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(57) Abrégé/Abstract:

A sealed core-coil assembly includes a coil assembly having an inner coil with inner, outer, upper, and lower surfaces, and an outer
coil with inner, outer, upper, and lower surfaces, a core assembly including a core window and core column of a magnetically-
permeable material, the core column and core window having inner side surfaces, and an expandable sealing member including
an inner cavity that is fillable or evacuatable. An expandable sealing member is provided between: one or more inner side surfaces
of the core column and one or more inner surfaces of the inner coil, the outer surface of the inner coil and the inner surface of the
outer coil, and between the upper and lower surfaces of the inner and outer coils and the inner side surfaces of the core window.
Core-coil assemblies, sealing assemblies, and sealing methods are provided, as are numerous other aspects.
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(57) Abstract: A sealed core-coil assembly includes a coil assembly having an inner coil with inner, outer, upper, and lower surfaces,
and an outer coil with inner, outer, upper, and lower surfaces, a core assembly including a core window and core column of a magnet-
ically-permeable material, the core column and core window having inner side surfaces, and an expandable sealing member including
an inner cavity that is fillable or evacuatable. An expandable sealing member is provided between: one or more inner side surfaces of
the core column and one or more inner surfaces of the inner coil, the outer surface of the inner coil and the inner surface of the outer
coil, and between the upper and lower surfaces of the inner and outer coils and the inner side surfaces of the core window. Core-coil
assemblies, sealing assemblies, and sealing methods are provided, as are numerous other aspects.
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CORE SEALING ASSEMBLIES, CORE-COIL ASSEMBLIES, AND SEALING
METHODS

FIEID
[001] This application relates to transformers used for
electric power distribution, and more particularly to
apparatus, assemblies, and methods for sealing between

components in dry-type transformers.

BACKGROUND
[002] Transformers are employed to increase or decrease
voltage levels during electrical power distribution. To
transmit electrical power over a long distance, a transformer
may be used to raise the voltage and reduce the current of the
power being transmitted. A reduced current level reduces
resistive power losses from the electrical cables used to
transmit the power. When the power is to be consumed, a
transformer may be employed to reduce the voltage level, and
increase the current, of the power to a level specified by the

end user.

[003] One type of transformer that may be employed is a
dry, submersible transformer, as described, for example, in
U.S. Patent No. 8,614,614. Such transformers may be employed
underground, in cities, etc., and may be designed to withstand
harsh environments such as water exposure, humidity, polliution,
and the like. Improved apparatus, assemblies, and methods for

submersible and other dry-type transformers are desired.
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SUMMARY

[004] In some embodiments, a core-coil assembly of a dry-
type transformer is provided. The core-coil assembly includes a
coil assembly having an inner coil with an inner surface, an
outer surface, an upper surface, and a lower surface, and an
outer coil with an inner surface, an outer surface, an upper
surface, and a lower surface; a core assembly including a core
window and a core column of a magnetically-permeable material,
the core column and the core window having inner side surfaces;
and an expandable sealing member including an inner cavity that
is fillable or evacuatable provided between:

one or more inner side surfaces of the core column and an
inner surface of the inner coil,

the outer surface of the inner coil and the inner surface
of the outer coil, and

between the upper surface and lower surface of the inner
coil and the outer coil and the inner side surfaces of the core

window.

[005] In some embodiments, a core-coil assembly is
provided. The core-coil assembly includes a coil assembly
including multiple coils, each of the multiple coils having
outer peripheral surfaces; a core assembly including a core
window and at least one core column of a magnetically-permeable
material, the core window having inner side surfaces; and
expandable sealing members each including an inner cavity that
is fillable or evacuatable inserted between the outer
peripheral surfaces of the multiple coils within the core
window and between the multiple coils and the inner side

surfaces of the core window.

Date Regue/Date Received 2020-12-04



CA 03102644 2020-12-04

87512411

2a

[005a] According to another aspect of the present invention,
there is provided a sealing assembly, comprising: core-coil
assembly components provided in a spaced relationship defining
a gap; an expandable sealing member configured to occupy the
gap, the expandable sealing member including a cavity; an
expander/contractor apparatus comprising a port connector
coupled to the cavity, and either: a pump configured to pump a
fill material into the cavity and expand the expandable sealing
member into the gap, or a vacuum configured to evacuate the
cavity, so that when the vacuum is released the expandable

sealing member expands into the gap.

[005Db] According to another aspect of the present invention,
there is provided a core-coil assembly, comprising: a core
column; a first coil received about the core column and forming
a gap; and an expandable sealing member including a cavity

sealing the gap between the core column and the first coil.

[006] In some embodiments, a core-coil assembly is

Date Regue/Date Received 2020-12-04
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provided. The core-coil assembly includes a core assembly of a
magnetically-permeable material having a core window with an
inner side surface; a coil assembly, a portion of which
resides in the core window, the coil assembly including an end
surface; and an expandable sealing member provided between the
inner side surface of the core window and the end surface of
the coil assembly, the expandable sealing member including an

inner cavity.

[007] In further embodiments, a method of sealing a core-
colil assembly i1s provided. The method includes providing a
core assembly having a core window; providing a coil assembly,
a portion of which, resides in the core window; providing
expandable sealing member including an inner cavity in a gap
in the core window that is unoccupied by the coil assembly;
and increasing the volume of the inner cavity to expand an

outside dimension of the sealing member to seal the gap.

[008] Still other aspects, features, and advantages of
this disclosure may be readily apparent from the following
detailed description illustrated by a number of example
embodiments and implementations. This disclosure may also be
capable of other and different embodiments, and its several
details may be modified in various respects. Accordingly, the
drawings and descriptions are to be regarded as illustrative

in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] The drawings, described below, are for illustrative
purposes only and are not necessarily drawn to scale. The
drawings are not intended to limit the scope of the invention

in any way. Wherever possible, the same or like reference
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numbers are used throughout the drawings to refer to the same

or like parts.

[0010] FIG. 1 illustrates a side plan view of a submersible
dry-type transformer including multiple core-coil assemblies

in accordance with one or more embodiments provided herein.

[0011] FIG. 2A illustrates a perspective view of a coil
assembly including inner and outer coils in accordance with

one or more embodiments provided herein.

[0012] FIG. 2B illustrates a perspective view of an inner coil
of the coil assembly in accordance with one or more

embodiments provided herein.

[0013] FIG. 2C illustrates a perspective view of an outer coil
of the coil assembly in accordance with one or more

embodiments provided herein.

[0014] FIG. 3A illustrates a side plan view of an example
embodiment of the core assembly in accordance with one or more

embodiments provided herein.

