an electric machine

TECHNICAL FIELD

The present disclosure relates to a winding for an
electric machine. The electric machine is a rotating
electric machine such as a synchronous generator to be
connected to a gas or steam turbine (turbogenerator) or a
synchronous generator to be connected to a hydro turbine
(hydro generator) or an asynchronous generator or a
synchronous or asynchronous electric motor or also other

types of electric machines.

BACKGROUND

Electric machines have a stator and a rotor; the
stator has axial slots that house transposed bars connected
to each other to define a winding (typically a three-phase
winding) .

With reference to figure 12, each slot 8 houses two
transposed bars 30 one on top of the other. Each transposed
bar 30 has four stacks of strands 15; the four stacks of
strands 15 define two side-by-side elementary transposed
bars 31. The elementary transposed bars 31 have terminal
lugs 32 (usually solid copper Dblocks) that are connected
together to define the winding. As can be seen on the left

of Fig. 12, reference B, the bars 30 with the lugs 32 end
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at different positions, see especially the two bars 30 on
top at the left side. The same applies to the bars 30 with
lugs 32 at the bottom of the left side, where the left bar
30 is longer. The left bar 30 at the top at the left side
in Fig. 12 is shorter than the adjacent right bar 30, which
is also referred to as <crossover connection. This
misalignment of the end pieces of the bars 30 originates
from the transpositions of the strands 15 of the bars 30 in
the state of the art. This configuration is critical in
terms of stresses in the material and the welding process
to weld the bars 30. At the right of Fig. 12, reference A,
the bars 30 are shown when adjusted in length and the
corresponding lugs 32 at the end of the bars 30 are
connected together, the strands 15 of the bars 30 are not
transposed.

The document US 7 898 127 discloses an embodiment in
which radially aligned 1lugs are reciprocally connected
(this connection is similar to the connection identified by
reference A in figure 12).

This embodiment has the problem that during operation
it causes large losses, because the position of the
elementary transposed bars is not exchanged.

In another embodiment of US 7 898 127, in addition to
radially aligned 1lugs similar to those identified by
reference A 1in figure 12, also crossover connections

between lugs 32 are provided (these connections are similar
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to the connections identified by reference B in figure 12).
The crossover connections connect the lugs 32 of an
elementary transposed bar at the right of a transposed bar
with an elementary transposed bar at the left of another
transposed bar; this way a position exchange of the
elementary transposed bar is achieved.

This embodiment allows lower losses, but crossover

connections are difficult and time consuming to assemble.

SUMMARY

An aspect of the disclosure includes providing a
winding with transposed bars having four stacks of strands
defining two side-by-side elementary transposed bars that
allows low losses but at the same time is easy and quick to
assemble.

These and further aspects are attained by providing a

winding in accordance with the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Further characteristics and advantages will be more
apparent from the description of a preferred Dbut non-
exclusive embodiment of the winding, illustrated by way of
non-limiting example in the accompanying drawings, in
which:
Figures 1 and 2 are a schematic side and front view of

an electric machine with slots to house bars;
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Figure 3 1is a cross section of a slot and of two
transposed bars housed therein onto each other;

Figure 4 is a schematic view of a winding in a first
embodiment;

5 Figures 5 through 7 are schematic top views of a
crossover bar of the winding of figure 4;

Figure 8 1is a schematic view of a winding in a second
embodiment;

Figures 9 through 11 are schematic top views of a

10 crossover bar of the winding of figure 8§;

Figure 12 is a schematic perspective view of
connections between transposed bars in an electric machine
according to the prior art, at the 1left, B, 1in the
foreground with the shifted bars due to strand

15 transpositions, and at the right, A, in the background with

the bars adjusted in length.

DETATILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
With reference to the figures, an electric machine 1
20 such as an electric generator or motor is shown.
The electric machine 1 has a casing 2 that houses a
stator 3 and a rotor 4 supported by shafts 5.
The stator 3 comprises a laminated stator core 6 that
defines a bore 7 into which the rotor 4 1is rotatably
25 housed. The stator core 6 has slots 8 that open in the bore

7 and house the winding. The slots 8 are closed by wedges.
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The winding 1is defined by transposed bars 9 connected
together.

Each slot 8 houses two transposed bars 9, one on top
of the other.

The transposed bars 9 have a straight part 10 that is
housed into the slots 8 and curved end windings 11 that
extend from the ends of the straight part 10 and are not
housed into the slots 8, but envelop the shafts 5 and are
connected together.

