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This invention relates in general to electrical inductive
apparatus, such as transformers, and more particularly to
winding and insulation structures for such apparatus.

The physical size of high voltage electrical inductive
apparatus, such as instrument transformers, is determined
largely by insulation requirements rather than the volt-
ampere rating of the apparatus. Considerable size re-
duction in instrument transformers immersed in a dielec-
tric fluid, such as oil, has been accomplished by using a
solid insulation comprising fibrous insulating material,
such as crepe paper. The barrier action of the fibrous
insulating material allows a substantial reduction in the
major insulation. Further advantages are obtained when
high voltage inductive apparatus, such as potential trans-
formers, utilize the solid insulation and are comstructed
with a single pyramidal type high voltage coil. Surge
voltage distribution in a pyramidal type primary coil
with continuously narrowing width of winding layers is
excellent. The initial and final voltage distributions across
a pyramidal type coil nearly coincide, indicating an ab-
sence of harmful oscillations and making it possible to
reduce insulating material necessary in other types of coil
designs to meet special surge voltage characteristics.

However, even with the above reductions in major in-
sulations, still further reductions of major insulation could
be made if the potential stress surrounding the high volt-
age coil could be reduced. Still further reductions in
major insulation could be achieved if the initial and final
voltage distributions for the transformer as a whole would
coincide. Also, a large portion of the weight and cost in
a high voltage inductive apparatus is in the weather casing
or bushing for the primary lead. Condenser type bush-
ings produce linear voltage distribution along their outer
surfaces, but for reasons of excessive length and high
cost, it is highly advantageous to use simple bulk type
bushings and utilize other means for obtaining longitudinal
stress control along the high voltage bushing. Some prior
art designs use a potential grading system similar to that
of a condenser bushing, except the step-located concentric
shields are incorporated in the primary lead insulation
rather than in the bushing itself. This method, however,
has disadvantages in that considerable skill and accuracy
is required on the part of the manufacturing personnel
who insulate the leads. In addition, the primary lead in-
sulation has to be made relatively thick and with a large
plurality of shields in order to reduce the voltage steps
and edge effect on shield ends. Too great a voltage be-
tween adjacent shields results in corona on the sharp edges
of the shields. Tt is, therefore, desirable to provide an
improved winding and insulation arrangement that will
provide favorable initial and final voltage distribution and
stress control along the high voltage bushing, as well as
radial stress control on coil corners, without the disad-
vantages of the hereinbefore mentioned systems of volt-
age distribution. It is also desirable that the improved
winding and insulation arrangement incorporate pyram-
idal type primary coils and bulk type bushings, thus re-
sulting in electrical inductive apparatus having not only
reduced insulation thickness but reduced critical voltage
gradients as well.

Accordingly, it is the general object of this invention to
provide a new and improved winding and insulation struc-
ture for electrical inductive apparatus, such as ftrans-
formers.
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Another object is to provide a new and improved shield-
ing arrangement for the high voltage winding of a trans-
former.

A more specific object of this invention is to provide a
new and improved high voltage instrument transformer,
such as a potential transformer, which has substantially
linear voltage distribution along the high voltage bushing.

A still further object of this invention is to provide a
new and improved high voltage potential transformer that
has reduced potential gradient adjacent the high voltage
coil and static shield.

A further object of this invention is to provide a new
and improved high voltage potential transformer that has
an initial and final voltage distribution that are substan-
tially the same.

Briefly, the present invention accomplishes the above
cited objects by providing a properly designed and located
intermediate shield that interposes and divides the pyram-
idal type primary coil of the inductive apparatus into two
sections. More specifically, the intermediate shield is
connected to a portion of the high voltage coil, fixing the
potential of the intermediate shield at some point between
the primary voltage applied to the transformer and
ground or zero potential. The intermediate shield is
interjacent the inner and outer shields and located rela-
tive to the inner and outer shields in such a manner that
the intershield capacitances provide surge and final volt-
age distributions that are substantially the same. Fur-
ther, the intermediate shield considerably reduces crifical
gradients in the inductive apparatus and provides favor-
able voltage distribution along the high voltage bushing
and radially to the high voltage coil.

Further objects and advantages of this invention will
become apparent as the following description proceeds and
features of novelty which characterize the invention will
be pointed out in particuarity in the claims annexed to and
forming a part of this specification.

