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(57)  Areactor core (1) for a traction reactor (2) of an
electric power device (3), the reactor core (1) comprising
a first limb (10) and a second limb (12) comprising a
plurality of gaps (14), a first yoke (16) and a second yoke
(18), a plurality of connecting joints (20) formed by con-
nections between the first yoke (16) and each of the first
limb (10) and the second limb (12), and by connections
between the second yoke (18) and each of the first limb

A REACTOR CORE, A TRACTION REACTOR, AN ELECTRIC POWER DEVICE AND AN

(10) and the second limb (12). The reactor core (1) further
comprises an asymmetry with regard to a first center
plane (A) and/or with regard to a second center plane
(B) by an asymmetrical arrangement of the plurality of
gaps (14), and/or by an asymmetrical arrangement of the
plurality of connecting joints (20), with regard to the first
center plane (A) and/or with regard to the second center
plane (B).
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a reactor core
for a traction reactor. In particular it relates to a reactor
core and a traction reactor comprising the reactor core. In
addition, it relates to an electric power device comprising
the traction reactor and to an electric train set comprising
the electric power device.

BACKGROUND

[0002] Today's traction reactors are fully symmetric
mechanical structures across three symmetry planes.
When a core of the reactor is magnetically energized
by currents running in a symmetric coil arrangement,
symmetric force distributions develop.

[0003] Ithas been shown by measurements and simu-
lations that these two symmetry properties result in a
strong excitation of a structural vibration mode which is
particularly prone to high noise radiation, especially the
three-fold symmetric mode around 2500 Hz. Itis because
of an acoustic monopole-like mode vibration pattern of
the reactor core, arising from the symmetric mechanical
structure and the symmetric force distribution, that the
vibration mode exhibits a very high radiation efficiency.
[0004] Asanexample, atraction reactorin operationin
a motor car of a train is used for filtering out PWM switch-
ing harmonics originating from a train converter. Reactor
vibrations and noise emissions frequently lead to a poor
sound environment in the passenger and train staff com-
partments. Current ripple originating from the train con-
verter exhibits high amplitudes around 2 kHz and this
mode is likely the cause of noise and vibration problems
encountered in such applications.

SUMMARY

[0005] Therefore, an object of the disclosure is to pro-
vide an improved reactor core for a traction reactor. More
in particular, an object of the present disclosure is to
provide a reactor core for a traction reactor where the
core is structurally asymmetric with regard to atleast one
center plane of the reactor core.

[0006] According to a first aspect of the present dis-
closure, the object is at least partly achieved by a reactor
core according to claim 1.

[0007] Hence, there is provided a reactor core for a
traction reactor of an electric power device. The reactor
core has an extension along afirst axis, a second axis and
a third axis. The first axis, the second axis and the third
axis are orthogonal to each other. The reactor core is
divided in half, as seen along the second axis, at a first
center plane extending along the first axis and extending
along the third axis. The reactor core is divided in half, as
seen along the first axis, at a second center plane ex-
tending along the second axis and extending along the
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third axis.

[0008] The reactor core comprises a first limb and a
second limb. The first limb and the second limb extend in
parallel with the first axis, are symmetrically arranged
with regard to the first center plane and comprise a
plurality of gaps arranged transversally to the first axis.
The gaps have individual thicknesses as seen along the
firstaxis. A sum of individual thicknesses of the plurality of
gaps of the first limb and of the second limb equals a
predetermined nominal total thickness of all gaps.
[0009] The reactor core further comprises a first yoke
and a second yoke. The first yoke and the second yoke
extend in parallel with the second axis and are symme-
trically arranged with regard to the second center plane.
[0010] The reactor core further comprises a plurality of
connecting joints formed by connections between the
first yoke and each of the first limb and the second limb,
and by connections between the second yoke and each
of the first limb and the second limb.

[0011] The reactor core comprises an asymmetry with
regard to the first center plane and/or with regard to the
second center plane, which asymmetry results from an
asymmetrical arrangement of the plurality of gaps, and/or
from an asymmetrical arrangement of the plurality of
connecting joints, with regard to the first center plane
and/or with regard to the second center plane.

[0012] The "gaps" are also known as air gaps. An air
gap is a non-magnetic part of the reactor core, and it is
usually connected magnetically in series, which allows a
substantial part of the magnetic flux to flow through the
gap. The gaps comprised in the first limb and the second
limb may be arranged normal (or transversally) to the first
axis. The nominal total thickness of the plurality of gapsin
all the limbs may, as an example, be 54 mm.

