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(54) Electrical inductor assembly and method of cooling an electrical inductor assembly

(57) An electrical inductor assembly, 10, includes an
inductor core, 14, having a relatively circular geometry.
Also included is a wire guide, 12, surrounding and retain-
ing the inductor core, 14, the wire guide, 12, having a
plurality of slots, 16, for retaining and guiding a plurality
of wires. Further included is an outer housing, 40, sur-
rounding and retaining the wire guide, 12, and a sub-
stance, 30, disposed within at least one of the plurality
of slots, 16, of the wire guide, 12.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to electrical induc-
tors, and more particularly to thermal management of an
electrical inductor assembly, as well as a method of cool-
ing the electrical inductor assembly.
[0002] Electrical inductors are commonly used in cir-
cuits for various reasons, such as filtering electrical cur-
rent. A typical inductor includes a core material and a
plurality of insulated wires wrapped around the core mul-
tiple times, with each wire corresponding to a phase of
electrical current. One application for an inductor is as
part of a power filter in a motor controller. In vehicle motor
control systems, particularly aerospace systems, it is de-
sirable to reduce the size and weight of components.
Unfortunately, reducing the size of an inductor reduces
an inductor’s surface area of the inductor, thereby making
heat dissipation more difficult. Additionally, current ma-
terials employed often have poor thermal conductivity,
which therefore hinders efforts to thermally couple the
core to cooling elements and to dissipate heat from the
core. Reduced heat dissipation is particularly disadvan-
tageous based on the high temperature sensitivity that
the core material and the wires have.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to one embodiment, an electrical in-
ductor assembly includes an inductor core having a rel-
atively circular geometry. Also included is a wire guide
surrounding and retaining the inductor core, the wire
guide having a plurality of slots for retaining and guiding
a plurality of wires. Further included is an outer housing
surrounding and retaining the wire guide and a substance
disposed within at least one of the plurality of slots of the
wire guide.
[0004] According to another embodiment, a method of
cooling an electrical inductor assembly is provided. The
method includes disposing a substance within at least
one of a plurality of slots of a wire guide surrounding and
retaining an inductor core. Also included is surrounding
and retaining the wire guide and the substance with an
outer housing disposed proximate a radially outer portion
of the wire guide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The subject matter which is regarded as the in-
vention is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:
[0006] FIG. 1 is an exploded, perspective view of an
electrical inductor assembly;