For a better understanding of the invention, reference
may be had to the accompanying drawings, in which:

FIGURE 1 is a front elevational view, partly in section,
of a transformer constructed in accordance with the teach-
ings of this invention;

FIG. 2 is a side elevational view, partly in section, of the
transformer shown in FIG. 1;

FIG. 3 is a front elevational view partly in section of
a static shield that may be used in the transformer shown
in FIGS. 1 and 2;

FIG. 4 is a diagrammatic representation of the shield-
ing arrangement utilized in the transformer shown in
FIGS. 1 and 2; and

FIG. 5 is a diagrammatic representation of the effec-
tive capacitive relationships which exist in the shielding
arrangement illustrated in FIG. 4.

Referring now to the drawings and FIGS. 1 and 2 in
particular, there is illustrated a high voltage potential
transformer 16 constructed in accordance with the teach-
ings of this invention. The transformer 19 includes a
coil and core assembly which comprises the primary or
high voltage winding (2 and the secondary or low volt-
age winding 14, all disposed in an inductive relationship
with the magnetic core 16, which may be of any conven-
tional type. The high voltage winding is divided into
sections 12A and 12B by intermediate shield 28, which
will be described in greater detail hereinafter. Lead 22
from high voltage coil 12 extends radially outward and
upward and is attached by soldering, or other suitable
means, to terminal 21 on metallic cap 24. Primary ter-
minal 26, which is also suitably attached to metallic cap
24, may be connected to a high voltage circuit whose
potential is to be measured. The high and low voltage
windings 12 and 14, along with magnetic core 16 are suit-
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ably disposed within a casing or tank 28, The lead 22
from the high voltage winding 12 is enclosed in a lead
tube 3¢ and lead tube 30 is in turn enclosed in a suitable
hollow cylindrical or tubular bushing or weather housing
32 whose central opening is tapered in cross-sectional
area along ifs vertical axis, The casing 28 and bushing
32 are filled with a suitable fluid dielectric, such as an in-
sulating oil. Metallic cap 24 is a conventional expan-
sion cap suitably disposed at the top of bushing 32 to
allow for expansion and contraction of the dielectric
finid provided inside casing 28 and bushing 32.

The bushing 32 is supported by and secured to the
cover 34 of casing 28 in any suitable manner, such as by
flange member 36 and flange member 38, which may be
formed integrally with the top 34 of casing 28, as shown
in FIGS. 1 and 2. The flange member 36 may be se-
cured to the flange 38 and top 34 by any suitable means,
such as bolts or a welded connection, similar to the con-
struction disclosed in greater detail in U.S. Patent 2,508,-
184 which is assigned to the same assignee as the present
application. Terminals 39 are low voltage terminals con-
nected to the secondary winding 14.

More specifically, the high voltage winding 12 is pyram-
idal in shape or has continuously narrowing width of
winding layers and is inductively disposed on a portion
of magnetic core 16. The pyramidal type coil has very
favorable voltage distribution characteristics and s less
costly to construct, insulate, and shield than the multi-
coil designs sometimes used. The low voltage winding 14
is disposed inside the high voltage winding 12 and is sub-
stantially concentric with it. In order to insulate the
high voltage winding 12 from the low voltage winding 14
and from the grounded portions of the transformer 10,
solid insulation 49 is disopsed to substantially surround
the high voltage winding 12 and to provide the necessary
insulation between the high voltage winding 12 and the
low voltage winding #4. The solid insulation 40 may
be any suitable insulating material, such as crepe paper,
in sheet or tape form, which is either taped, wrapped or
folded around the high voltage winding 12 and between
the high voltage winding 12 and the low voltage wind-
ing 14,

In order to provide a duct or channel through which
finid dielectric may flow vestically either in an upward
or downward direction for reasons which will be ex-
plained hereinafter, the tubular or hollow cylindrical in-
sulating member 30, formed of a phenolic laminate or
other suitable insulating material, is disposed in this in-
stance around lead 22 between the high voltage winding
and the upper portion of said lead, inside bushing 32.
The lower end of insulating member 30 is suitably at-
tached to hollew static ring 42B, which wiil be described
in detail hereinafter.

In order to additionally electrically insulate the high
voltage lead 22 from the grounded portions of the trans-
former 10, solid insulation 14¢ is disposed to substan-
tially surround the major vertical portion of said lead.
The solid insulation 140 may be similar to the solid in-
sulation 48 disposed around the high voltage winding 12,
and may be crepe paper in flexible sheet form which is
taped, wrapped, or folded around the lead 22. The thick-
ness of the sclid insulation 149 is generally tapered from
a maximum value at the lower portion of the lead 22 to a
minimum value near the upper portion of said lead.