[0013] The asymmetry with regard to the first center
plane and/or with regard to the second center plane is a
structural asymmetry. The structural asymmetry is a
result of arranging the plurality of gaps and/or the con-
necting joints in a structurally asymmetric manner with
regard to the first center plane and/or with regard to the
second center plane. The asymmetry transforms the
monopole-like mode of vibration of an operating traction
reactor comprising the reactor core, into a less noise-
efficient dipole-like mode of vibration, thereby reducing
noise emissions from a traction reactor comprising the
reactor core.

[0014] Optionally, the plurality gaps of the firstlimb and
the second limb are asymmetrically arranged with regard
to the first center plane and/or with regard to the second
center plane.

[0015] As such a number of gaps comprised in the first
limb may differ from a number of gaps comprised in the
second limb. Individual thicknesses of the gaps com-
prised in the first limb may differ from individual thick-
nesses of the gaps comprised in the second limb.
[0016] Optionally, the plurality of gaps comprises at
least two different individual thicknesses and the sum
of individual thicknesses of the plurality of gaps of the first
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limb and of the second limb is maintained equal to the
total nominal thickness.

[0017] Inordertomaintain the electromagnetic proper-
ties and function of a traction reactor comprising the
inventive reactor core, the total thickness of the plurality
of gaps should be maintained equal to the nominal total
thickness. Thereby, the reactor core may be made struc-
turally asymmetric with regard to the first center plane
and/or with regard to the second center plane without
affecting the function of a traction reactor comprising the
reactor core. Since an extension of a limb is constant,
varying the thicknesses of the gaps comprised in the limb
may affect the stiffness of the limb. A limb with more gaps
would be less than a stiffness of a limb having less gaps.
The number of gaps and/or the thicknesses of the gaps
may accordingly be varied to achieve different stiffnesses
in different limbs.

[0018] Optionally, each gap of the plurality of gaps of
the first limb and of the second limb comprises a material
having a predetermined modulus of elasticity, affecting a
first stiffness of the first limb and a second stiffness of the
second limb, respectively, as seen along the first axis.
The first stiffness of the first limb and the second stiffness
of the second limb are asymmetrically arranged with
regard to the first center plane and/or with regard to
the second center plane.

[0019] The material of the gaps may thus affect the
stiffness of the first limb and of the second limb and
thereby provide a structural asymmetry to the reactor
core with regard to the first center plane and/or with
regard to the second center plane.

[0020] Optionally, the plurality of gaps comprises at
least afirst type of gaps comprising a first material having
a first modulus of elasticity and a second type of gaps
comprising a second material having a second modulus
of elasticity. The first type of gaps and the second type of
gaps are arranged such that the first stiffness of the first
limb and the second stiffness of the second limb are
asymmetrically arranged with regard to the first center
plane and/or with regard to the second center plane.
[0021] Thereby, by providing gaps with different mate-
rials, the stiffnesses of the first limb and of the second limb
may be varied to produce a structural asymmetry of the
reactor core without altering the number of gaps or the
individual thicknesses of the gaps. Or the stiffnesses of
the first limb and of the second limb may be varied as a
combination of different materials, individual thicknesses
and/or number of gaps in the respective limb.

[0022] Optionally, the first material is steatite, and the
second material is a fiberglass thermoset composite
laminate, such as G11. Steatite has a modulus of elas-
ticity greater than 100 GPa and G11 has a modulus of
elasticity of less than 25 GPa.

[0023] Optionally, the plurality of connecting joints
comprises at least a first type of connecting joint and a
second type of connecting joint. The at least first type of
connecting joint and the at least second type of connect-
ing joint are asymmetrically arranged with regard to the
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first center plane and/or with regard to the second center
plane.

[0024] The first type of connecting joint is structurally
different as compared to the second type of connecting
joint. Different connecting joints affect the magnetic flux
lines, resulting in differences in magnetic forces at differ-
ent connecting joints. The structural asymmetry of the
reactor core may thus be provided by arranging the first
type of connecting joint and the second type of connect-
ing joint asymmetrically with regard to the first center
plane and/or with regard to the second center plane.
Optionally, the at least first type of connecting joints
comprises butt joints and the at least second type of
connecting joints comprises step-lap joints.

[0025] Optionally, the at least first type of connecting
joints comprises butt joints, where interfacing surfaces of
the first yoke and/or the second yoke with the first limb
and/or with the second limb are parallel with the first
center plane. The at least second type of connecting
joints comprises butt joints, where interfacing surfaces
of the first yoke and/or the second yoke with the first limb
and/or with the second limb are parallel with the second
center plane.