[0015] FIG. 3B illustrates a cross—-sectioned partial side view
of an example embodiment of a core-coil assembly including a
core assembly and coil assemblies in accordance with one or

more embodiments provided herein.

[0016] FIG. 3C illustrates a cross-sectioned partial top view
of an example embodiment of the core-coil assembly in

accordance with one or more embodiments provided herein.

[0017] FIG. 4A illustrates a cross-sectioned side view of an
embodiment of expandable sealing member in accordance with one

or more embodiments provided herein.
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[0018] FIG. 4B illustrates an enlarged cross-sectioned end
view of an embodiment of expandable sealing member taken along
section line 4B-4B of FIG. 4A in accordance with one or more

embodiments provided herein.

[0019] FIG. 4C illustrates a cross—-sectioned side view of
another embodiment of expandable sealing member having a side
port in accordance with one or more embodiments provided

herein.

[0020] FIG. 4D illustrates an enlarged cross-sectioned end
view of an embodiment of expandable sealing member taken along
section line 4D-4D of FIG. 4C in accordance with one or more

embodiments provided herein.

[0021] FIG. 4E illustrates an enlarged cross-sectioned end
view of an embodiment of expandable sealing member including
an extended side port in accordance with one or more

embodiments provided herein.

[0022] FIG. 5A illustrates a cross—-sectioned side view of an
embodiment of expandable sealing member having a fill
apparatus coupled thereto and being shown in a non-expanded
configuration in accordance with one or more embodiments

provided herein.

[0023] FIG. 5B illustrates a cross—-sectioned side view of an
embodiment of expandable sealing member having a fill
apparatus coupled thereto and being shown in an expanded and
filled configuration in accordance with one or more

embodiments provided herein.

[0024] FIG. 5C illustrates a cross—-sectioned side view of an
embodiment of expandable sealing member having the fill

apparatus decoupled and being shown in an expanded, filled and
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cured configuration in accordance with one or more embodiments

provided herein.

[0025] FIG. 6 illustrates a cross-sectioned side view of an
embodiment of an expandable sealing member having an
evacuation and fill apparatus coupled thereto and being shown
in a contracted configuration prior to fill in accordance with

one or more embodiments provided herein.

[0026] FIG. 7A illustrates a cross-sectioned side view of an
embodiment of expandable sealing member having an evacuation
apparatus including a vacuum pump coupled thereto and being

shown in a contracted configuration in accordance with one or

more embodiments provided herein.

[0027] FIG. 7B illustrates a cross-sectioned side view of an
embodiment of expandable sealing member shown in an contracted
configuration (under wvacuum) and decoupled from the vacuum
pump in accordance with one or more embodiments provided

herein.

[0028] FIG. 7C illustrates a cross-sectioned side view of an
embodiment of expandable sealing member shown in an expanded

configuration (upon release of the vacuum) and decoupled from
the evacuation apparatus in accordance with one or more

embodiments provided herein.

[0029] FIG. 7D illustrates a cross-sectioned side view of an
embodiment of expandable sealing member having the vacuum pump
of the evacuation apparatus decoupled therefrom and being
shown in a contracted (non-expanded) configuration wherein the
contraction and removal of the vacuum pump can occur remotely

from the location where the expandable sealing member is used
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for sealing in accordance with one or more embodiments

provided herein.

[0030] FIG. 7E illustrates a cross—-sectioned side view of an
embodiment of expandable sealing member shown in an expanded
configuration and with the cavity being filled with a filler
material in accordance with one or more embodiments provided

herein.

[0031] FIG. 7F illustrates a cross-sectioned side view of an
embodiment of expandable sealing member shown in an expanded
and filled configuration in accordance with one or more

embodiments provided herein.

[0032] FIG. 7G illustrates a cross-sectioned side view of an
embodiment of expandable sealing member shown in an expanded
and plugged configuration in accordance with one or more

embodiments provided herein.

[0033] FIG. 8A illustrates a cross—-sectioned side view of an
embodiment of expandable sealing member that i1s extruded and
then end plugged in accordance with one or more embodiments

provided herein.

[0034] FIG. 8B illustrates a side plan view the expandable
sealing member of FIG. 8A in accordance with one or more

embodiments provided herein.

[0035] FIG. 8C illustrates an enlarged cross-sectioned end
view of the expandable sealing member of FIG. 8A taken along
section line 8C-8C and showing a non-rectangular cross-
sectional shape that can be preferentially contracted in one
direction in accordance with one or more embodiments provided

herein.
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[0036] FIG. 8D illustrates an enlarged cross-sectioned end
view of the expandable sealing member of FIG. 8SA-8C
illustrating preferential contraction in one direction in

accordance with one or more embodiments provided herein.

[0037] FIG. 9A illustrates a cross—sectioned side view of an
embodiment of expandable sealing member that is blow molded in

accordance with one or more embodiments provided herein.

[0038] FIG. 9B illustrates a side plan view the expandable
sealing member of FIG. 9A in accordance with one or more

embodiments provided herein.

[0039] FIG. 9C illustrates a cross—-sectioned end view of the
expandable sealing member taken along section line 9C-9C of

FIG. 9A and showing another non-rectangular shape that can be
preferentially contracted in one direction in accordance with

one or more embodiments provided herein.

[0040] FIG. 9D illustrates an end view 0of the expandable
sealing member of FIG. 9A-9C in accordance with one or more

embodiments provided herein.

[0041] FIG. 9E illustrates an end view 0of the expandable
sealing member of FIGs. 9A-9D shown preferentially contracted
in one direction in accordance with one or more embodiments

provided herein.

[0042] FIG. 10 illustrates a flowchart of a method of sealing
a core-coil assembly in accordance with one or more

embodiments provided herein.

DETAILED DESCRIPTION
[0043] As mentioned above, submersible dry-type
transformers may be employed underground and/or in other

environments that may expose the transformers to water,
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humidity, pollutants, etc. Such transformers are often
connected to deliver multiple phases of electrical power, such
as 2-phase or 3-phase electrical power. Common 3-phase
configurations include, for example, delta and wye connected

transformer assemblies.

