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(54) Pole-to-pole connection of an electric generator and method for manufacturing the same

(57) The pole-to-pole connection (3, 4, 5) of an elec-
tric generator comprises two curved bars (11) connecting
the poles (2a, 2b, 2c, 2d) of an electric generator and an
expansion joint in-between. The expansion joint compris-

es a U-shaped element (12) cut out from a single plate
and connected to the curved bars (11). The present in-
vention also refers to a method for manufacturing the
pole-to-pole connection.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a pole-to-pole
connection of an electric generator and a method for
manufacturing the same.

BACKGROUND OF THE INVENTION

[0002] Electric generators are known to comprise a ro-
tor that carries windings defining two or more poles; figure
1 shows an example of a rotor 1 having four poles 2a-2d.
[0003] The four poles 2a-2d are connected each other
via pole-to-pole connections 3, 4, 5.
[0004] In particular, a first pole-to-pole connection 3
connects two adjacent poles 2a, 2b; a second pole-to-
pole connection 4 connects two opposite poles 2a, 2c,
and a third pole-to-pole connection 5 connects two further
adjacent poles 2c, 2d.
[0005] Typically, for symmetry reasons, connection 4
is made of two conductors, each having half the thickness
of those conductors defining the connections 3 and 5.
[0006] Pole-to-pole connections are defined by curved
bars that extend around the rotor 1 and, during operation,
must withstand high centrifugal forces and thermal loads
that make them to deform.
[0007] For these reasons, the curved bars are provided
with expansion joints that let deformations be adsorbed
without causing dangerous stresses within them.
[0008] In a first traditional embodiment expansion
joints are made of U-shaped elements made of three
copper blocks brazed together.
[0009] Nevertheless manufacturing of these expan-
sion joints is very time-consuming, since the blocks must
be separately manufactured and then must be brazed
together while avoiding any copper decrease of proper-
ties or recrystallization.
[0010] In a second traditional embodiment expansion
joints are made of copper brackets brazed to the curved
bars and a set of overlaying copper lamellas withheld
within the brackets.
[0011] Nevertheless for large machines a large
number of overlaying lamellas is required; this increases
the stiffness of the pole-to-pole connections and, in some
cases, could reduce the pole-to-pole connection lifetime.
[0012] US 5,065,059 discloses a pole-to-pole connec-
tion for generators comprising U-shaped elements; the
U-shaped elements are machined from high conductive
copper.
[0013] Manufacturing of U-shaped elements by tradi-
tional methods induces high residual stresses into them
that reduce the U-shaped element lifetime.

SUMMARY OF THE INVENTION

[0014] The technical aim of the present invention is
therefore to provide a pole-to-pole connection and a

method for its manufacturing by which the said problems
of the known art are eliminated.
[0015] Within the scope of this technical aim, an aspect
of the invention is to provide a pole-to-pole connection
having expansion joints that can be manufactured in a
short time and do not require manufacturing operations
that could impair their mechanical properties.
[0016] Another aspect of the invention is to provide a
pole-to-pole connection having expansion joints that may
have the required flexibility for all generator sizes, such
that an increase of the pole-to-pole connection lifetime,
in particular for large generators, is achieved.
[0017] A further aspect of the present invention is to
provide a pole-to-pole connection having U-shaped ele-
ments in which, during manufacturing, only very limited
residual stresses are induced, such that their lifetime is
increased.
[0018] Another aspect of the invention is to provide a
method that can be implemented in a short time, without
impairing the U-shaped elements and that induces only
very limited residual stresses into the finished U-shaped
elements.
[0019] The technical aim, together with these and fur-
ther aspects, are attained according to the invention by
providing a pole-to-pole connection in accordance with
the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Further characteristics and advantages of the
invention will be more apparent from the description of a
preferred but non-exclusive embodiment of the pole-to-
pole connection and method according to the invention,
illustrated by way of non-limiting example in the accom-
panying drawings, in which:

Figure 1 is a schematic view of a four pole rotor;
Figure 2 in a perspective view of pole-to-pole con-
nections of the four pole generator of figure 1;
Figure 3 is a perspective view of two overlapping U-
shaped elements of a pole-to-pole connection; and
Figure 4 is a top view of two overlapping U-shaped
elements of a pole-to-pole connection.