The entire golid insulation structure may be oil im-
pregnated, using high vacuum techniques. The absence
of oil ducts in the solid insulation substantially elimi-
nates or reduces the possibility of voids or pockets in the
solid insulation surrounding the high voltage winding
12 and lead 22, which would otherwise be filled with 2
dielectric fluid having a lower specific inductive capacity
than the associated solid insulation. The presence of
such veids or pockets in areas of high dielectric stress is
particularly undesirable at higher operating potentials,
and may eventually lead to an insulation failure or
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breakdown in the solid imsulation surrounding the high
voltage winding and its leads. This is due to the fact that
voltage is distributed between two media in a manner
inversely proportional to the capacitance of the two ma-
terials. Since the capacitance of the materials is directly
proportional to their dielectric cosstants, the voltage dis-
tribution is greatly affected by the dielectric constants of
the two materials, Therefore, an oil pocket, with a di-
electric constant of approximately 2 would be subjected
to more than its normal share of voltage where the di-
electric constant of the surrounding oil impregnated crepe
paper insulation is 4. In addition, the breakdown
strength of oil is lower than that of the solid insulation.

In order to reduce the concentration of dielectric stress
in the solid insulation 48 surrounding the high voltage
winding 12, particularly adjacent to the outer ends or
corners of said high voltage winding, and in the solid in-
sulation 149 surrounding the lead 22, the inner shielding
member 42 having upper and lower portions 42A and
42B, respectively, is disposed to substantially surrcund
the high voltage winding 32 and the major porticn of
lead 22. The inner shielding member 42 also substan-
tially eliminates any potential siress which the fluid di-
eleciric might be subjected to in the channel or duct
formed by the tubular insulating member 39 surrounding
the lead 22, as previously described. The lower portion
42B of the inner shielding member 42, sometimes called
a static ring, has several basic functions. It serves as a
shield with rounded edges, it has an opening to the tu-
bular insulating member 3% and acts as an inner cooling
duct, and it protects the high voltage coil 12 mechanically
and forms a rigid base to which the insulating member
3¢ can be attached. }

FIG. 3 shows the static ring portion of the inner shield
42 in greater detail. The static ring 428 is comprised of
an outer tubular member 56, formed of pressboard, lami-
nated plastic, or other suitable insulating material, hav-
ing an opening 52 over which the insulating member 3¢
is suitably disposed. If pressboard is used, the meeting
ends may be folded to form a base to which the insulating
member 3¢ may be attached by means of flexible insulat-
ing material in the form of tape.

An inner tubular member 54 is disposed concentrically
within the outer tubular member 59 and may be con-
structed of the same material as said ouier member. The
inner member 54, however, has no opening or folded
ends.

The inner and culer members 54 and 50, respectively,
are concentrically located and held in place by spacing
members 56 and 58, which may be corrugated presshoard
strips fastened to said inner and outer members by ce-
menting, or other suitable means. Spacing members 68
and 62 are similar to spacing members 56 and 58, except
members 60 and 62 are short pieces or strips so that di-
electric fluid may flow {reely along the length of the
static shield 42B.

Rounding means 64 and 66, located on both ends of
the tubular assembly, partially between the inner and
outer tubular members 54 and 5@, respectively, may be
formed of materials such as rope or metal tubing. If
metal tubing is used it may function as the sensing por-
tion of a capillary thermometer mounted on top of bush-
ing 32, thus allowing the high veliage coil temperature to
be monitored visually.

The static shield 42B is completed by disposing a
shielding member around the entire static ring assembly.
More specifically, a conducting or semiconducting tape
is so disposed as to cover the entire assembly, inside as
well as out. In particular, the shielding member 78 covers
the rounded ends of the static ring 42B formed by mem-
bers 64 and 66, The shielding member portion 78 of
static ring 42B is formed by tightly winding a flexible
conducting matetial having a layer of electrically insulat-
ing material secured thereto, such as: crepe paper backed
metallic foil in the form of tape, around and through the:



3,173,115

.
&

static shield 42B. The circumferential ends of the lower

portion 42B of the inner shield 42 are preferably over-

lapped, but with a gap which is filled with solid insula-

tion 4@ to prevent a short circuited turn around the mag-

netic core 16.