[0044] In accordance with one or more embodiments described
herein, submersible dry-type transformers, core-coil
assemblies, and methods of sealing core-coils assemblies are
provided that offer improved manufacturing time. In the prior
art, foam strip elements are used to seal between the core
window and the outer parts of the low-voltage inner coil and
the outer parts of the high-voltage outer coil of the coil
assembly, and also between the low-voltage inner coill and the
high-voltage outer coil. These foam strips are compressed
during installation, for example where the low-voltage inner
coll is inserted over the core column with the foam strips in
place. Of course, in order to retain the proper seal, the
thickness of the foam strip is slightly thicker than the gap
it seals. As such, insertion of the low-voltage inner coil
over the core column during the assembly method of the core-
coll assembly can be quite difficult and can take relatively
large forces to accomplish. Moreover, 1t may be difficult to
keep the foam strip elements in place during assembly thereof,
i.e., they tend to slide along with the low-voltage inner coil.
Likewise, sealing between the low-voltage inner coil and the
high-voltage outer coill can have the same problems of high
forces to insert the high-voltage outer coil over the low-
voltage inner coil and with keeping the seal properly
positioned. Similar problems can be encountered sealing the

core window above and below the coil assembly.
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[0045] Thus, in accordance with one or more embodiments of
the disclosure, methods and apparatus are provided that can
improve ease of assembly 0of the core-coil assembly and of the
sealing elements and/or the effectiveness of the sealing of

the core window.

[0046] In some embodiments, a core-coil assembly of a dry-
type transformer is provided. In some embodiments, the core-
coll assembly comprises an expandable sealing member including
an inner cavity that is fillable or evacuatable or both. The
fillable or evacuatable sealing member seals the core window,
and in particular, between one or more side surfaces of a core
column and an inner side surface of the low-voltage inner coil,
between the outer surface of the low-voltage inner coil and

the inner surface of the high-voltage outer coil, and between

a top and bottom of the coil assembly and the inside surface

of the core window.

[0047] The expandable sealing member that includes an inner
cavity that i1s fillable or evacuatable is configured so that
it can have a dimension that is less than the gap it will fill
initially and then can be expanded to fill the gap dimension
between the components being sealed. In some embodiments, the
cavity of the expandable sealing member is filled with a
material (e.g., silicone under pressure) in order to expand
the expandable sealing member to fill the gap. Once filled,
the filler material can be cured in place. In other
embodiments, a vacuum can be applied to the cavity of the
expandable sealing member to contract/flex at least some
portions of the expandable sealing member to produce a
dimension that is less than the gap. The vacuum can then be

released to allow the expandable sealing member to seal the
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gap. This can further be followed by optional filling the
cavity with a suitable material. Because the expandable
sealing member has a dimension less than the gap dimension, no
force against the sealing member is needed to assemble the
various units (low-voltage inner coil to core column, high-
voltage outer coil to low-voltage inner coil, and coil
assembly to core window). The expandable sealing member can be
position easily during the assembly methods and precisely

positioned.

[0048] These and other embodiments of expandable sealing
members including a cavity, sealing apparatus, core-coil
assemblies, and dry-type transformers including expandable
sealing members are described herein with reference to FIGs.

1-10 herein.

[0049] FIG. 1 is a front plan view of a dry-type
transformer 100 in accordance with embodiments provided herein.
The dry-type transformer 100 shown is a three-phase
transformer, but in other embodiments, transformers with
different number of phases may be employed (e.g., one or two
phases). Dry-type transformer as used herein means a
transformer that includes high-voltage and low-voltage coils
that are not submerged in an o0il bath contained within an
enclosure. Such dry-type transformers 100 have significant
advantages, in that they do not utilize oil that could escape
the enclosure and cause contamination or possibly ignite
during an extreme event. Moreover, the coils are exposed
directly to the environment such that the can run cooler via

cooling by air or water (when submerged).

[0050] By way of example, the dry-type transformer 100 can

include a core assembly 102 mounted between an upper frame
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portion 104U and lower frame portion 104L. Insulating sheets
(not shown) may be provided to insulate the front and back
sides of the core assembly 102 from the respective front and
back portions of the upper frame 104U and lower frame 104L.
Core assembly 102 may be made up of multiple laminations of a
magnetic material. Example magnetic materials include
magnetically-permeable materials such as iron, steel,
amorphous steel or other amorphous magnetically permeable
metals, silicon-steel alloy, carbonyl iron, ferrite ceramics,
and more particularly laminated layers of one or more of the
above materials, and the like. In some embodiments, laminated
ferromagnetic metal materials having high cobalt content can
be used. Other suitable magnet metals and magnetically-

permeable materials can be used.

[0051] As shown in FIG. 1 and FIG. 3A-3C, core assembly 102
can include multiple interconnected pieces, which can include,
one or more core columns and in the depicted embodiment,
vertical core columns 102L, 102C, and 102R. Vertical core
columns 102L, 102C, and 102R can be assembled with top and
bottom core legs 102T, 102B to form the core assembly 102.
Construction may include step-laps between respective
components of the core assembly 102. Construction of the core
assembly 102 can be as is shown in US 4,200,854 or US
8,212,645, for example. Other lapping configurations of the
core assembly 102 or even wound core configurations could be
used. When assembled, bolted together and painted, the core

assembly 102 can include, as shown, two core windows 102W.

[0052] Each core window 102W includes, and is defined by,
side surfaces 102S. Two core windows 102W are shown in the

depicted embodiment. However, it should be recognized that the
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described methods and apparatus herein are applicable to core
assemblies with only one core window and including two core
columns wherein one or two coil assemblies are provided over
respective core columns thereof. Further, in the depicted
embodiments, the core columns 102L, 102C, 102R are shown as

vertically oriented. However, other orientations are possible.

[0053] In some embodiments, within dry-type transformer 100,
each core column 102L, 102C, and 102R can be surrounded by a
coll assembly, namely coil assemblies 106, 108, 110. An

example core assembly is shown in FIG. Z2A.

[0054] FIG. 2A illustrates a perspective view of an example
coil assembly 106. Coil assembly 106 is shown and described
herein by way of example, and coil assemblies 108, 110 can be
identical or substantially identical thereto. As best shown in
FIGs. 2B-2C, the coil assembly 106 includes a low-voltage
inner coil 112 and a high-voltage outer coil 114, which may be
concentric when installed with the low-voltage inner coil 112.
Low-voltage inner coil 112 may be electrically iscolated from
the core assembly 102 and also from the high-voltage outer
colil 114. For example, low-voltage inner coil 112 may be
surrounded by an insulating material such as a molded resin.
Likewise, high-voltage outer coil 114 may be surrounded by an
insulating material such as a molded resin. Example insulating
materials can include any suitable solid insulation, such as

an epoxy, polyurethane, polyester, silicone, and the like.

