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69 High voltage transformer and method.

@ A high voltage transformer includes a gas permeable crepe
paper envelope (15, 27) wrapped around the transformer
windings (58, 7, 21). The windings and crepe paper envelope
are encapsulated in a gas impermeable material (31) using
standard resin casting techniques and then impregnated with
gaseous SFg (35) which is a self-healing dielectric gas. The
crepe paper envelope prevents the resin coating material from
penetrating the windings, thus allowing better diffusion and
contact of the dielectric gas with the windings.
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HIGH VOLTAGE TRANSFORMER AND METHOD

Background of the Invention

Field of the Inwvention

The present invention relates to electrical transformers and,
more particularly, to an arrangement for encapsulating and
inpregnating the electrical windings of a transformer with a
dielectric gas.

Description of the Prior Art

Electrical transformers came in a wide variety of styles and
wltage ratings. One type of transformer is used to convert
medium-to-high voltages (e.g. several hundred to sewveral thousam
wlts) carried by electrical transmission lines to relatively low
voltages (e.g. a few hundred wolts) for distribution to customers or

for powering equipment.
Because of the high voltages present on the windings of such a

transformer, micro-arcing may occur between the windings or other
surrounding materials which can cause short circuits and early
failure of the transformer. '

One solution to this problem of micro-arcing has involved the
use of a so-called "self healing" dielectric gas, such as sulfur
hexafluoride (SFg) which is used to impregnate the winaings of the
transformer. Such a gas has the property of rapidly recombining
together even in the presence of an electrical arc that would
otherwise tend to disassociate the molecules of the gas. This
action of the gas acts to "quench" any such arcs before damage
occurs to the cransformer windings or other surrourding materials,

It has been the practice to encapsulate such transformers oy
applying a resin molding conpound directly to th'e:exterior portions
of the electrical windings. The dielectric gas is then introduced
into the spaces between the resin encapsulation material and the
windings by means of a vacuum impregnation technique.
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However, the foregoing arrangement has a serious disadvantage in
that the resin encapsulation material, which is in direct contact
with the transformer windings, can form voids or small sealed
pockets around the windings into which the dielectric gas cannot

‘reach. It has been found that these voids or pockets are sources of

failure due to partial electrical discharges and arcing occurring
between windings through these voids.

Summary of the Invention

It is a general object of the present invention to provide an
improved electrical transformer or other electrical device having
electrical windings and to provide a method of manufacture of said
device.

This and other objects are attained, in accordance with one
aspect of the invention by an electrical device having at least one
set of electrical windings comprising at least one layer of a gas
permeable and electrically insulating material disposed around the
electrical windings; at least one layer of a gas impermeable ard
electrically insulating material disposed around the gas permeable
material; and a dielectric gas disposed between the electrical
windings and the gas inpermeable layer and impregnating the gas
permeable layer and electrical windings.

Another aspect of the invention includes a method of insulating
an electrical device having at least one set of electrical windings
comprising the steps of: (a) wrapping at least one layer of a gas
permeable and electrically insulating material about the electrical
windings; (b) forming at least one layer of a gas impermeable and
electrically insulating material about the gas permeable material;
and (c) impregnating the gas permeable layer ana the windings with a
dielectric gas.
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Brief Description of the Drawing Figures

These and other features and advantages of the present invention
will be apparent from the following detailed description of the
preferred embodiment, when taken in conjunction with the appended
drawing figures wherein:

Figure 1 is a cut-away perspective view of the secondary of a
transformer constructed in accordance with the principles of the
present invention prior to encapsulation; and

Figure 2 is a cut-away perspective view of a finisheq,
ercapsulated transformer formed in accordance with the prirciples of
the present invention.

Detailed Description of the Preferred Embodiment

Figure 1 shows the secondary windings and associated components
of a voltage transformer which is constructed in accordance with the
principles of the present invention. Secondary windings unit 1
comprises a generally rectangular coil form 3 formmed from an
insulator, such as cardboard or plastic, about which is wound first
and second windings 5 and 7, separated by a spacer 9, formed from
paper. Windings 5 and 7 are formed from a continuous length of
electrically conductive material, such as wire, and are connected to
external devices (not shown) through secondary terminals 1l and 13.