[0026] According to a second aspect of the present
disclosure, the object is at least partly achieved by a
traction reactor according to claim 10.

[0027] Hence, thereis provided a traction reactor com-
prising the reactor core of any one of the embodiments for
the first aspect of the disclosure, and wherein each of the
first limb and the second limb comprises a winding.
[0028] Such a traction reactor, having a structurally
asymmetric reactor core with regard to the first center
plane and/or with regard to the second center plane, thus
has less efficient noise radiation properties as compared
to prior art traction reactors.

[0029] According to a third aspect of the present dis-
closure, the object is at least partly achieved by an
electric power device according to claim 11.

[0030] Hence, there is provided an electric power de-
vice comprising the traction reactor according to any one
of the embodiments of the second aspect of the disclo-
sure. The power device further comprises at least one
traction converter and a transformer.

[0031] According to a fourth aspect of the present
disclosure, the object is at least partly achieved by an
electric train set according to claim 12.

[0032] Hence, there is provided an electric train set
comprising at least one electrically driven motor car
comprising the electric power device according to any
one of the embodiments of the third aspect of the dis-
closure.

[0033] Thereby, a motor car is provided offering an
improved sound environment for passenger and train
staff compartments.

[0034] The above aspects, accompanying claims, an-
d/or examples disclosed herein above and later below
may be suitably combined with each other as would be
apparent to anyone of ordinary skill in the art.
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[0035] Additional features and advantages are dis-
closed in the following description, claims, and drawings,
and in part will be readily apparent therefrom to those
skilledinthe art or recognized by practicing the disclosure
as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Further objects and advantages of, and fea-
tures of the disclosure will be apparent from the following
description of one or more embodiments, with reference
to the appended drawings, where:

Fig. 1
Fig. 2

shows a prior art traction reactor core.
shows a monopole-like vibration mode of a
prior art traction reactor.

shows a dipole-like vibration mode of a trac-
tion reactor according the second aspect of
the present disclosure.

shows a reactor core according to an exam-
ple of the first aspect of the present disclo-
sure.

shows a reactor core according to an exam-
ple of the first aspect of the present disclo-
sure.

shows a reactor core according to an exam-
ple of the first aspect of the present disclo-
sure.

shows a reactor core according to an exam-
ple of the first aspect of the present disclo-
sure.

shows a comparison of noise radiation be-
tween a prior art traction reactor and traction
reactors according to examples of the present
disclosure.

shows a traction reactor according to the sec-
ond aspect of the present disclosure.

shows electric power devices according to
the third aspect of the present disclosure
and an electric train set according to the
fourth aspect of the disclosure.

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS OF THE INVENTION

[0037] The present disclosure is developed in more
detail below referring to the appended drawings which
show examples of embodiments. The disclosure should
not be viewed as limited to the described examples of
embodiments. Like numbers refer to like elements
throughout the description.

[0038] The terminology used herein is for the purpose
of describing particular aspects of the disclosure only and
is not intended to limit the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly in-
dicates otherwise. Unless otherwise defined, all terms
(including technical and scientific terms) used herein
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have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure
belongs.

[0039] Electric devices, such as transformers, reac-
tors, etc, as any other industrial products, must comply
with various requirements on noise levels. It is known to
people skilled in the art that the acoustic power P emitted
from a vibrating structure acted upon by forces F can be
expressed

P=FHpB,,dTF

in which @ represents a collection of mode shapes as-
sociated with the mechanical properties of the structure,
and the operator B, implicitly depends on the geometry
ofthe structure, the frequency, and also materials proper-
ties of the acoustic and structural media in question.
Furthermore, H denotes the Hermitian transpose of the
vector, and T denotes a regular vector transposition. The
quantity @7 Fis here to be interpreted as the scalar or dot
product of the two vectors, indicating that when these two
vectors are orthogonal, the resulting acoustic power goes
to zero. The orthogonality is in the present disclosure
proposed to be brought about by promoting asymmetric
winding resonance modes which are acted upon by the
inherently symmetric force distributions.

[0040] As an example of an electric device generating
high noise levels, Fig. 1 shows a prior art reactor core 1’
for a prior art traction reactor. The prior art reactor core 1’
has an extension along afirst axis z, asecond axis xand a
third axis y (not shown), the first axis z, the second axis (x)
and the third axis y are orthogonal to each other. The prior
art reactor core 1’ is divided in half, as seen along the
second axis x, atafirstcenter plane A extending along the
first axis z and along the third axis y. The prior art reactor
core 1’is alsodivided in half, as seen along the first axis z,
at a second center plane B extending along the second
axis x and along the third axis y.