[0055] Referring again to FIG. 1A and also to FIGs. 3A-3B,
the coil assemblies 106, 108, 110 and core assembly 102 can be
separated by expandable sealing members 116a-116n wherein at
least some, and preferably all include a cavity. Prior art

foam sealing sheets are described in US 8,614,614 entitled
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“Submersible Dry Transformer”. Expandable sealing members 1l16a-
116n may be any suitable compliant insulation material
including a cavity 440 and collectively operate to seal a plane
of the core window 102W of the core assembly 102 that is
unoccupied to prevent a loop of water from being formed when

submerged.

[0056] In FIG. 3B-3C, the expandable sealing members 116C-
116d, 1lleg-1lon and are shown aligned along a central plane 115
of the window 102W. The other expandable sealing elements 116a-
116b and 116e-116f can be aligned along the same central plane
115. Such plane-aligned expandable sealing members 116a-116n
prevent the formation of a loop of water would act like an
electrical short. As shown, expandable sealing elements 116h,
1161, 1161, and 1llém are included between the low-voltage inner
coil 112 and a high-voltage outer coil 114. Expandable sealing
elements 116g, 11673, 1106k, and 116n are included between the
low-voltage inner coil 112 and the side surfaces of core
columns 102L, 102C, 102R and aligned along the central plane
115. Expandable sealing members 116c and 116d are included
between the high-voltage outer coils 114 and can be aligned
along the central plane 115. Likewise, expandable sealing
elements 116a-116b and 116e-116f are included between the upper
surfaces and lower surfaces and the side surfaces 1025 of the
core window 120W and can be aligned along the central plane

115.

[0057] Thus, in one embodiment, a core-coil assembly
200 is provided that includes a core column (e.g., any one of
core columns 102L, 102C, 102R), and a first coil (e.g., any one

of inner coils 212) received about the respective core column
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(e.g., any one of core columns 102L, 102C, 102R) and forming a
gap there between. Core-coil assembly 200 further includes an
expandable sealing member (e.g., any one of expandable sealing
members 1lleg, 1163, 116k, 1lén) including a cavity 440,
sealing the gap between the respective core column and the

respective first coil.

[0058] The core-coil assembly 200 can further include a
second coil (e.g., outer coil 214) surrounding the first coil
(e.g., inner coil 212) and providing another gap between the
first coil and the second coil, and another expandable sealing
member (e.g., one of expandable sealing members 1lloh, 1161,
1161, and 116m) including a cavity 440 sealing the gap between

the first coil and the second coil.

[0059] In another embodiment, a core-coil assembly 200
configured with sealed ends of a coil assembly is provided
(See FIGs. 3A-3C). The core-coil assembly 200 includes a core
assembly 102 of a magnetically-permeable material having one
or more core windows 102W with inner side surfaces 1023, and a
coil assembly (e.g., coil assembly 106, 108, 110) in at least
one, and preferably all of the core windows 102W, the coil
assembly including end surfaces (e.g., end surfaces 244, 24e¢,
248, 250). The core-coil assembly 200 further includes an
expandable sealing member (e.g., expandable sealing member
116a, 116b, 1lle6e, 116f) provided between the inner side
surface 102S of the core window 102W and the end surfaces 244,
246, 248, 2500f the coil assembly, the expandable sealing

member including an inner cavity.

[0060] Referring now to FIGs. 1 and 2A-2B, each of the coil
assemblies 106, 108, 110 of the transformer 100 can be

provided with high voltage terminals 118 that can be
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positioned at a top front of the respective coil assemblies
106, 108, 110. Low voltage terminals 219 of the low voltage
inner coil 212 (FIG. 2B) can be provided on a back side of the
coil assemblies 106, 108, 110. For example, as best shown in
FIG. 22, the high voltage terminals 118 can be located on a
top front of a columnar front extension 2260E of the coil
housing 226 comprising insulation around the respective high-
voltage outer coil 214. The low voltage terminals 219 can be
located on a rear part of the low-voltage inner coil 212.
However, the high voltage terminals 118 and low voltage
terminals 219 could be located elsewhere. The high voltage
terminals 118 provide electrical power connections to the
high-voltage outer coils 214 of the respective coil assemblies
106, 108, 110. Connectors (not shown), such as sealed plug-in
connectors, may be provided to facilitate sealed connection of
high-voltage terminals 118 to electrical cables (not shown).
Wye connections (not shown) or the like may be made with low
voltage terminals 219. Other suitable sealed electrical

connections are possible.

[0061] As best shown in FIGs. 1 and 2A-C, the transformer
100 can also include delta connections 120A, 120B, and 120C
between the respective high-voltage outer coils 114 of the
colil assemblies 106, 108, 110. Delta connections 120A, 120B,
120C may comprise shielded cables, for example. Each of the
delta connections 120A, 120B, 120C can be made to an upper
delta terminal 122 and a lower delta terminal 124 of the high-
voltage outer coil 114 of each of the coil assemblies 106, 108,
110, as shown. The electrical connections can be sealed
connections. The upper delta terminal 122 and lower delta
terminal 124 can extend horizontally (as shown) from the

columnar front extension 226k of the coil housing 226. For
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example, the upper delta terminal 122 and lower delta terminal
124 can extend outwardly from a front face 226F of the columnar

front extension 226E in some embodiments.

[0062] The high-voltage outer coil 114 of each of the coil
assemblies 106, 108, 110 can include a grounding terminal 128.
Grounding conductors 129, such as braided cables can connect
between the respective grounding terminals 128 of the high-
voltage outer coils 114 and the lower frame 104L, for example.
A common grounding strap 130 can attach to the lower frame 104L
and can provide an earth ground. Each of the coil assemblies
106, 108, 110 can include a tap changer assembly 132. Tap
changer assemblies 132 allows the voltage across the respective
the coil assemblies 106, 108, 110 to be adjusted, usually by a
+/- voltage about a nominal voltage value by repositioning a

moveable bridge element.

[0063] Additional details regarding conventional
construction of submersible dry-type transformers 100 that may
be employed in accordance with one or more embodiments provided
herein are described in previously-mentioned US 8,614,614 and

Us 9,355,772.

[0064] In accordance with a broad embodiment of the
disclosure, a core-coil assembly (e.g., core-colil assembly 1006)
of a dry-type transformer is provided. Core coil assemblies 108
and 110 can be identical or substantially identical. The core-
coil assembly 106 has an inner coil (e.g., low-voltage inner
coil 212) with an inner surface 232 and an outer surface 234
and an outer coil 214 with an inner surface 236 and an outer

surface 238. Each of the surfaces 232, 234, 236, 238 can

Date Regue/Date Received 2020-12-04



CA 03102644 2020-12-04

WO 2019/232762 PCT/CN2018/090316
18

be cylindrical at the location to be sealed, as will be
further described herein.

