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(57)  An electrical device (100) having a housing
(101), a core (102) positioned inside the housing (101),
at least one winding element (103), at least one bushing
(104), and a conductor (105A), is provided. The winding
element (103) partially surrounds the core (102). The
bushing (104) is positioned at least partially inside the
housing (101) and adjacentto the winding element (103).
The conductor (105A) is positioned inside the housing
(101) and connecting the winding element (103) to the
bushing (104). The winding element (103) and the bush-
ing (104) are positioned with respect to one another, so
as to create an equipotential voltage field (301) there
between, during operation of the electrical device (100).
The conductor (105A) is positioned such that itis accom-
modated within the equipotential voltage field (301),
thereby, experiencing low stresses and decreasing insu-
lation (105B and 105C) required to be positioned thereon.

IMPROVED LEAD EXIT ARRANGEMENT IN AN ELECTRICAL DEVICE

FIG 3B
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Description

[0001] The present invention relates to an electrical
device having a housing, a core, at least one winding
element surrounding parts of the core, at least one bush-
ing positioned adjacent to the winding element, and a
conductor.

[0002] Such an electrical device is known to a person
skilled in the art. Such a commonly known electrical de-
vice is, for example, a high voltage power transformer or
a reactor.

[0003] FIG 1A llustrates a sectional view of an active
part of an electrical device 100, of the state of the art, as
mentioned above. The electrical device 100 comprises
atank 101 housing a core 102 positioned therein. Awind-
ing element 103 partially surrounds the core 102. A bush-
ing 104 is positioned partially inside the tank 101 and
adjacent to the winding element 103. The electrical de-
vice 100 also comprises a lead exit 105 positioned inside
the tank 101. The lead exit 105 is a current carrying con-
nection from a winding element 103 to another winding
element 103, or to a tap changer, or to exit terminals, that
is, bushings 104. In order to withstand operational con-
ditions, lead exits 105 are required to be properly insu-
lated, supported and cooled.

[0004] FIG 1B illustrates an enlarged view of a portion
ofthe electrical device 100, marked "X"in FIG 1A showing
the lead exit 105 of the state of the art. Typically, a lead
exit 105 comprises a conductor 105A carrying current
there within. The conductor 105A is typically covered in
insulation 105B such as cellulose based insulating ma-
terial. This insulation 105B is further covered by one or
more insulating barriers 105C. The insulating barriers
105C are separated by oil gaps there between. The in-
sulating barriers 105C increase dielectric strength of the
oil gaps by separating them into smaller channels. Quan-
tity of these insulating barriers 105C and distances there
between, are dependent on a dielectric stress exerted
on the conductor 105A and its surrounding areas, during
operation of the electrical device 100. The dielectric
stress is a function of parameters comprising voltage,
geometry of the conductor 105A, positioning of the con-
ductor 105A, insulating materials used, distance of the
conductor 105A with respect to surrounding elements
such as the tank 101, the bushing 104, the winding ele-
ment 103, etc.

[0005] FIG 2 illustrates a sectional view of the state of
the art electrical device 100, illustrated in FIG 1A, show-
ing a contour plot 201 of various voltage fields created
between the winding element 103 and the bushing 104
during operation of the electrical device 100. The contour
plot 201 is represented without considering the lead exit
105 positioned between the winding element 103 and
the bushing 104. A voltage field 201A around a mid-por-
tion 103A of the winding element 103 and a voltage field
201B around a lower end 104A of the bushing 104, are
both high voltage fields. A voltage field 201C of the con-
tour plot 201, around the high voltage fields 201A and
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201B is at a voltage lower than that of the voltage fields
201A and 201B. A voltage field 201D of the contour plot
201, represented by contour lines farther away from the
contour lines representing the voltage field 201C, is ata
lowest voltage compared to that of the voltage fields
201A, 201B, and 201C. Each of the contour lines of the
contour plot 201 are illustrated by dotted lines, the con-
tinuity of which decreases as a function of voltage that
the contour lines represent, that is, an increase in dis-
continuity of the contour lines of the contour plot 201 in-
dicates a gradual decrease in the voltages of the voltage
fields 201A, 201B, 201C, and 201D. Typically, a conduc-
tor 105A illustrated in FIGS 1A-1B, when placed in the
voltage fields 201A, 201B, 201C, and 201D having var-
ying voltages therein, experiences high levels of dielec-
tric stress as opposed to a conductor 105A positioned in
a voltage field having a uniform voltage. When the die-
lectric stress is high, higher is the quantity of insulation
barriers 105C required to be mounted on the conductor
105A in order to withstand the operational conditions.
Moreover, costs of the lead exits 105 typically increase
with the quantity of insulation barriers 105C employed
as aresult of material costs, associated component costs
such as oil gap spacers, etc., and associated labour costs
of installing the insulation barriers 105C.