[0041] The prior art reactor core 1’ comprises a first
limb 10 and a second limb 12. The first limb 10 and the
second limb 12 extend in parallel with the first axis z and
are symmetrically arranged with regard to the first center
plane A. The first limb 10 and the second limb 12 com-
prise a plurality of gaps 14’ arranged transversally to the
first axis z. The gaps 14’ have individual thicknesses t as
seen along the first axis z. A sum of individual thicknesses
t of the plurality of gaps 14’ of the first limb 10 and of the
second limb 12 equals a predetermined nominal total
thickness T.

[0042] The prior art reactor core 1’ further comprises a
first yoke 16 and a second yoke 18. The first yoke 16 and
the second yoke 18 extend in parallel with the second
axis x, and are symmetrically arranged with regard to the
second center plane B.

[0043] The prior art reactor core 1’ also comprises a
plurality of connecting joints 20’ formed by connections
between the first yoke 16 and each of the firstlimb 10 and
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the second limb 12, and by connections between the
second yoke 18 and each of the first limb 10 and the
second limb 12. The connecting joints 20’ and the gaps
14’ are all symmetrically arranged with regard to the first
center plane A and/or the second center plane B.
[0044] As discussed in the Background Section, prior
arttraction reactors are fully symmetric mechanical struc-
tures across three symmetry planes. Planes A and B are
shown in Fig. 1. When a core of the reactor is magneti-
cally energized by currents running in a symmetric coil
arrangement, symmetric force distributions develop,
which result in vibrations of significant acoustic power.
[0045] Ithas been shown by measurements and simu-
lations that these two symmetry properties (symmetric
structure and symmetric force distribution) result in a
strong excitation of a structural vibration mode which is
particularly prone to high noise radiation, especially the
three-fold symmetric mode around 2500 Hz.

[0046] The present disclosure aims at breaking the
structural symmetry of the reactor core by introducing
a structural asymmetry with regard to the first center
plane A and/or with regard to the second center plane
B. The structural asymmetry is achieved by arranging the
plurality of gaps (air gaps) and/or the connecting joints -
or the properties of the gaps and connecting joints -
asymmetrically with regard to the first center plane A
and/or with regard to the second center plane B.
[0047] Changes to gap properties may bring about
beneficial asymmetric mode shapes, whereas mixing
butt and step-lap joints may also result in distorting
symmetric electrodynamic force distributions, in addition
to also influencing mechanical resonance properties.
[0048] Asymmetric vibrations will also convert the
acoustically efficient monopole-like mode to a much less
efficient dipole-type of mode, as will be explained in
conjunction with Fig. 2 and Fig. 3, which show symmetric
and asymmetric vibration modes, respectively, and
further explain the sound producing properties thereof.
[0049] Fig. 2 conceptually shows a symmetric mode
actingon thefirstyoke 16 of a prior art traction reactor 2’ of
the prior artreactor core 1’. For clarity of the drawing, only
the forces acting on the first yoke 16 are shown. However,
similar forces/movements can also be observed on the
first limb 10, the second limb 12 and on the second yoke
18. It can be seen that a certain volume of a surrounding
medium, AV (positive or negative), is displaced as the first
yoke 16 vibrates. This displacement radiates noise to the
audible far field, which may be perceived as disturbing
noise.

[0050] In contrast, the asymmetric vibration mode
shown in Fig. 3 which is achieved by a reactor core 1
and a traction reactor 2 according to the present disclo-
sure, moves one part of the first yoke 16 up as another
part is moved down, theoretically resulting in a net vo-
lume displacement, AV, equal to zero. Such an asym-
metric vibration mode radiates noise to the near field,
which is not audible at a distance. In other words, it is not
perceived as disturbing noise. The centre plane A is
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shown in Fig. 2 and Fig. 3. The arrows M in Fig. 2
illustrate how every portion of the first yoke 16 of the prior
art traction reactor 2’, located on opposite sides of the
center plane A, are displaced in the same direction at the
same time for displacements in directions parallel to the
center plane A. In Fig. 3, illustrating the traction reactor 2
according to the present disclosure, the asymmetric vi-
bration mode results in opposing directions M, -M on
opposite sides of the center plane A. Similarly to Fig.
2, only the forces acting on the first yoke 16 are shown in
Fig. 3. However, similar forces/movements can also be
observed on the first limb 10, the second limb 12 and on
the second yoke 18.