[0065] The core-coil assembly 106 further includes the core
assembly 102 including a core window 102W and core column 102L
of a magnetically-permeable material. The core column 102L and
the core window 102W have side surfaces 102S. The side
surfaces 102S circumscribe the inner periphery of the core
window 102W.

[0066] The core-coil assembly 106 further includes
expandable sealing members 116a, 11l6e, 116g, and 116h and can
include 116c when there are more than one coil assemblies
(e.g., coil assemblies 106, 108) wherein each expandable
sealing members 116a, 116e, 116g, 116h, and 1l6c includes an
inner cavity 440 that is fillable or evacuatable. A first
representative example of an expandable sealing member 116g is
shown in FIG. 4A and 4B. The expandable sealing member 116g
can be made of a compliant material such as an elastomer
material. Suitable elastomer materials include nitrile,
fluorocarbon, ethylene propylene diene monomer rubber (EPDM),
butadiene rubber, silicone, neoprene, fluorosilicone,
hydrogenated nitrile butadiene rubber {(HNBR), thermoplastic
elastomer (TPE), and natural rubber. Other suitable flexible
materials can be used. The expandable sealing member 116g can
be molded in any suitable shape. For example, the expandable
sealing member 116g shown in FIG. 4A and 4B can include an
open end 441 and a closed end 442 and can be injection,
transfer or compression molded, for example. The expandable
sealing member 116g includes suitable dimensions that enable
sealing a respective gap between components of the transformer

assembly 100,
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[0067] In the case of the expandable sealing member 11l6g,
the gap to be sealed is a gap between the core column 102L and
the inner coil 112, wherein the gap extends along the length
of the inner coil 112. In a first embodiment configured to be
pressurized and expanded, the expandable sealing member 116g
includes a thickness dimension T that is slightly less than
the gap dimension of the gap to be sealed initially in a free
state. Application of a pressure to cavity 440 will expand the
dimension T and thus expand to seal the gap. The inner
dimension D of the cavity 440 and width W of the expandable
sealing member 116g are selected so that application of a
suitable pressure can causes expansion of dimension T. A
rectangular cross section is shown, but other cross-sectional
shapes could be used. For example, one or more of the surfaces
that seal can be formed to be non-planar, but instead can be
actuate by including a cylindrical arc signet along the length
L. In some embodiments, the side walls can be non-planar to
allow for preferential expansion along the place of the core
window 102W. The cavity 440 is shown as circular in cross-
section, however, other cross=sectional shapes can be used.
[0068] In the depicted embodiment of FIGs. 3B-3C, a core-
coll assembly 200 is shown. The core-coil assembly 200
includes a coil assembly (e.g., 106, 108, 110) each including
multiple coils (e.g., inner coil 112 and outer coil 114), each
of the multiple coils having an outer peripheral surface
(including surfaces 232, 234, 244, and 246 for inner coil 212
and including surfaces 236, 238, 248, and 250 for outer coil
214) . The core-coil assembly 200 further includes a core
assembly 102 (FIG. 3A) including one or more core windows 102W
formed therein. The core window 102W can be made up of two

core columns (core columns 102L and 102C defining left and
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right sides of the left core window 102W and core columns 120C
and 102R defining left and right sides of the right core
window 102W) and at least two core legs (e.g., core legs 102T
and 102B defining the top and bottom sides of the core windows
102W) all made of a magnetically-permeable material. The core
windows 102W comprise inner side surfaces 102S defining an
inner perimeter thereof.

[0069] Further, the core-coil assembly 200 includes
expandable sealing members (e.g., 116a-116n) each including an
inner cavity 440, that is fillable or evacuatable, inserted
between the outer peripheral surfaces of the multiple coils
(e.g., coils 212, 214) within the core window 102W and between
the multiple coils (e.g., coils 212, 214) and the inner side
surfaces 1025 of the core window 102W.

[0070] As is best shown in FIGs. 3B-3C, the expandable
sealing member 116g can be provided and seal between an inner
side surface 1028 of the core column 10ZL and an inner surface
232 of the inner coil 112. Likewise, expandable sealing
members 1163 and 116k, that can have a substantially same
configuration as expandable sealing member 1l6g, can be
provided to seal between the respective side surfaces 1025 of
the core column 102C and the inner surface 232 of the inner
coil 112 in the plane 115 of the core window 102W. Expandable
sealing member 116n can have a substantially same
configuration as expandable sealing member 116g and can be
provided to seal between a side surface 1025 of the core
column 102R and the inner surface 232 of the inner coil 112 in
the plane 115 of the core window 102W.

[0071] Similarly, expandable sealing members 116h, 1161,
1161, and 1llém, that can have a substantially same

configuration as expandable sealing member 116g, can be
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provided to seal between an outside surface 234 of the inner
coill 112 and the inside surface 236 of the outer coil 114 in
the plane 115 of the core window 102W.

[0072] In another sealing area, expandable sealing members
116¢c and 116d, that can have a substantially same
configuration as expandable sealing member 116g, can be
provided to seal between outer surfaces 238 of the outer coils
114 in the plane 115 of the core window 102W.

[0073] In additional sealing areas above and below the
inner coil 112 and outer coil 114, expandable sealing members
116a, 116b and 116e, 116f, that can have a configuration of
expandable sealing member 116a shown in FIGs. 4C - 4E, can be
provided. The expandable sealing members 116a, 116b, 11l6e,
116f are configured to seal between respective inner side
surfaces 102s of the core legs 102T, 102B forming core windows
102W and the upper surface 244 and lower surface 246 of the
inner coil 112 and upper surface 248 and lower surface 250 of
the outer coil 114 in the plane 115 of the core window 102W,
[0074] In the case of a single-phase transformer with only
one core window, a primary core column surrounded by a core
assembly, a return core column, and top and bottom core legs
interconnecting the primary core column and the return core
column, then an additional gap is sealed. In the single-phase
transformer case, 1) the gap between inner and outer coils 212,
214, 2) the gaps between the inner coil 112 and the primary
core column, 3) the gaps between the core legs and the top and
bottom of the coil assembly, and additionally 4) the gap
between the outer surface of the outer coil 214 and the inner
side surface of the return column, all within the plane of the

core window are sealed.
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[0075] The expandable sealing member 116a includes some of
the same features and construction as the previously-described
expandable sealing member 116g. However, 1in this embodiment,
the port at the open end 441 is eliminated and replaced with a
closed end 442 and a side port 452 on a non-sealing side of
the expandable sealing member 116a i1s provided. This
embodiment of expandable sealing member 116a may be blow
molded. Any suitable blow-moldable compliant material may be
used, such as TPE. In some embodiments, the side port 452 may
extend from a non-sealing side surface of the body of the
expandable sealing member 116a’ such as in FIG. 4E to allow
ease of access and connection. Optionally, the expandable
sealing member 116a may be formed by extruding and then
cutting to the length L, cutting the side port 452, and

filling the respective open ends 441 with a sealant or plugs.