The transposed bars 9 have at least four stacks of
strands 15; the strands 15 are typically slightly insulated
from one another and are covered by a main insulation 15a.
Couples of stacks of strands 15 define elementary
transposed bars 16. Fig. 3 shows the slot 8 with inserted
two conductor bars or transposed bars 9, one transposed bar
9 at the bottom and one transposed bar 9 at the top. The
slot 8 is closed at the bottom and finished with a wedge at
the top in this wview. Generally, slots 8 of stators of
electric machines are equipped with one transposed bar 9 or
two transposed bars 9. The latter configuration of the slot
8 is shown in Fig. 3. This means when one conductor bar or
transposed bar 9 1is arranged in the slot 8 and the two
elementary transposed bars 16 which are comprised by the
transposed bar 9 are arranged according to the invention,
then one crossover transposed bar 20 1is provided. In the

alternative, when two conductor bars or transposed bars 9
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are arranged in the slot 8 above each other four elementary
transposed bars 16 are provided, a couple or two elementary
transposed bars 16 comprised by each transposed bar 9. In
this case when the four elementary transposed bars 16 are
arranged according to the invention, two crossover
transposed bars 20 are generated which are arranged above
each other according to the perspective of Fig. 3,
corresponding to the two transposed bars 9 from which the
crossover transposed bars 20 are fabricated from. The
transposed bars 9 are part of the winding of a stator 3
which 1s composed of straight and bended parts, as can be
seen 1in the Figs. 4 and 8. The straight parts 10 are
accommodated 1n the slots 8, the bended parts, hereby
referred to as end windings 11, are not housed in the slots
8 but freely arranged within the stator housing, stator
frame, or casing 2, as can be seen in Fig. 1. Figs. 4 and 8
show a winding with four pairs of crossover transposed bars
20 in the straight part 10 adapted to be placed into four
slots 8 of the stator 3.

The transposed bars 9 also include stacks of cooling
pipes 18 in which a cooling medium flows in operation. Each
stack of cooling pipes 18 being arranged between two stacks
of strands 15.

Advantageously, the cooling pipes 18 optimize cooling
because each cooling pipe 18 is provided between

strands 15.
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In addition to the transposed bars 9 defining
elementary transposed bars 16, the winding also includes at
least one crossover transposed bar 20.
A crossover transposed bar 20 is a bar in which the
5 sides of the elementary transposed bars 16 are exchanged.
Also, the crossover transposed bar 20 has a straight part
10 and end windings 11. For example, with reference to
figure 5, the crossover transposed bar 20 comprises the
elementary transposed bar 16a and the elementary transposed
10 bar 16b. As shown in Fig. 5 regarding the elementary
transposed bar 1l6a:

- at one end of the crossover transposed bar 20 (top
of figure 5) the elementary transposed bar 1l6a is
on the right side of the crossover transposed bar

15 20, and

- at the other end of the crossover transposed bar 20
(bottom of figure 5) the elementary transposed bar
16a is on the left of the crossover transposed bar
20;

20 likewise, regarding the elementary transposed bar 16b:

- at one end of the crossover transposed bar 20 (top
of figure 5) the elementary transposed bar 16b is
on the left side of the crossover transposed bar
20, and

25 - at the other end of the crossover transposed bar 20

(bottom of figure 5) the elementary transposed bar
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16b is on the right of the crossover transposed bar
20.

This configuration allows the reduction of losses. In
addition the winding can be manufactured by using only
connections between radially aligned lugs 21 (similar to
the connections A of figure 12) and without crossover
connections; this allows easy and guick assembling of the
winding. Radially alignment thus means that the end parts
of the transposed bars 9 finished with lugs 21 end
essentially at the same position.

Each elementary transposed bar 16 has a lug 21 at its
ends; the lugs 21 of the elementary transposed bars 16 that
are connected together are radially aligned (radially with
reference to the annular stator core 6, figure 2).

Typically, each transposed bar 9 that is housed at a
top position in a slot 8 is connected with two bars 9 (one
at each end) that are housed at bottom positions in other
slots 8.