As shown in Figure 1, a layer of a thin, flexible, gas permeable
and electrically insulating material 15, such as crepe paper, is
wrapped arourd at least a portion of secondary windings 5 and 7.
While in Figure 1 the gas permeable material is shown as only
covering a portion of the secondary windings, it will be understood
that gas permeable material 15 may be wrapped so as to completely
cover the exposed surfaces of windirgs 5 and 7.
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Preferably, the gas permeable material used is an electrical
grade crepe paper. Such a material has a dielectric strength in the
range of 150 wvolts per mil thickness and a low ash content.
Electrical grade crepe paper is preferred since it is inherently
flexible and stretchable and thus will conform to any irregularities
in the surface of the electrical windings and around any angles or
bends that these windings make. The thickness and/or number of
layers of the gas permeable material is empirically selected in
accordance with the assumed meximum voltage which might be applied
to the transformer windings. That is, the higher the voltage the
transformer will be tested at, the thicker the crepe paper amna/or
the greater the number of layers employed. ‘

It should also be noted that, at least for a lower wltage (e.g.
15 kilowlts or less) transformer, the gas permeable material is not
spirally wound about the electrical windings, but rather is applied
as a single piece which does not substantially overlap itself at any
given point. This reduces the weight and bulk of the gas permeable
material used, as campared to prior art arrangements where such
material is wound about the secondaries in a spiral fashion. At
higher voltages (e.g. above 15 kilovolts) one or more of the layers
of gas permeable material may be wrapped and/or spirally wound about
the transformer windings to increase tne resultant dielectric
strength of the wrapping.

A barrier 17 is disposed around the campleted secondary windings
unit. Barrier 17 is formed from an insulating material, such as
kraft paper and serves to insulate the secondary windings unit from
the primary windings which are subseqguently formed around the
secondary windings unit.

As shown in Figure 2, the primary windings unit 19 camprises a
series of concentric electrical windings 21 wound about secordary
windings unit 1. Primary windings 21 are connected to external
devices throuwgh primary terminals 23 and 25.
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A layer of'gas permeable material 27, such as crepe paper, is
wrapped about primary wimlirgs 21 in a fashion identical to that ot
the secondary windings unit 1. A layer of static shielding material
29, formed from a conductive or semiconductive material, such as
copper mesh or metallized paper or plastic, is wound about the
exterior of the primary windings unit 19.

After the secondary and primary windings units have been wrapped
with the gas permeable material and assembled together as shown in
Figure 2, a layer of a gas impermeable, moldable material is formed
around the assembled secondary and primary windings units 1 and 19.
Preferably, the gas inpermeable material is an epoxy resin. This
enables the assembled transformer to be encapsulated in a simple
one-step resin casting process. Of course, other well~known types
of plastic molding campourds could be used.

Prior to encapsulation with gas inpermeable material 31, a

ore-way Sealable valve 33 is arranged as shown in Figure 2 so as to
enable the introduction of a dielectric gas 35 into the interior of

the encapsulated transformer. The dielectric gas preferably 1is
sulfur hexafluoride (SFg) or diatomic nitrogen (N5) . Nitrogen may
be used in transformers rated for up to 15 Kilovolts, while sulfur
hexafluoride may be used in transformers having higher and lower
voltage ratirgs.

A particular advantage of such dielectric gases, and especially
sulfur hexafluoride, is that they are "self-healing", i.e. even if
disassociated due to the presence of an electrical arc, they quickly
recombine and act to quench the arc and thereby prevent damage from
occurring to the windings or adjacent structures. Such gases also
have the advantage of having a higher dielectric strength than a
vacuum or air. In particular, sulfur hexafluoride can have a
dielectric strergth of up to 10 times that of air and be
approximately 100 times as effective as air in quenching an arc.