[0006] Therefore,itis anobjectofthe presentinvention
to provide an electrical device of the aforementioned kind
that reduces costs associated with insulation barriers for
lead exits without compromising operating efficiency
and/or safety of operating the electrical device.

[0007] The electrical device disclosed in the present
invention achieves the aforementioned object, in that the
winding element and the bushing are positioned with re-
spect to one another, so as to create an equipotential
voltage field there between during operation of the elec-
trical device.

[0008] According to the presentinvention, an electrical
device having a housing, a core positioned inside the
housing, at least one winding element, at least one bush-
ing, and a conductor is provided. The housing, for exam-
ple, refers to a tank of a high voltage transformer. The
winding element partially surrounds the core. The bush-
ing is positioned at least partially inside the housing and
adjacentto the winding element. As used herein, the term
"adjacent" refers to geometric proximity of the bushing
with respect to the winding element.

[0009] In accordance with the present invention, the
winding element and the bushing are positioned with re-
spect to one another so as to create an equipotential
voltage field there between during operation of the elec-
trical device. As used herein, the term "operation" refers
to all normal and abnormal operating conditions, for ex-
ample, testing of the electrical device. Also used herein,
"equipotential voltage field" refers to a region in space
having a uniform potential spread across the region. For
example, when a voltage measurement probe is posi-
tioned at various points along such an electric field, the
voltage measured at each of the points is nearly equal.
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Advantageously, the equipotential field encompasses an
area surrounding the winding element, an area surround-
ing the bushing, and an area there between, such that
the electric field has a continuous uniform potential there
within. In accordance with the present invention, the
winding element is positioned along a first axis and the
bushing is positioned along a second axis such that the
first axis and the second axis have a predefined angle of
inclination there between. In a preferred embodiment,
the second axis, along which the bushing is positioned,
is inclined with respect to the first axis, along which the
winding element is positioned. That is, the first axis is
aligned vertically and the second axis is aligned at an
inclination with respect to the vertical. In a preferred em-
bodiment according to the present invention, the prede-
fined angle of inclination between the first axis and the
second axis is in a range of about 5 degrees to about 30
degrees. Advantageously, the bushing is positioned
along the second axis such that a lower end of the bush-
ing is in close proximity with a mid-portion of the winding
element so as to create the equipotential field. According
to the present invention, a distance between the lower
end of the bushing and the mid-portion of the winding
elements is in a range of about 300mm to about 800mm.
According to the present invention, a voltage between
the bushing and the winding element, that is, in the equi-
potential field, is equal to a voltage at the bushing and/or
a voltage at the winding element. As used herein, the
term "equal" is not to be limited to mathematical equality
but extended to a range of variation of the voltage be-
tween the bushing and the winding element with respect
to the voltages at the bushing and/or the winding ele-
ments. This range is about 0% to about -20%. The volt-
ages at the bushing, at the winding element, and in the
equipotential field, are based on an operational rating of
the electrical device, for example, a voltage range of
200kV to 1200kV, for high voltage transformers and re-
actors.

[0010] The conductor is positioned inside the housing
and connects the winding element to the bushing. In ac-
cordance with the present invention, the conductor pro-
vides a current carrying path between the winding ele-
ment and another conductor enclosed in the bushing.
Advantageously, the conductor is positioned between
the bushing and the winding element such that the con-
ductor is accommodated within the equipotential voltage
field. As the conductor is accommodated within the equi-
potential voltage field, the conductor experiences low di-
electric stress. According to an embodiment of the
presentinvention, the conductor is entirely accommodat-
ed within the equipotential voltage field. According to an-
otherembodiment of the presentinvention, the conductor
is near completely accommodated within the equipoten-
tial voltage field.