[0051] Fig.4-Fig. 7 illustrate example embodiments of
a reactor core 1 for a traction reactor 2 according to the
present disclosure. In the illustrated examples, the re-
actor core 1 has an extension along afirstaxis z, a second
axis x and a third axis y (not shown), the first axis z, the
second axis (x) and the third axis y are orthogonal to each
other. The reactor core 1 is divided in half, as seen along
the second axis x, at afirst center plane A extending along
the first axis zand along the third axis y. The reactor core 1
is also divided in half, as seen along the first axis z, at a
second center plane B extending along the second axis x
and along the third axis y.

[0052] The reactor core 1 comprises a firstlimb 10 and
asecond limb 12. Thefirstlimb 10 and the second limb 12
extend in parallel with the first axis z and are symmetri-
cally arranged with regard to the first center plane A. The
firstlimb 10 and the second limb 12 comprise a plurality of
gaps 14 arranged transversally to the first axis z. The
gaps 14 have individual thicknesses t as seen along the
first axis z. A sum of individual thicknesses t of the
plurality of gaps 14 of the first limb 10 and of the second
limb 12 equals a predetermined nominal total thickness T.
[0053] Thereactorcore 1 further comprises a first yoke
16 and a second yoke 18. The first yoke 16 and the
second yoke 18 extend in parallel with the second axis
X, and are symmetrically arranged with regard to the
second center plane B.

[0054] The reactor core 1 also comprises a plurality of
connecting joints 20 formed by connections between the
first yoke 16 and each of the first limb 10 and the second
limb 12, and by connections between the second yoke 18
and each of the first limb 10 and the second limb 12.
[0055] The example reactor cores 1 shown in Fig. 4 -
Fig. 7 comprise an asymmetry with regard to the first
center plane A and/or with regard to the second center
plane B by an asymmetrical arrangement of the plurality
of gaps 14, and/or by an asymmetrical arrangement of
the plurality of connecting joints 20, with regard to the first
center plane A and/or with regard to the second center
plane B.

[0056] The reactor core is made of a ferromagnetic
material and comprises "gaps" 14. The gaps 14 are also
known as air gaps 14. An air gap 14 is a non-magnetic
part of the reactor core 1 and it is usually connected
magnetically in series, which allows a substantial part
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of the magnetic flux to flow through the gaps 14. The gaps
14 comprised in the first limb 10 and the second limb 12
may be arranged normal (or transversally) to the first axis
z. The nominal total thickness of the plurality of gaps 14 in
all the limbs 10, 12 may, as an example, be 54 mm.
[0057] The asymmetry with regard to the first center
plane A and/or with regard to the second center plane Bis
a structural asymmetry. The structural asymmetry is a
result of arranging the plurality of gaps 14 and/or the
connecting joints 20 in a structurally asymmetric manner
with regard to the first center plane A and/or with regard to
the second center plane B. Such structural asymmetry
may be achieved by selecting asymmetric positioning/lo-
cations of the gaps 14 and/or connecting joints 20, and/or
by selecting properties of individual gaps 14 and/or of
connecting joints 20 such that structural symmetry or
symmetric force distribution is broken. The asymmetry
transforms the monopole-like mode of vibration of an
operating traction reactor 2 comprising the reactor core
1, into a less noise-efficient dipole-like mode of vibration,
thereby reducing noise emissions from a traction reactor
2 comprising the reactor core 1.

[0058] The plurality gaps 14 of the first limb 10 and of
the second limb 12 may be asymmetrically arranged with
regard to the first center plane A and/or with regard to the
second center plane B. As such a number of gaps 14
comprised in the first limb 10 may differ from a number of
gaps 14 comprised in the second limb 12. Individual
thicknesses t of the gaps 14 comprised in the first limb
10 may differ from individual thicknesses t of the gaps 14
comprised in the second limb 12. In the present disclo-
sure, the nominal total thickness is exemplified by 54 mm,
i.e., the total thickness of all the gaps 14 comprised in the
reactor core 1. In the prior art reactor core 1’ shown in Fig.
1,the gaps 14 are symmetrically positioned in with regard
to the first center plane A. In prior art, the gaps 14’ at
interfaces between the limbs and the yoke may be 1,5
mm, with two interface gaps 14’ placed symmetrically on
each side of the first center plane A. The remaining gaps
14’ may be 8 mm, with three gaps 14’ symmetrically
located on each side of the center plane A, bringing
the total thickness to 54 mm.