The gaseous dielectric 35, which is drawn into the interior of
the encapsulated transformer using a vacuum impregnation technique,
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diffuses through the gas permeable protective layers 15 and 27 and
through and around the primary and secordary windings 21, 5 and 7.
The use of a gas permeable material, such as crepe paper, as a
protective layer around the primary and secondary windings insures
that the gas impermeable material which encapsulates the transformer
will not penetrate between the primary or secordary windings, and
thereby prevents the fonnapion of voids or air pockets in the gas
impermeable material which heretofore have been known sources of
failure, due to arcing between the windings through such voids.

The campleted transformer includes a magnetic core unit 37, as
shown in dashed outline in Figure 2.

Transformers constructed in accordance with the principles of
the present invention show significantly better partial discharge
characteristics (i.e. resistance to arcing between windings and
associated components) than those not using a gas permeable

protective layer. This results in a transformer which is less
likely to fail under high applied woltages.

while the present invention has been described in considerable
detail, it will be understood that various changes and modifications
will occur to those skilled in the art. Thus while the present
invention has been‘described with respect to the construction of a
voltage transformer, the principles disclosed herein may be used
with other types of transformers, such as current transformers, and
for other types of devices using electrical windings, such as
solenoids. Accordingly, the foregoing description of the preferred
embodiment of the inwention is intended to be merely illustrative,
but not limitive, of the invention as defined by the claims.
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What is claimed is:

1. 2An electrical device having at least one set of electrical
windings characterized by:

at least one layer of a gas permeable and electrically
insulating material disposed around the electrical windings;

at least one layer of a gas impermeable and electrically
insulating material disposed around the gas permeable material; and

a dielectric gas disposed between the electrical windings and
the gas impermeable layer and impregnating the gas permeable layer
and electrical windings.

2. The device of claim 1 characterized in that the gas
permeable material is an electrical grade crepe paper.

3. The device of claim 1 or 2 characterized in that at least
one layer of the gas permeable material does not substantially
overlap itself.

4. The device of claim 1, 2 or 3 characterized in that the gas
impermeable material is a moldable material.

5. The device of claim 4 characterized in that the moldable
material is an epoxy resin.

6. The device of any previous claim characterized by a
sealable valve means disposed in the gas impermeadle layer for
introduwcing the dielectric gas into contact with the gas permeable
material and e€lectrical windings.

7. The device of any previous claim characterized in that the
dielectric gas is diatamic nitrogen (Nz) .
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8. The device of any previous claim characterized in that the
dielectric gas is sulfur hexaflucride (SE‘G) .

9. The device of any previous claim characterized in that the
device is a transformer.

10. A method of insulating an electrical device having at least
one set of electrical windings characterized by the steps of:

(a) wrapping at least one layer of a gas permeable amd
electrically insulating material about the electrical windings;

(b) forming at least one layer of a gas impermeable and
electrically insulating material about the gas permeable material;
and

(c) impregnating the gas permeable layer and the windings with
a dielectric gas.

11. The method of claim 10 characterized in that the gas
permeable material is an electrical grade crepe paper.

12, The method of claim 10 or 1l characterized in that the gas
permeable material is wound so that it does not substantially
overlap itself.

13, The method of claim 10, 11 or 12 characterized in tnat the
gas impermeable layer is formea from a moldable material and is
molded about the gas permeable layer to form a cowvering thereover.

14. The method of any one of claims 10-13 characterizeda in that
the moldable material is an epaxy resin.

15, The method of any one of claims 10-14 characterized by the
step of arranging sealable valve means in the gas impermeable layer
to facilitate introduction of the dielectric gas into contact with
the gas permeable layer and the electrical windirgs.
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16. The method of any one of claims 10-15 characterized in that
the dielectric gas is diatamic nitrogen (No) .

17. The method of any one of claims 10-15 characterized in that
the dielectric gas is sulfur hexafluoride (&-“6) .
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