[0011] The conductor is configured of a developed
length lesser than or equal to about 1000 mm. The con-
ductor is configured to have a first insulating element
positioned thereon. The first insulating element is con-
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figured to cover the conductor surface, for example, by
wrapping it, tightly winding it, etc., over the conductor. A
thickness of the first insulating element lies in a range of
about 0 mm to about 20 mm. The conductor is configured
to have subsequentinsulating barriers positioned around
the first insulating element. The subsequent insulating
barriers are positioned such that there is a predefined
gap there between for allowing oil to be stored therein.
Spacers may be employed to maintain these oil gaps in
the subsequent insulating barriers. The first insulating
element and the subsequent insulating barriers are con-
figured of cellulose based materials. The first insulating
element and the subsequent insulating barriers are con-
figured based on one or more stresses that the conductor
experiences in the equipotential voltage field. For exam-
ple, a thickness of the first insulating element, a number
of the subsequent insulating barriers, a thickness of each
of the subsequent insulating barriers, gaps between the
subsequent insulating barriers, etc., is configured based
on the stresses.

[0012] The stresses comprise, for example, dielectric
stress. According to a preferred embodiment, the stress-
es and thereby the number of subsequent insulating bar-
riers is a function of the variation of the voltage between
the bushing and the winding element with respect to the
voltages at the bushing and the winding element. For
example, when the voltage variation is more than about
20%, the stresses increase, thereby increasing the
number of subsequent insulating barriers. When the di-
electric stress is below a design threshold, for example,
4.5kV/mm, the number of subsequent insulating barriers
required is 0. Advantageously, a number, of the subse-
quent insulating barriers, is in a range of about 0 to 2.
[0013] In accordance with this invention, also dis-
closed is a method for assembling the aforementioned
electrical device comprising a housing, a core, at least
one winding element, at least one bushing, and a con-
ductor. The method comprises positioning the bushing
along afirst axis and the winding element along a second
axis such that the first axis and the second axis have a
predefined angle of inclination there between and so as
to create an equipotential voltage field there between,
during operation of the electrical device. The method
comprises positioning the conductor between the bush-
ing and the winding element such that the conductor is
accommodated within the equipotential voltage field. The
method comprises, determining one or more stresses
exerted on the conductor in the equipotential voltage field
and configuring afirstinsulating element to be positioned
on the conductor, and subsequent insulating barriers to
be positioned on the first insulating element, based on
the stresses.

[0014] The above-mentioned and other features of the
invention will now be addressed with reference to the
accompanying drawings of the present invention. The
illustrated embodiments are intended to illustrate, but not
limit the invention.

[0015] The presentinventionis further described here-
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inafter with reference to illustrated embodiments shown
in the accompanying drawings, in which:

FIG 1A illustrates a sectional view of an active part of
an electrical device of the state of the art.
FIG 1B illustrates an enlarged view of a portion of the
electrical device, marked "X" in FIG 1A show-
ing a lead exit of the state of the art.

FIG 2 illustrates a sectional view of the state of the
artelectrical deviceillustrated in FIG 1A show-
ing electric fields created between the winding
element and the bushing during operation of
the electrical device.

FIG 3A llustrates an active part of a transformer as
an embodiment of an electrical device, ac-
cording to the present invention, having a
housing, a core, atleast one winding element,
at least one bushing, and a conductor.

FIG 3B illustrates an enlarged view of a portion of the
electrical device, marked "Y" in FIG 3A show-
ing an equipotential voltage field created be-
tween the winding element and the bushing
and accommodating a conductor therewithin,
according to the present invention.

FIG 3C illustrates an enlarged view of a lead exit of
an electrical device shown in FIG 3A, accord-
ing to the present invention.

FIG 4 illustrates a process flowchart of an exempla-
ry method of assembling the electrical device
shown in FIG 3A, in accordance with an em-
bodiment of the present invention.

[0016] Various embodiments are described with refer-
ence to the drawings, wherein like reference numerals
are used to refer to like elements throughout. In the fol-
lowing description, for the purpose of explanation, nu-
merous specific details are set forth in order to provide
thorough understanding of one or more embodiments. It
may be evident that such embodiments may be practiced
without these specific details.