[0059] According to the present disclosure, the plural-
ity of gaps 14 may comprise at least two different indivi-
dual thicknesses t and the sum of individual thicknesses t
of the plurality of gaps 14 of the first limb 10 and of the
second limb 12 is maintained equal to the total nominal
thickness T. As exemplified in Fig. 4, the gaps 14 of the
firstlimb 10 may have individual thicknesses denoted by
t1, 2 and t3.

[0060] As mentioned above, the total thickness of the
plurality of gaps 14 should be maintained equal to the
nominal total thickness T. Thereby, the reactor core 1 may
be made structurally asymmetric with regard to the first
center plane A and/or with regard to the second center
plane B without affecting the electromagnetic properties
of a traction reactor 2 comprising the reactor core 1.
[0061] In the example of Fig. 4, the arrangement is
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asymmetrical in that five gaps 14 are arranged on one
side of the center plane A, along the first limb 10, com-
prising two interface gaps of t3=1,5 mm and three gaps of
t1=8 mm. The second limb 12, on the other side of the
center plane A, is arranged with three gaps 14 of t2=9
mm. Thereby, the reactor core 1 is structurally asym-
metric with regard to the first center plane A and the total
thickness of the plurality of gaps 14 is kept equal to the
total nominal thickness T of 54 mm.

[0062] In another example, shown in Fig. 5, each gap
14 of the plurality of gaps 14 of the first limb 10 and of the
second limb 12 may comprise a material having a pre-
determined modulus of elasticity, affecting a first stiffness
of the first limb 10 and a second stiffness of the second
limb 12, respectively, as seen along the first axis z. The
first stiffness of the firstlimb 10 and the second stiffness of
the second limb 12 may be asymmetrically arranged with
regard to the first center plane A and/or with regard to the
second center plane B.

[0063] The plurality of gaps 14 may comprise atleasta
first type of gaps 14’ comprising a first material having a
first modulus of elasticity and a second type of gaps 14"
comprising a second material having a second modulus
of elasticity. The first type of gaps 14’ and the second type
of gaps 14" are arranged such that the first stiffness of the
first limb 10 and the second stiffness of the second limb
12 are asymmetrically arranged with regard to the first
center plane A and/or with regard to the second center
plane B.

[0064] The material of the gaps 14 may thus affect the
stiffness of the first limb 10 and of the second limb 12 and
thereby provide a structural asymmetry to the reactor
core 1 with regard to the first center plane A and/or with
regard to the second center plane B. In the example of
Fig. 5, the reactor core 1 comprises a similar setup of
gaps 14 as the prior art reactor core 1’ of Fig. 1. However,
the first limb 10 of the example comprises three first-type
gaps 14’, and two second-type gaps 14" whereas the
second limb 12 comprises five second-type gaps 14",
causing a structural asymmetry with regard to the first
center plane A.

[0065] Thereby, by providing gaps 14 with different
materials, the stiffnesses of the first limb 10 and of the
second limb 12 may be varied to produce a structural
asymmetry of the reactor core 1 without altering the
number of gaps 14 or the individual thicknesses t of
the gaps 14. Alternatively, the stiffnesses of the first limb
10 and of the second limb 12 may be varied by a combi-
nation of different materials, individual thicknesses t an-
d/or number of gaps 14 in the respective first and second
limb 10, 12.

[0066] Asanexample, the first material may be steatite
and the second material may be a fiberglass thermoset
composite laminate, such as G11. Steatite has a modulus
of elasticity greater than 100 GPa and G11 has a modulus
of elasticity of less than 25 GPa.

[0067] The plurality of connecting joints 20 may com-
prises at least a first type of connecting joint 20’ and a
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second type of connecting joint 20". The at least first type
of connecting joint and the at least second type of con-
necting joint may be asymmetrically arranged with regard
tothe first center plane A and/or with regard to the second
center plane B, as shown in Fig. 4, Fig. 6 and Fig. 7.
[0068] The first type of connecting joint 20’ is structu-
rally different as compared to the second type of con-
necting joint 20". Different connecting joints 20 achieve
different stiffnesses and differences in magnetic flux lines
through the connecting joints. The latter may result in
differences in magnetic forces acting on the reactor core
1. The structural asymmetry of the reactor core 1 may
thus be provided by arranging the first type of connecting
joint 20’ and the second type of connecting joint 20"
asymmetrically with regard to the first center plane A
and/or with regard to the second center plane B.