[0076] As should be apparent, the two types of expandable

sealing members 116a, 116g can take the form of an expandable
tube having length L, width W, and thickness T. The as-molded
or as extruded dimension of the thickness T can be configured

to be less than the gap dimension G of the gap to be filled.

[0077] FIG. 5A illustrates a sealing assembly 500
comprising core-coil assembly components to be sealed; the
core-coil assembly components being provided in a spaced apart
relationship defining a gap of dimension G. The core-coil
assembly components to be sealed can be a core column such as
the core column 102L of the core assembly 102 and the inner

coil 112 shown.

[0078] Further, in some embodiments, the core-coil assembly
components to be sealed may be the inner coil 112 and the

outer coil 114 spaced apart to form a gap of dimension G. In
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some embodiments, the core-coil assembly components to be
sealed may be an outer coil 114 of one coil assembly 108 and
an outer coil 114 of another coil assembly (e.g., coil
assembly 106 or 110) that are spaced apart to form a gap of
dimension G. In another embodiment, the core-coil assembly
components to be sealed may be the inner coil 112 and the
outer coil 114 and the core assembly 102 wherein top surfaces
244, 248 of inner coil 112 and the outer coil 114 are spaced
apart from side surfaces 102S of the top core leg 102T above
the top surfaces 244, 248 to form a gap of dimension G.
Likewise, in another embodiment, the core-coil assembly
components to be sealed may be the inner coil 112 and the
outer coil 114 of the core assembly 102 wherein bottom
surfaces 246, 250 of inner coil 112 and the outer coil 114 are
spaced apart from side surfaces 102S of the bottom core leg
102B of the core assembly 102 below the bottom surfaces 246,

250 to form a gap of dimension G.

[0079] Further, the sealing assembly 500 includes an
expandable sealing member 116g occupying the gap, the
expandable sealing member 116a including an inner cavity 440
in all embodiments. Other gaps to be filled are filled by
expandable sealing members 116a-116f and 116h-11l6m.

[0080] Additionally, the sealing assembly 500 can include
an expander/contractor apparatus 554 comprising a port
connector 555 coupled to the cavity 440, such as by sealing to
a port. The port connector 555 can be a nipple of any suitable
size and shape to accomplish a sealed connection. For example,
an outer shape of the port connector 555 may include a conical
taper thereon or other suitable shape such that forceful
insertion into the port seals the port around the cutside of

the port connector 555. Optionally, the expander/contractor
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apparatus 554 can include a valve 557 and a quick disconnect
coupling 558 such that the pump 556 can be removed and used
with another expandable sealing member for sealing another gap.
[0081] The sealing assembly 500 can include optional
components for achieving the expansion of the expandable
sealing member. In some embodiments, a positive pressure pump
556 (FIG. B5A) is provided. In other embodiments, a vacuum pump
660 (see FIGs. 6A-6B). Referring to FIGs. LA-5C, the positive
pressure pump 556 is configured to pump a fill material 562
from a fill material supply 564 into the cavity 440 via
application of positive pressure. The fill material supply 564
is interconnected to the port connector 555 through valve 557.
[0082] This positive pressure from positive pressure pump
556 operates to expand and flex the expandable sealing member
116g in thickness having an unexpanded (as-molded) dimension
Tl into the gap of dimension G and thus seal the gap as shown
in FIG. 5B. The fill material 562 may then be cured into a
suitable solid or semi-solid materiazl. For example, the fill
material 562 may be any material that when cured under
pressure will retain a sealing force against the surfaces of
the core-coil components being sealed. For example, the fill
material 562 may be a curable polymer such as a curable
silicone material. For example, the fill material 562 may be a
room temperature curable two-part silicone, such as ELASTOSIL®
RT available from Wacker Chemie AG of Munchen, Germany, and
the like. After curing the port connector 555 can be removed
and a sealed core-coil assembly 500S is the result.

[0083] In the other case, the sealing assembly 600, 700 can
include a vacuum pump 660 as shown in FIG. 6 and FIGs. 7A-7G.
The vacuum pump 660 is configured to evacuate and contract the

cavity 440 of the expandable sealing member 116g’, and
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thereafter release the vacuum and expand the expandable
sealing member 116g’ into the gap of dimension G. Thus, in
this embodiment, the initial (as-molded) dimension T of the
expandable sealing member 1le6g’ is formed to be greater than
the gap dimension G initially. The evacuation reduces the
thickness T to a value Tl less than dimension G such that the
expandable sealing member 116g’ can easily be inserted into
the gap and position adjusted therein. Once properly
positioned in the plane of the core window 102W, the wvacuum
can be released and the expandable sealing member 116g’ can
flex and expand due to its inherent stored energy and is
sealed to the gap of dimension G.

[0084] As can be seen in FIG. 6, the sealing assembly 600
can includes an expander/contractor apparatus 654 including a
vacuum pump 660, a valve 657, and a port connector 655
configured to evacuate and contract the cavity 440 of the
expandable sealing member 1leog’. Port connector 655 can
comprise a T-connector coupled to the open end.
Expander/contractor apparatus 654 can also include a fill
assembly including a positive pressure pump 556, wvalve 557,
and a fill material supply 564.