[0017] FIG 3Aillustrates an active part of a transformer
as an embodiment of an electrical device 100, according
to the present invention. The active part of the electrical
device 100 comprises a housing 101, a core 102, at least
one winding element 103, at least one bushing 104, and
alead exit 105 providing a current carrying path between
the winding element 103 and the bushing 104. FIG 3B
illustrates an enlarged view of a portion of the electrical
device 100, marked "Y" in FIG 3A showing an equipo-
tential voltage field 301 created between the winding el-
ement 103 and the bushing 104 and accommodating a
conductor 105A therewithin, according to the present in-
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vention. As shown in FIG 3B, the equipotential field 301
is represented by contour lines 301A, 301B, 301C, and
301D each representing a different voltage in the equi-
potential voltage field. The contour line 301A represents
auniform equipotential voltage field of the highest voltage
compared to that represented by the contour line 301D.
The equipotential field 301 is created by arranging the
bushing 104 and the winding element 103 in close prox-
imity with one another. As shown in FIG 3B, the bushing
is aligned along the axis A-A’ and the winding element
is aligned along the axis B-B’, such that the axes A-A’
and B-B’ converge at a predefined angle of inclination a,
such that, there is an equipotential field 301 created be-
tween a mid-portion 103A of the winding element 103
and a lower end 104A of the bushing 104, while main-
taining clearances there between as per standard design
practices. The lead exit 105 is positioned such that it is
entirely accommodated in the equipotential voltage field
301.

[0018] FIG 3C illustrates an enlarged view of a lead
exit 105 of an electrical device 100 shown in FIG 3A,
according to the presentinvention. The lead exit 105 that
is entirely positioned within the equipotential field 301
shown in FIG 3B, experiences negligible dielectric stress
due to which insulation requirements of the lead exit 105
decrease substantially, thereby eliminating need of sub-
sequent insulating barriers 105C, shown in FIG 1B. As
shownin FIG 3C, the lead exit 105 comprises a conductor
105A having afirstinsulating element 105B of a thickness
approximately less than 20mm. This insulation in the lead
exit 105 is sufficient to maintain the dielectric stresses
on an outermost surface of the lead exit 105, within a
design limit, for example, of 4.5kV/mm.

[0019] FIG 4 illustrates a process flowchart 400 of an
exemplary method of assembling the electrical device
100 shown in FIG 3A, in accordance with an embodiment
of the present invention. The electrical device 100 com-
prises a housing 101, a core 102, at least one winding
element 103, at least one bushing 104, and a lead exit
105 as shown in FIG 3A. At step 401, the method com-
prises positioning the bushing 104, along a first axis A-
A’, and the winding element 103, along a second axis B-
B’, such that, a lower end 104A of the bushing 104 is
positioned proximal to a mid-portion 103A of the winding
element 103. This positioning is such that the first axis
A-A’ and the second axis B-B’ have a predefined angle
of inclination o there between so as to create an equipo-
tential voltage field 301 there between, as shown in FIG
3B, during operation of the electrical device 100.
[0020] At step 402, the method comprises positioning
the lead exit 105 comprising a conductor 105A, between
the bushing 104 and the winding element 103 such that
the conductor 105A is accommodated within the equipo-
tential voltage field 301. At step 403, the method com-
prises determining one or more stresses exerted on the
conductor 105A positioned in the equipotential voltage
field 301. For example, using electrostatic field calcula-
tions, dielectric stresses exerted on the conductor 105A



7 EP 3 514 810 A1 8

are measured. At step 404, the method comprises con-
figuring a first insulating element 105B to be positioned
on the conductor 105A, and subsequent insulating bar-
riers 105C to be positioned around the first insulating
element 105B, based on the one or more stresses. For
example, the method comprises comparing the dielectric
stress with its design limit of 4.5kV/mm. If the dielectric
stress is less than 4.5kV/mm then the first insulating el-
ement 105B of a thickness less than 20mm is configured
and there is no requirement to position any subsequent
insulating barriers 105C. Thus, due to creation of equi-
potential voltage field 301, in electrical devices 100 such
as transformers and reactors, rated at about 400kV to
about 1200kV, the subsequent insulating barriers 105C
required range from about 0 to 2, with a thickness of the
firstinsulating element ranging from about Omm to about
20mm.