[0069] The at least first type of connecting joints 20’
may comprise butt joints and the at least second type of
connecting joints 20" may comprise step-lap joints.
[0070] As exemplified in Fig. 4, the second type of
connecting joints 20" of the second limb 12, interfacing
with the first yoke 16 and the second yoke 18, comprise
the step-lap joints, which may cause an asymmetric force
distribution in the reactor core 1 when arranged asym-
metrically with regard to the first center plane A, as
shown. The step-lap joints of the present disclosure
comprise interfaces between the limbs and the yokes,
which interfaces are parallel with the third axis y (not
shown) and extending along the first axis zand extending
along the second axis x. Step-lap joints give rise to
different magnetic flux lines as compared to butt joints,
resulting in differences in magnetic forces acting on the
reactor core 1. In the example of Fig. 4, a structural
asymmetry is achieved by arranging two step-lap joints
20" at the interfaces between the second limb 12 and the
first yoke 16 and the second yoke 18 on one side of the
first center plane A, whereas two butt joints (first type of
connecting joint 20’) are arranged on the other side of the
center plane A.

[0071] Alternatively, the atleast first type of connecting
joints 20’ may comprise butt joints, where interfacing
surfaces of the first yoke 16 and/or the second yoke 18
with the first limb 10 and/or with the second limb 12 are
parallel with the first center plane A. The at least second
type of connecting joints 20" may also comprises butt
joints, where interfacing surfaces of the first yoke 16
and/or the second yoke 18 with the first limb 10 and/or
with the second limb 12 are parallel with the second
center plane B. As exemplified in Fig. 6 and Fig. 7, such
first type of connecting joints 21’ and second type of
connecting joints 21" may be arranged asymmetrically
with regard to the first center plane A and/or with regard to
the second center plane B to achieve the intended struc-
tural asymmetry of the reactor core 1.

[0072] Fig. 8 illustrates effects on noise radiation of
example traction reactors 2’ of the present disclosure
compared to prior art traction reactors 2’. The vertical axis
shows noise radiation W expressed in dB. A first curve
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100 shows noise radiation of a prior art traction reactor 2’.
A second curve 200 shows an example of asymmetrically
arranged butt joints and steatite gap material. A third
curve 300 shows an example of asymmetrically arranged
step-lap joints and steatite material. A fourth curve 400
shows an example of asymmetrically arranged steatite
material in one limb and butt joints. It can be seen that
there is a significant reduction in noise radiation around
2500 Hz, i.e., at which frequency conventional traction
reactors are usually prone to high noise radiation. In other
words, traction reactors 2 according to the present dis-
closure provide a significantly improved sound environ-
ment for staff and passengers of a train set comprising the
traction reactor 2.

[0073] Fig. 9 shows a traction reactor 2 according to
the second aspect of the disclosure, the traction reactor 2
comprises the reactor core 1 of any one of the example
embodiments of the first aspect of the disclosure. Each of
the first limb 10 and the second limb 12 comprises a
winding 22. Such a traction reactor 2, having a structu-
rally asymmetric reactor core 1 with regard to the first
center A plane and/or with regard to the second center
plane B, thus has less efficient noise radiation properties
as compared to prior art traction reactors 2'.

[0074] Fig. 10 illustrates an electric power device 3
according to the third aspect of the disclosure. The elec-
tric power device 3 comprises the traction reactor 2
according to any one of the embodiments for the second
aspect of the disclosure. The electric power device
further comprises at least one traction converter 24
and a transformer 26.

[0075] Fig. 10 further shows an electric train set 4
according to the fourth aspect of the disclosure. The
electric train set comprises at least one electrically driven
motor car 28 comprising the electric power device 3
according to anyone of the embodiments of the third
aspect of the disclosure. In the example, two electric
motor cars 28 are shown.

[0076] Traction reactors 2 are located between the
traction converters 24 and the transformer 26. A traction
converter is fed with DC, which is converted to 50 Hz
utility power. However, the traction converter 24 also
produces harmonics because of pulse width modulation
technique (PWM). Such harmonics need to be filtered out
before reaching the transformer 26. Traction reactors 2
are applied to filter out the harmonics and send the 50Hz
signal to the transformer 26.