[0085] Upon evacuation of cavity 440 and contraction of
thickness T to thickness Tl via operation of vacuum pump 660,
valve 657 is closed. Valve 557 is then opened and positive
pressure pump 556 operated to provide a fill material (not
shown in FIG. 6) to fill the cavity 440, which may be filled
under pressure to allow better sealing. Quick disconnect
couplings 558 may be used to decouple the vacuum pump 660 and
the positive pressure pump 556 so they can be used on another
gap fill operation at a different location. Like before, the

valves 557, 657 interconnected to the port connector 655 are
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both configured to be in a closed orientation after flowing a
fill material into the cavity 440. The fill material may then
be cured in place.
[0086] FIG. 7 illustrates an embodiment wherein the
expander/contractor apparatus 754 comprises a port connector
755, an integral wvalve 757 interconnected to a vacuum pump 660.
In this embodiment, after being evacuated by the
expander/contractor apparatus 754 such that the thickness T is
reduced to Tl dimension smaller than the gap dimension G, the
vacuum may be removed/shut off and the expandable sealing
member 1l16g’ allowed to expand to seal the gap. In some
embodiments, such as shown in FIG. 7B, the vacuum pump 660 may
be disconnected by using a gquick disconnect coupling 558.
Following this the valve 757 can be opened to expand the
expandable sealing member 1leg’.
[0087] Thus, it should be apparent that according to some
embodiments, a sealing assembly (e.g., sealing assembly 500,
600, 700) 1is provided. The sealing assembly includes core-coil
assembly components (e.g., one or more coils 212, 214 and core
assembly 102) provided in a spaced relationship defining a gap
(e.g., having a gap dimension G); an expandable sealing member
(e.g., one of expandable sealing members 116a-116n) occupying
the gap, the expandable sealing member including a cavity 440.
The sealing assembly (e.g., sealing assembly 500, 600, 700)
further including an expander/contractor apparatus (e.g.,
expander/contractor apparatus 554, 654, 754) comprising a port
connector (e.g., 555, 655, 755) coupled to the cavity 440, and
either:

a pump (e.g., positive pressure pump 556) configured to
punp a f£ill material (e.g., fill material 562) into the cavity

440 and expand the expandable sealing member into the gap, or
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a vacuum (e.g., vacuum pump 660) configured to evacuate
the cavity 440, when thereafter the vacuum is released to
expand the expandable sealing member into the gap.

[o088] As can be seen in FIG. 7D, in some embodiments, the
expandable sealing member 116g’ can be evacuated by a vacuum
punp 660 at a common location remote from the gap, the wvalve
757 closed and the quick disconnect coupling 558 disconnected
to leave only half 558A of the coupling quick disconnect
coupling 558. Thus, the expandable sealing member 116g’is now
mobile and can be moved into place as desired to seal the gap.
[0089] In some embodiments, the cavity 440 can remain
unfilled. Optionally, the cavity 440 can be filled with a
filler material 562 by inserting a fill implement 759 (e.g.,
tube) into the cavity 440 and filling from a canister 760 of
fill material 562. The fill implement 759 can be backed out of
the cavity 440 as filling is commenced. The end-filled
expandable sealing member 1l6g’ is shown in FIG. 7F filling
and sealing the gap. As another option, the end of the
expandable sealing member 116g’ can be plugged with a plug 762
comprising a compliant plug member or a plug of a sealant
material (e.g., silicone). Other suitable plugging techniques
may be used.

[0090] Various configurations and manufacturing methods can
be used for the expandable sealing members 116a-116n and 116g’.
For example, cross—-sectional shapes other than rectangular can
be used.

[0091] As shown in FIG. 8A-8D an embodiment of expandable
sealing member 816 i1s shown that includes a non-rectangular
cross section, and an extruded and plugged configuration. The
expandable sealing member 816 can be used for any of the

expandable sealing members 116a-116n and 116g’ that are
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vertically oriented. As shown, the expandable sealing member
816 includes an extruded body 816B formed by extruding the
compliant material (e.g., a TPE) and installing an end plug
862 therein. End plug 862 can be as described above. The
expandable sealing member 816 includes recessed sides that
allow the expandable sealing member 816 to expand and/or
contract preferentially in the thickness direction upon
application of pressure or vacuum. For example, a contracted
configuration is shown in FIG. 8D wherein application of a
vacuum contracts the thickness to a Tl dimension that is less
than T. In some embodiments, the port connector (e.g., port
connector 755 may include an elongated configuration rather
than a cone to allow each of contraction.

[0092] As shown in FIG. 9A-9D an embodiment of expandable
sealing member 9216 is shown that includes a non-rectangular
cross section, and a blow-molded configuration. The expandable
sealing member 916 can be used for any of the expandable
sealing members 116a-116m and 116g’ that are vertically
oriented. As shown, the expandable sealing member 916 includes
a blow molded body 916B formed by blow molding a compliant
material (e.g., a TPE) in a mold to form the complex body 216B
and port therein. Other cross sectional shapes are possible,
but thinner side walls allow for preferential direction of
contraction as shown in FIG. 9E.

[0093] Other configurations can be implemented wherein the
port is provided on a non-sealing side of the expandable
sealing member. For example, the f£fill port can be cut on a
non-sealing side of the extruded body 816B and the other end
can also be plugged. In an alternative to the expandable
sealing member 916, the port can be blow molded on a side,

such as shown in FIGs. 4C-4E. In some embodiments, the
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expandable sealing members can include a sealant on the
sealing end faces to aid in making a permanent seal and
minimizing movement of the expandable sealing member in the
gap. Other suitable configurations of the expandable sealing
member are possible provided they can be expanded or
contracted, or both.

[0094] In a broad aspect, a core-coil assembly 100 is
provided. The core-coil assembly 100 includes a coil assembly
including multiple coils (e.g., inner coils 112 which can be
low voltage coils and outer coils 114 that can be high-voltage
outer coils), each of the multipls colls having an outer
peripheral surface (made up of the inner surface, outer
surface, upper surface, and lower surface). The core-coil
assembly 100 further includes a core assembly 102 including
one or more core windows 102W and at least one core column of
a magnetically-permeable material, the core window 102 having
inner side surfaces. In practice, a return path for the
magnetic circuit is used, and is usually another core column.
In the depicted embodiment, three core columns (core columns
1021, 102C, 102R) are included. In the single phase
transformer case, only two core columns can be used.

[0095] The core-coil assembly 100 includes expandable
sealing members (e.g., like expandable sealing members 116a-
116n, and 116g’). At least some, and preferably each of the
expandable sealing members (e.g., expandable sealing members
116a-116n and 116g’) include a cavity 440 that is fillable or
evacuatable. The expandable sealing members are inserted
between the outer peripheral surfaces of the multiple coils
(e.g., between inner coil 112 and outer coil 114) within the
core window 102W and between the multiple coils and the inner

side surfaces 1025 of the core window 102W (e.g., between ends
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of inner and outer coils 112, 114 and the top and bottom core
legs 102T, 102B, and between the inner coils 112 and the core
column (e.g., core column 102L, 102C, 102R).