[0007] FIG. 2 is a side, cross-sectional view of the elec-
trical inductor assembly; and
[0008] FIG. 3 is a flow diagram illustrating a method of
cooling the electrical inductor assembly.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Referring to FIG. 1, an electrical inductor as-
sembly 10 is illustrated in an exploded view. Specifically,
illustrated is a portion of a core and wire guide assembly.
The electrical inductor assembly 10 described herein
may be employed in a variety of applications, with one
such application being part of a power filter in a motor
controller (not illustrated). The motor controller may be
used in conjunction with an assembly or system of a ve-
hicle, such as an aircraft, however, it is contemplated that
other vehicles may benefit from the embodiments de-
scribed herein. Furthermore, in one embodiment, the
electrical inductor assembly 10 is configured to be a com-
mon mode inductor, wherein each of a plurality of wires
are configured so that current flows through each of the
wires in the same direction.
[0010] The electrical inductor assembly 10 includes a
wire guide 12 that is shown as two separate portions that
are coupled together upon final assembly. The wire guide
12 surrounds and retains an inductor core 14 having a
relatively circular geometry. In an exemplary embodi-
ment, the inductor core 14 is formed of a plurality of core
portions 14a, 14b, 14c, 14d and 14e. One or more insu-
lating layers may be applied to various portions of one
or more of the plurality of core portions 14a, 14b, 14c,
14d and 14e to fasten the portions together and to elec-
trically isolate the inductor core 14 from a plurality of wires
that will be discussed below in detail. An adhesive may
be applied to one or more portions of the inductor core
14 to fasten the inductor core 14 to the wire guide 12. In
one embodiment, the inductor core 14 is made of a na-
nocrystalline magnetic material, such as Vitroperm®
VP500F, although it is to be understood that numerous
other materials may be employed. In an exemplary em-
bodiment, core portions 14a, 14c and 14e are electrically
insulating adhesive layers, while core portions 14b and
14d are a nanocrystalline alloy, such as Vitroperm®, for
example.
[0011] The wire guide 12 is configured to guide a plu-
rality of wires (not illustrated) which form a plurality of
windings. The plurality of wires are disposed within a plu-
rality of slots 16 that form paths winding around the in-
ductor core 14. The plurality of slots 16 allow the plurality
of wires to be closely wound together around the wire
guide 12, while remaining electrically isolated from each
other. Additionally, as illustrated, the plurality of slots 16
are disposed proximate a top portion 18, a bottom portion
20, a radially outer portion 22 and a radially inner portion
24 of the wire guide 12. The wire guide 12 is formed of
a thermal plastic material that is thermally conductive and
electrically non-conductive. Specifically, the thermal
plastic material may have a thermal conductivity of about
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10-20 W/m-K. Although it is contemplated that various
materials may be suitable, in one embodiment, the ma-
terial CoolPoly® may be employed to satisfy the above-
noted properties.
[0012] Referring to FIG. 2, a cross-sectional view illus-
trates the electrical inductor assembly 10 in additional
detail. Specifically, components for directly or indirectly
thermally coupling the inductor core 14 to cooling ele-
ments are illustrated. The inductor core 14 is typically
formed of a material that is highly sensitive to tempera-
ture, such that effective cooling is advantageous for over-
all efficiency of the electrical inductor assembly 10. A
substance 30 is disposed at least partially within at least
one, but typically all of the plurality of slots 16 to electri-
cally isolate the plurality of wires disposed therein, and
to thermally couple the plurality of wires to various cooling
elements that will be described below. The substance 30
may comprise various materials, and in an exemplary
embodiment, the substance 30 comprises a high thermal
conductivity compound, similar or identical to that of the
material of the wire guide 12 described above. In an al-
ternative embodiment, the substance 30 may comprise
an epoxy resin compound, such as boron nitride based
high conductivity potting compound. In yet another alter-
native embodiment, the substance 30 may comprise a
Stycast® potting compound. The preceding list is merely
illustrative and it is to be appreciated that numerous other
compounds are contemplated.
[0013] To surround and retain the wire guide 12, as
well as the substance 30, an outer housing 40 is disposed
proximate the radially outer portion 22 of the wire guide
12. The outer housing 40 extends circumferentially
around the radially outer portion 22 to enclose the sub-
stance 30 disposed within the plurality of slots 16. Addi-
tionally, the outer housing 40 may extend radially inward-
ly along the bottom portion 20 of the wire guide 12. Similar
to the wire guide 12 and the substance 30, the outer
housing 40 is formed of a thermal plastic material com-
prising a high thermal conductivity compound, such as
those described in detail above.
[0014] A heat sink arrangement 50 includes a top plate
52 disposed proximate the top portion 18 of the wire guide
12 and may be formed of a ring-like geometry that ex-
tends radially inwardly to the radially inner portion 24 of
the wire guide 12 or may be a fully circular plate that
extends radially inwardly past the radially inner portion
24, as illustrated. The heat sink arrangement 50 also in-
cludes a cylindrical structure 54 disposed proximate the
radially inner portion 24 of the wire guide 12 and extends
therealong from the top plate 52 to a cold plate 56 located
proximate the bottom portion 20 of the wire guide 12. The
cold plate 56 is typically cooled by a fluid that is routed
throughout interior portions of the cold plate 56. The top
plate 52 and the cylindrical structure 54 are typically
formed of a metal, such as aluminum, for example, how-
ever, alternative materials are contemplated. The top
plate 52 and the cylindrical structure 54 are operably cou-
pled via any suitable fastening process, such as mechan-