DETAILED DESCRIPTION OF THE INVENTION

[0021] With reference to the figures, these show pole-
to-pole connections of an electric generator each com-
prising two or more curved bars 11 connecting the poles
of an electric generator and expansion joints 12 in-be-
tween.
[0022] In particular, figure 2 shows pole-to-pole con-
nections between four poles of an electric generator be-
ing the electric generator of figure 1.
[0023] Consequently, figure 2 shows four curved bars
11 with four expansion joints 12 that define the pole-to-
pole connection 4, two curved bars 11 with an expansion
joint 12 defining the pole-to-pole connection 3 and two
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further curved bars 11 with an expansion joint 12 defining
the pole-to-pole connection 5.
[0024] For symmetry reasons, the pole-to-pole con-
nection 4 is made of four bars having half the thickness
of those bars defining the pole-to-pole connections 3 and
5.
[0025] Alternatively, when bars having the same pro-
file (and thickness) are used, connections 3 and 5 are
made of overlaying bars and the total number of bars in
each connection 3, 4, 5 is four.
[0026] Each expansion joint 12 comprises a U-shaped
element cut out to the required final shape from a single
plate and connected to the curved bars 11.
[0027] This lets further manufacturing operations such
as for example bending be avoided.
[0028] In particular, the jaws 13 of the U-shaped ele-
ments 12 are not parallel, i.e. their borders in a top view
(as shown in figure 4) are not parallel.
[0029] In addition, the thickness of the U-shaped ele-
ment 12 in the plane containing it (being the plane of
figure 4) is not constant; in particular the thickness at the
curved region 15 is smaller than the thickness at the jaws
13.
[0030] The thickness of the U-shaped elements 12 in
a plane perpendicular to that plane containing the U-
shaped element 12 is constant; this lets the U-shaped
elements rest one over the other.
[0031] The jaw ends 16 of each U-shaped element are
brazed to the curved bars 11 typically via brackets 17.
[0032] In particular, figure 2 shows pole-to-pole con-
nections 3-5 between the four poles of a four pole gen-
erator.
[0033] In this embodiment, the curved bars 11 defining
the pole-to-pole connections 3, 4, 5 extend along two
parallel spaced apart circumferences 18a, 18b around
the rotor (only the axis 23 of the rotor is shown in figure 2).
[0034] In this respect the pole-to-pole connection 4 ex-
tends along a first circumference 18a and the pole-to-
pole connections 3 and 5 extend along sectors of a sec-
ond circumference 18b spaced apart from the first cir-
cumference 18a.
[0035] The U-shaped elements 12 of each pole-to-pole
connection 3, 4, 5 axially extend (i.e. parallel to the rotor
axis 23) towards the other circumference; for example a
U-shaped element of a pole-to-pole connection extend-
ing along circumference 18a axially extends towards cir-
cumference 18b.
[0036] In particular, the U-shaped elements 12 that ex-
tend from different circumferences 18a and 18b have the
same circumferential position and overlap one another.
[0037] This lets the U-shaped elements have the great-
est length possible for the available space (to reduce
their stress).
[0038] In addition, an insulating layer 19 is provided
between the overlapping U-shaped elements 12 to avoid
short circuits.
[0039] The insulating layer 19 comprises a cooling
through hole 20.

[0040] The present invention also refers to a method
for manufacturing pole-to-pole connections of an electric
generator.
[0041] The method consists in cutting out to the re-
quired final shape a U-shaped element from a single plate
and connecting it (for example by brazing) to the curved
bars 11 at their jaws 13.
[0042] Advantageously, during brazing, the U-shaped
element is cooled; this lets the mechanical properties of
the U-shaped element be safeguarded.
[0043] Since the U-shaped elements are cut out from
a single plate element and are not bent, i.e. they are cut
out to the required final U-shape, manufacturing is fast
and only very limited residual stresses are induced into
them.
[0044] Naturally the features described may be inde-
pendently provided from one another.
[0045] In practice the materials used and the dimen-
sions can be chosen according to requirements.

REFERENCE NUMBERS

[0046]

1 rotor
2a, 2b, 2c, 2d poles
3, 4, 5 pole-to-pole connection
11 curved bar
12 U-shaped element
13 jaw
15 curved region of 12
16 jaw end
17 bracket
18a, 18b circumference
19 insulating layer
20 through hole of 19
23 rotor axis

Claims

1. Pole-to-pole connection (3, 4, 5) of an electric gen-
erator comprising at least two curved bars (11) con-
necting the poles (2a, 2b, 2c, 2d) of an electric gen-
erator and comprising at least an expansion joint in-
between, characterised in that each expansion
joint comprises a U-shaped element (12) cut out to
the required final shape from a single plate and con-
nected to the curved bars (11).

2. Pole-to-pole connection (3, 4, 5) as claimed in claim
1, characterised in that jaws (13) of the U-shaped
element (12) are not parallel.

3. Pole-to-pole connection (3, 4, 5) as claimed in claim
1, characterised in that the thickness of the U-
shaped element (12) in a plane containing the same
U-shaped element (12) is not constant.
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4. Pole-to-pole connection (3, 4, 5) as claimed in claim
3, characterised in that the thickness at a curved
region (15) of the U-shaped element (12) is smaller
than the thickness at its jaws (13).

5. Pole-to-pole connection (3, 4, 5) as claimed in claim
4, characterised in that the thickness of the U-
shaped element (12) in a plane perpendicular to that
plane containing the U-shaped element (12) is con-
stant.

6. Pole-to-pole connection (3, 4, 5) as claimed in claim
5, characterised in that jaw ends of the U-shaped
elements (12) are connected to the curved bars (11).

7. Pole-to-pole connection (3, 4, 5) as claimed in claim
6, characterised by extending along a circumfer-
ence (18a) and by facing at least a further pole-to-
pole connection extending along a parallel spaced
apart circumference (18b), wherein the U-shaped el-
ements (12) of a pole-to-pole connection extending
along a circumference (18a, 18b) axially extend to-
wards the other circumference (18b, 18a).

8. Pole-to-pole connection (3, 4, 5) as claimed in claim
7, characterised in that U-shaped elements (12)
that extend from different circumferences (18a, 18b)
have the same circumferential position and overlap
one another.

9. Pole-to-pole connection (3, 4, 5) as claimed in claim
8, characterised by comprising an insulating layer
(19) between the overlapping U-shaped elements
(12).

10. Pole-to-pole connection (3, 4, 5) as claimed in claim
9, characterised in that the insulating layer (19)
comprises a cooling through hole (20).

11. Method for manufacturing a pole-to-pole connection
(3, 4, 5) of an electric generator comprising at least
two curved bars (11) connecting the poles (2a, 2b,
2c, 2d) of an electric generator and comprising at
least an expansion joint in-between, characterised
in that the expansion joint comprises a U-shaped
element (12) cut out to the required final shape from
a single plate and connected to the curved bars (11).

12. Method according to claim 11, characterised by
connecting the U-shaped element (12) to the curved
bars (11) at the jaws (13).

13. Method according to claim 12, characterised in that
connection of the U-shaped element (12) to the
curved bars (11) is made by brazing, and in that,
during brazing, the U-shaped element is cooled.
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