[0096] In some embodiments, a method 1000 is provided for
sealing a gap between components of a core-coil assembly 200,
such as in a dry-type transformer. The method 1000 includes,
in 1002, providing a core assembly (e.g., core assembly 102)
having a core window (e.g., core window 102W and in some
embodiments, multiple core windows 102W), and in 1004,
providing a coll assembly (e.g., coil assembly 106, 108,
and/or 110), a portion of which, resides in the core window
102W. The method 100 further includes, in 1006, providing an
expandable sealing member (e.g., in practice multiple
expandable sealing members 116a-116n, 116g’) including an
inner cavity (e.g., inner cavity 440) in a gap (of dimension G)
in the core window 102W that is unoccupied by the coil
assembly. The method 1000 further includes, in 1008,
increasing a volume of the inner cavity 440 to expand an
outside dimension (T or Tl) of the expandable sealing member
to seal the gap. In one embodiment, the dimension (T) is
expanded by increasing the pressure in the cavity 440 during a
fill operation to f£ill the gap of dimension G. In another
embodiment, increasing the volume of the inner cavity 440 to
expand an outside dimension (T1) of the expandable sealing
member comprises releasing a vacuum in the inner cavity 440
thereby expanding the dimension to fill the gap of dimension G.
[0097] While the present disclosure is described primarily
with regard to submersible 3-phase dry-type transformers, it
will be understood that the disclosed expandable sealing

members and assemblies may also be employed with other types
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of transformers (e.g., single-phase transformers) or cocil

assemblies.

[0098] The foregoing description discloses only example
embodiments. Modifications of the above-disclosed apparatus,
assemblies, and methods which fall within the scope of this
disclosure will be readily apparent to those of ordinary skill
in the art. For example, although the examples discussed above
are illustrated for dry-type transformers, other embodiments
in accordance with this disclosure can be implemented for
other devices. This disclosure i1s not intended to limit the
invention to the particular apparatus, assemblies and/or
methods disclosed, but, to the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling

within the scope of the claims.
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CLAIMS:
1. A core-coil assembly of a dry-type transformer,
comprising:

a coil assembly having an inner coil with an inner
surface, an outer surface, an upper surface, and a lower
surface, and an outer coil with an inner surface, an outer
surface, an upper surface, and a lower surface;

a core assembly including a core window and a core column
of a magnetically-permeable material, the core column and the
core window having inner side surfaces; and

an expandable sealing member including an inner cavity
that is fillable or evacuatable provided between:

one or more inner side surfaces of the core column
and an inner surface of the inner coil,

the outer surface of the inner coil and the inner
surface of the outer coil, and

between the upper surface and lower surface of the
inner coil and the outer coil and the inner side surfaces

of the core window.

2. The core-coil assembly of claim 1, wherein the

expandable sealing member comprises an expandable tube.
3. The core-coil assembly of claim 1, wherein the
expandable sealing member comprises an open end and a closed

end.

4. The core-coil assembly of claim 1, wherein the cavity

is filled with a curable polymer.
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5. The core-coil assembly of claim 4, wherein the

curable polymer comprises silicone.

6. The core-coil assembly of claim 3, comprising a T-

connector coupled to the open end.

7. The core-coil assembly of claim 1, wherein the
expandable sealing member including the cavity 1is provided
between the inner side surface of the core column and the inner

surface of the inner coil.

8. The core-coil assembly of claim 1, wherein the
expandable sealing member including the cavity is provided
between the outer surface of the inner coil and the inner

surface of the outer coil.

9. The core-coil assembly of claim 1 wherein the
expandable sealing member including the cavity is provided
between the top surfaces of the inner coil and outer coil and

the inner side surface of the core window.

10. The core-coil assembly of claim 1 wherein the
expandable sealing member including the cavity is provided
between the bottom surfaces of the inner coil and the outer

coil and the inner side surface of the core window.

11. The core-coil assembly of claim 1 wherein the
expandable sealing member including the cavity is provided
between the outer surface of the outer coil and an outer

surface of another outer coil.
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12. The core-coil assembly of claim 1 wherein the
expandable sealing member including the cavity 1is provided to
seal between inner side surfaces of a second core window of the
core assembly and surfaces of a second coil assembly and also

between surfaces of the second coil assembly.

13. A core-coil assembly, comprising:

a coil assembly including multiple coils, each of the
multiple coils having outer peripheral surfaces;

a core assembly including a core window and at least one
core column of a magnetically-permeable material, the core
window having inner side surfaces; and

expandable sealing members each including an inner cavity
that is fillable or evacuatable, the expandable sealing members
inserted between:

the outer peripheral surfaces of the multiple coils
within the core window, and
the multiple coils and the inner side surfaces of the

core window.

14. A sealing assembly, comprising:

core-coil assembly components provided in a spaced
relationship defining a gap:;

an expandable sealing member configured to occupy the gap,
the expandable sealing member including a cavity;

an expander/contractor apparatus comprising a port
connector coupled to the cavity, and

either:
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a pump configured to pump a fill material into the
cavity and expand the expandable sealing member into the gap,
or

a vacuum configured to evacuate the cavity, so that
when the vacuum is released the expandable sealing member

expands into the gap.

15. The sealing assembly of claim 14, further comprising
a valve interconnected to the port connector and configured to

close after flowing a fill material into the cavity.

16. The sealing assembly of claim 14, further comprising

a fill material supply interconnected to the port connector.

17. A core-coil assembly, comprising:

a core column;

a first coil received about the core column and
forming a gap; and

an expandable sealing member including a cavity

sealing the gap between the core column and the first coil.

18. The core-coil assembly of claim 17 wherein the
expandable sealing member is expandable by application of a
pressure to the cavity or contractible by application of vacuum

to the cavity.
19. The core-coil assembly of claim 17 further comprising

a second coil surrounding the first coil and providing another

gap between the first coil and the second coil, and another
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expandable sealing member including a cavity sealing the gap

between the first coil and the second coil.

20. The core-coil assembly of claim 19 further comprising
another expandable sealing member provided between the inner
side surface of a core window and an end surface of the first
coil and the second coil, the expandable sealing member

including an inner cavity.

21. A core-coil assembly, comprising:

a core assembly of a magnetically-permeable material
having a core window with an inner side surface;

a coil assembly, a portion of which resides in the core
window, the coil assembly including an end surface; and

an expandable sealing member provided between the inner
side surface of the core window and the end surface of the coil
assembly, the expandable sealing member including an inner

cavity.

22. A method of sealing a core-coil assembly, comprising:

providing a core assembly having a core window;

providing a coil assembly, a portion of which resides in
the core window;

providing expandable sealing member including an inner
cavity in a gap in the core window that is unoccupied by the
coil assembly; and

increasing the volume of the inner cavity to expand an

outside dimension of the expandable sealing member to seal the

gap.
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