[0021] The foregoing examples have been provided
merely for the purpose of explanation and are in no way
to be construed as limiting of the present invention dis-
closed herein. While the invention has been described
with reference to various embodiments, it is understood
that the words, which have been used herein, are words
of description and illustration, rather than words of limi-
tation. Further, although the invention has been de-
scribed herein with reference to particular means, mate-
rials, and embodiments, the invention is not intended to
be limited to the particulars disclosed herein; rather, the
invention extends to all functionally equivalent structures,
methods and uses, such as are within the scope of the
appended claims. Those skilled in the art, having the ben-
efit of the teachings of this specification, may affect nu-
merous modifications thereto and changes may be made
without departing from the scope and spirit of the inven-
tion in its aspects.

List of reference numerals

[0022]
100 electrical device
101 housing/tank
102 core
103 winding element
103A mid-portion of the winding element
104 bushing
104A lower end of the bushing
105 lead exit

105A conductor
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105B first insulating element

105C subsequent insulating elements
201 contour plot

201A, 201B, 201C, 201D voltage fields
301 equipotential voltage field

301A,301B, 301C, 301D contour lines (representing
a different voltage in the equipotential voltage field)

Claims
1. An electrical device (100) having

- a housing (101);

- a core (102) positioned inside the housing
(101);

- atleast one winding element (103) partially sur-
rounding the core (102);

- at least one bushing (104) positioned at least
partially inside the housing (101), and adjacent
to the winding element (103);

- a conductor (105A) positioned inside the hous-
ing (101), and connecting the winding element
(103) to the bushing (104); characterized in
that:

- the winding element (103) and the bushing
(104) are positioned with respect to one another,
so as to create an equipotential voltage field
(301) there between during operation of the
electrical device (100).

2. The electrical device (100) according to claim 1,

wherein the conductor (105A) is positioned between
the bushing (104) and the winding element (103)
such that the conductor (105A) is accommodated
within the equipotential voltage field (301).

3. The electrical device (100) according to any one of
the claims 1 and 2, wherein the bushing (104) is po-
sitioned along a first axis A-A’ and the winding ele-
ment (103) is positioned along a second axis B-B’,
and wherein the first axis A-A’ and the second axis
B-B’ have a predefined angle of inclination o there
between, and wherein the predefined angle of incli-
nation o is in a range of about 5 degrees to about
30 degrees.

4. The electrical device (100) according to any one of

the claims 1, 2, and 3, wherein a distance between
the bushing (104) and the winding element (103) is
in a range of 300mm to 800mm and a voltage be-
tween the bushing (104) and the winding element
(103) is equal to one or more of a voltage at the
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bushing (104) and a voltage at the winding element
(103).

5. The electrical device (100) according to any one of
the claims 1 and 2, wherein the conductor (105A) is 5
configured of a developed length lesser than about
1000 mm.

6. The electrical device (100) according to any one of
the claims 1, 2 and 5, wherein the conductor (105A) 170
is configured to have afirstinsulating element (105B)
positioned thereon, and wherein a thickness of the
firstinsulating element (105B) lies in a range of about
0 mm to about 20 mm.

15
7. The electrical device (100) according to the claim 6,
wherein the conductor (105A) is configured to have
subsequent insulating barriers (105C) positioned
around the first insulating element (105B).
20

8. The electrical device (100) according to the claim 7,
wherein the first insulating element (105B) and the
subsequent insulating barriers (105C), are config-
ured based on one or more stresses experienced by
the conductor (105A) in the equipotential voltage 25
field (301), and wherein a number of the subsequent
insulating barriers (105C) is in a range of 0 to 2.

9. A method for assembling an electrical device (100)
of claims 1-7 having a housing (101), a core (102), 30
atleastone winding element (103), atleast one bush-
ing (104), and a conductor (105A) of the electrical
device (100), the method comprising:

- positioning the bushing (104) along a first axis 35
A-A’ and the winding element (103) along a sec-

ond axis B-B’ such that the first axis A-A’ and

the second axis B-B’ have a predefined angle

of inclination o. there between, and so as to cre-

ate an equipotential voltage field (301) there be- 40
tween, during operation of the electrical device
(100); and

- positioning the conductor (105A) between the
bushing (104) and the winding element (103)
such that the conductor (105A) is accommodat- 45
ed within the equipotential voltage field (301) .

10. The method according to claim 9, further comprising

- determining one or more stresses exerted on 50
the conductor (105A) positioned in the equipo-
tential voltage field (301);

- configuring a first insulating element (105B) to

be positioned on the conductor (105A), and sub-
sequent insulating barriers (105C) to be posi- 55
tioned around the first insulating element
(105B), based on the one or more stresses.
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