Claims

1. A reactor core (1) for a traction reactor (2) of an
electric power device (3), said reactor core (1) having
an extension along a first axis (z), a second axis (x)
and a third axis (y), the first axis (z), the second axis
(x) and the third axis (y) being orthogonal to each
other, the reactor core (1) being divided in half, as
seen along the second axis (x), at a first center plane
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(A) extending along the first axis (z) and extending
along the third axis (y), the reactor core (1) being
divided in half, as seen along the first axis (z), at a
second center plane (B) extending along the second
axis (x) and extending along the third axis (y), the
reactor core (1) comprising:

-afirstlimb (10) and a second limb (12), wherein
the first limb (10) and the second limb (12) ex-
tend in parallel with the first axis (z), are symme-
trically arranged with regard to the first center
plane (A), and comprise a plurality of gaps (14)
arranged transversally to the first axis (z), the
gaps (14) having individual thicknesses (t) as
seen along the first axis (z), and where a sum of
individual thicknesses (t) of the plurality of gaps
(14) of the first limb (10) and of the second limb
(12) equals a predetermined nominal total thick-
ness (T),

- afirstyoke (16) and a second yoke (18), where-
in the first yoke (16) and the second yoke (18)
extend in parallel with the second axis (x), and
are symmetrically arranged with regard to the
second center plane (B),

- a plurality of connecting joints (20) formed by
connections between the first yoke (16) and
each of the first limb (10) and the second limb
(12), and by connections between the second
yoke (18) and each of the first limb (10) and the
second limb (12), and

wherein the reactor core (1) comprises an asymme-
try with regard to the first center plane (A) and/or with
regard to the second center plane (B) by an asym-
metrical arrangement of the plurality of gaps (14),
and/or by an asymmetrical arrangement of the plur-
ality of connecting joints (20), with regard to the first
center plane (A) and/or with regard to the second
center plane (B).

The reactor core (1) of claim 1, wherein the plurality
gaps (14) of the first limb (10) and the second limb
(12) are asymmetrically arranged with regard to the
firstcenter plane (A) and/or with regard to the second
center plane (B).

The reactor core (1) of claim 2, wherein the plurality
of gaps (14) comprises at least two different indivi-
dual thicknesses (t) and wherein the sum of indivi-
dual thicknesses (t) of the plurality of gaps (14) of the
first limb (10) and of the second limb (12) is main-
tained equal to the total nominal thickness (T).

The reactor core (1) of any one of the previous
claims, wherein each gap (14) of the plurality of gaps
(14) of the first limb (10) and of the second limb (12)
comprises a material having a predetermined mod-
ulus of elasticity, affecting a first stiffness of the first
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10.

limb (10) and a second stiffness of the second limb
(12), respectively, as seen along the first axis (z), and
wherein the first stiffness of the first limb (10) and the
second stiffness of the second limb (12) are asym-
metrically arranged with regard to the first center
plane (A) and/or with regard to the second center
plane (B).

The reactor core (1) of claim 4, wherein the plurality
of gaps (14) comprises at least a first type of gaps
(14’) comprising a first material having a first mod-
ulus of elasticity and a second type of gaps (14")
comprising a second material having a second mod-
ulus of elasticity, and wherein the first type of gaps
(14’) and the second type of gaps (14") are arranged
such that the first stiffness of the firstlimb (10) and the
second stiffness of the second limb (12) are asym-
metrically arranged with regard to the first center
plane (A) and/or with regard to the second center
plane (B).

The reactor core (1) of claim 5, wherein the first
material is steatite, and the second material is a
fiberglass thermoset composite laminate, such as
G11.

The reactor core (1) of any one of the previous
claims, wherein the plurality of connecting joints
(20) comprises at least a first type of connecting joint
(20’) and a second type of connecting joint (20") and
wherein the at least first type of connecting joint (20°)
and the at least second type of connecting joint (20")
are asymmetrically arranged with regard to the first
center plane (A) and/or with regard to the second
center plane (B).

The reactor core (1) of claim 7, wherein the at least
first type of connecting joints (20’) comprises butt
joints and the at least second type of connecting
joints (20") comprises step-lap joints.

The reactor core (1) of claim 7, wherein the at least
first type of connecting joints (20’) comprises butt
joints wherein interfacing surfaces of the first yoke
(16) and/or the second yoke (18) with the first limb
(10) and/or with the second limb (12) are parallel with
the first center plane (A) and wherein the at least
second type of connecting joints (20") comprises butt
joints wherein interfacing surfaces of the first yoke
(16) and/or the second yoke (18) with the first limb
(10) and/or with the second limb (12) are parallel with
the second center plane (B).

A traction reactor (2) comprising the reactor core (1)
of any one of the claims 1-9, wherein each of the first
limb (10) and the second limb (12) comprises a
winding (22).
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An electric power device (3) comprising the traction
reactor (2) according to claim 10, and further com-
prising at least one traction converter (24) and a
transformer (26).

An electric train set (4) comprising at least one
electrically driven motor car (28) comprising the
electric power device (3) according to claim 11.
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