The crossover transposed bar 20 has a transposition
greater than or equal to 540 degree; 1in addition the
transposition 1is a multiple of 180 degree. This way
independently of the number of turns of the elementary
transposed bars 16, the elementary transposed bars 16
exchange their position within the crossover bar 20.
Preferably, also the transposed bars 9 have a transposition

greater than or equal to 540 degree which is a multiple of
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In a first example shown in figure 5 only the straight
part 10 of the transposed bars 9 and crossover transposed
bar 20 is transposed. In this case the straight part 10 has
a transposition greater than or equal to 540 degree, a
multiple of 180 degree; figure 5 shows an example of the
transposition of 540 degree at the straight part 10 and 0
degree at the end windings 11 of the transposed bars 9 and
crossover transposed bar 20. Figures 6 through 8 show
different examples of crossover transposed bars 20.

In a second example shown for example in figure 9 both
the straight parts 10 and the end windings 11 of the
transposed bars 9 and crossover transposed bar 20 are
transposed. In this case both the straight part 10 and the
end windings 11 have together a transposition greater than
or equal to 540 degree and a multiple of 180 degree; figure
9 shows an example of a transposition of 360 degree at the
straight part 10 and 90 degree at each of the end winding
11. Figures 10 through 12 show different examples of
crossover transposed bars 20.

The operation of the winding is apparent Zfrom the
description and illustration and 1s substantially the
following.

During assembly, all 1lugs 21 at the end of the
elementary transposed bars 16 are radially aligned.

Their connection <can thus be easily achieved by
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providing a conductor Dbetween the lugs 21 (but the
conductor could be avoided) and a clamp to block the lugs
21; then the lugs 21 and the conductor (when provided) can
be brazed together. This is easy and quick because the lugs
21 are radially aligned (figure 2) . No crossover
connections are needed (i.e. lugs 21 that connect an
elementary transposed bar 16 at one side of a transposed
bar to an elementary transposed bar 16 at the other side of
another transposed bar similar to the connection B of
figure 12). Thus, troubles associated with brazing of lugs
21 with a crossover connection (such as difficulties in
clamping the lugs 21 that are not aligned) are avoided. The
crossover connections are obviated by the specific winding
having the transposition scheme of the strands 15 with a
crossover transposition according to the invention
described.

During operation the winding is electrically balanced
thanks to the exchange of the elementary transposed bars
16, losses are thus reduced.

In addition, thanks to the plurality of cooling
channels or cooling pipes 18 between couples of strands 15,
cooling is optimised.

In practice the materials used and the dimensions can
be chosen at will according to requirements and to the

state of the art.
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REFERENCE NUMBERS
1 electric machine
2 casing
3 stator
4 rotor
5 shaft
6 stator core
7 bore
8 slot
9 transposed bar
10 straight part
11 end winding
15 strands
15a main insulation
16, 16a, 16b elementary transposed bar
18 cooling pipe
20 crossover bar
21 lug
30 transposed bar
31 elementary transposed bar
32 lug
A connection

B crossover connection

PCT/EP2014/076397
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CLAIMS

1. A winding for an electric machine comprising
transposed bars (9) having at least four stacks of
5 strands (15), wherein couples of stacks of strands
(15) define elementary transposed bars (16),
characterised by further comprising
at least two stacks of cooling pipes (18) in each
transposed bar (9), each stack of cooling pipes (18)
10 being arranged between two stacks of strands (15),
at least one crossover transposed bar (20) in
which the sides of two elementary transposed bars
(16) are exchanged, whereas each elementary
transposed bar (16) has a lug (21) at its end, and
15 the lugs (21) of the two elementary transposed bars
(16) connected together are radially aligned.
2. The winding according to claim 1, characterised in
that the at least one crossover transposed bar (20)
has a transposition greater than or equal to 540
20 degree which is a multiple of 180 degree.
3. The winding according to claim 1, characterised in
that the transposed bars (9) have a transposition
greater than or egual to 540 degree which 1is a
multiple of 180 degree.
25 4. The winding according to claim 1, characterised in

that the transposed bars (9) have a straight part
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(10) and curved end windings (11) at the end of the
straight part (10), wherein only the straight part
(10) is transposed.
5. The winding according to claim 1, characterised in
5 that the at least one crossover transposed bar (20)
has a straight part (10) and curved end windings (11)
at the end of the straight part (10), wherein only
the straight part (10) is transposed.
6. A stator (3) of an electric machine comprising:
10 a laminated stator core (6) with a central bore (7)
and axial slots (8) opening in the central bore (7),
a winding housed in the slots (8), with the winding

according to any of claims 1 to 5.

15
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