ical fasteners or welding. It is also contemplated that the
top plate 52 and the cylindrical structure 54 are integrally
formed, such as by casting the heat sink arrangement 50.
[0015] The outer housing 40 and the heat sink arrange-
ment 50 are configured to thermally couple the inductor
core 14 and the plurality of wires forming a winding 28
to the cold plate 56 and to dissipate heat from the inductor
core 14 and the winding 28. The thermal coupling and
the heat dissipation is facilitated by operably coupling, or
disposing in close contact, the outer housing 40 and the
heat sink arrangement 50 to the cold plate 56. For the
heat sink arrangement 50, a bottom region 58 of the cy-
lindrical structure 54 is disposed adjacent the cold plate
56. The bottom region 58 may simply comprise a bottom
edge of the cylindrical structure 54 or may be a bottom
plate that fully extends around the radially inner portion
24 of the wire guide 12. The outer housing 40 may be
disposed adjacent the cold plate 56 via a bottom section
42 of the outer housing 40. Additionally, the outer housing
40 and the heat sink arrangement 50 may be operably
coupled to each other or disposed in close contact.
[0016] A method of cooling an electrical inductor as-
sembly 100 is also provided as illustrated in FIG. 3 and
with reference to FIGS. 1 and 2. The electrical inductor
assembly 10 has been previously described and specific
structural components need not be described in further
detail. The method for cooling an electrical inductor as-
sembly 100 includes disposing a substance within at
least one of a plurality of slots of a wire guide surrounding
and retaining an inductor core 102. The wire guide and
the substance is surrounded and retained with an outer
housing disposed proximate a radially outer portion of
the wire guide 104. Additionally, a heat sink arrangement
may be disposed along a radially inner portion of the wire
guide, as described in detail above.
[0017] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. An electrical inductor assembly (10) comprising:

an inductor core (14) having a relatively circular
geometry;
a wire guide (12) surrounding and retaining the
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inductor core, the wire guide having a plurality
of slots (16) for retaining and guiding a plurality
of wires; and
an outer housing (40) surrounding and retaining
the wire guide (12) and a substance (30) dis-
posed within at least one of the plurality of slots
(16) of the wire guide (12).

2. The electrical inductor assembly (10) of claim 1, fur-
ther comprising a heat sink arrangement (50) com-
prising a top plate (52) disposed proximate a top re-
gion of the wire guide (12) and a cylindrical structure
(54) disposed along a radially inner portion of the
wire guide (12).

3. The electrical inductor assembly (10) of claim 2,
wherein the cylindrical structure (54) and the top
plate (52) are mechanically fastened to each other.

4. The electrical inductor assembly of claim 3, wherein
the cylindrical structure (54) and the top plate (52)
are welded to each other.

5. The electrical inductor assembly of claim 1, wherein
the wire guide (12) comprises a thermal plastic ma-
terial, and/or wherein the cylindrical structure (54) of
the heat sink arrangement (50) is thermally coupled
to the outer housing (40).

6. The electrical inductor assembly of claim 1, wherein
the substance (30) disposed within at least one of
the plurality of slots (16) comprises a high thermal
conductivity compound, and/or wherein the sub-
stance (30) comprises an epoxy resin compound.

7. The electrical inductor assembly of claim 1, wherein
the outer housing (40) comprises a thermal plastic
material.

8. The electrical inductor assembly of claim 7, wherein
the thermal plastic material has thermally conductive
properties and electrically non-conductive proper-
ties.

9. The electrical inductor assembly of claim 1, further
comprising a cold plate (56) disposed proximate a
bottom region of the wire guide (12).

10. The electrical inductor assembly of claim 9, wherein
the outer housing (40) and the cylindrical structure
(54) are thermally coupled to the cold plate (56).

11. A method of cooling an electrical inductor assembly
(10) comprising:

disposing a substance (30) within at least one
of a plurality of slots (16) of a wire guide (12)
surrounding and retaining an inductor core (14);

and
surrounding and retaining the wire guide (12)
and the substance (30) with an outer housing
(40) disposed proximate a radially outer portion
of the wire guide (12).

12. The method of claim 11, further comprising disposing
a heat sink arrangement (50) in operable communi-
cation with the electrical inductor assembly (10).

13. The method of claim 12, wherein disposing the heat
sink arrangement (50) in operable communication
with the electrical inductor assembly (10) comprises
positioning a top plate (52) proximate a top region
of the wire guide (12) and positioning a cylindrical
structure (54) proximate a radially inner region of the
wire guide (12), wherein the top plate (52) and the
cylindrical structure (54) are mechanically fastened
to each other.

14. The method of claim 11, further comprising operably
coupling the heat sink arrangement (50) and the out-
er housing (40) to a cold plate (56) disposed proxi-
mate a bottom region of the wire guide (12).

15. The method of claim 13, further comprising welding
the top plate (52) to the cylindrical structure (54).
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