Referring again to FIGS. 1 and 2, the upper portion
42A of inner shield 42 may be formed by tightly winding
a flexible conducting material having a layer of insula-
tion secured thereto, such as crepe paper backed metailic
foil, in the form of a sheet or tape, substantially around
the tubular insulating member 30 prior to the assembly
of the solid insulation 148. The upper and lower por-
tions 42A and 42B, respectively, of the inner shielding
member 42 are elecirically connected to one another to
form a continuous conducting path throughout the shield-
ing member 42 which will limit the potential difference
between the different portions thereof to a mnegligible
value so that there is no interruption in the shielding
effect between the upper and lower portions of the shield-
ing member 42.

The upper end of the inner shielding member 42 is elec-
trically connected to the terminal 21 by the flexible con-
ducting lead 8@ in order that the shielding member 42
provides a substantially equipotential surface around the
high voltage winding 12 and high voltage lead 22, which
is at substantially the same potential as the outermost
layer of the high voltage winding 12, to thereby sub-
stantially eliminate any potential stress to which any finid
dielectric inside said shielding member is subjected. It
should be noted that the fluid dielectric uses the upper
and lower portions of the inner shield 42 as ducts or chan-
nels. Fluid flow is accomplished by the counterfiow
method, wherein heated fiuid rises up through the insulat-
ing member 3¢ and cooler fluid flows down said insulat-
ing member.

It is to be understood that although a separate lead 22
is shown connected from the high voltage coil 12 {o ter-
minal 21, the high voltage coil 12 could just as effectively
be connected to the metallic portion of the inner shield
at the lower end of insulating member 36. Then, the only
connection to terminal 21 would be a flexible lead 36
from the metallic shield at the upper end of insulating
member 30 to terminal 21, The shield around insulating
member 3¢ may effectively be utilized as the high voltage
lead because of the small currents involved.

In order to reduce the concentration of dielectric stress
in the solid insulation 140 which surrounds lead 22 ad-
jacent to the grounded portions of the casing 28 through
which said lead passes, and to substantially eliminate any
potential stress to which the flnid dielectric is subjected
inside the casing 28 and in the lower portion of the central
opening of the bushings 32, the outer shielding member
90 is disposed to substantially surrcund the high voltage
winding 22 and its associated solid insulation 48, as well
as the lower portion of lead 22 and the solid insulation
149 which is disposed around said leads.

The outer shielding member 90 is formed by winding
around and through the central opening of the high
voitage winding 12 a flexible conducting material having
a layer of insulation secured thereto for mechanical pur-
poses, after the solid insulation 40 has been assembled
around the high voltage winding 12 and by winding the
same type of flexible sheet material snugly and tightly
around the outer surface of a solid insulation 140 after
the latter insulation has been assembled around the lead
22. The upper portion of outer shield 99 is embedded
in the solid insulation 148 which surrounds the lead 22
and the upper end of shield 98 is folded back on itself,
as indicated at 92, to form a stress collar and reduce
the concentration of dielectric stress in the adjacent solid
insulation 348 and fluid dielectric.

The outer shield 9¢ may be formed of materials such
as aluminum foil backed crepe paper or carbon backed
crepe paper. When carbon backed crepe paper is used,
its higher resistivity makes it possible to allow the shield
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to form a complete circuit around the core leg that carries
the high and low voltage coils 12 and 14. When metal
backed crepe paper is used, it is necessary to include
a gap in the shielding, in order to prevent a short circuited
turn around the magnetic core 6. Carbon backed crepe
paper has other advantages over metal backed crepe pa-
per, in that wrinkles and sharp edges are not as detri-
metal when using carbon backed paper as opposed to
metallic type shields. Also, the higher resistance of
carbon has a potential grading effect because the displace-
ment current due to stress concentration causes a voltage
drop along the semiconducting layer. This phenomenon
is well known and utilized in condenser bushings and
windings of high voltage generators. It is also known
that due to so called “surface activity,” an insulation with
a semiconducting electrode, such as carbon, in the highest
stressed boundary has higher dielectric strength than a
system with metallic electrodes only.

The outer shielding member 90 forms a continuous
conducting surface or electrode having a cylindrical con-
figuration around the high voltage winding %2 and a
generally hollow cylindrical shape around the lower por-
tion of lead 22. The outer shielding member 9§ is main-
tained at ground or zero potential by electrically connect-
ing said shielding member by a flexible conducting lead
as indicated at 94 in FIG. 1 to the casing 28, or any other
grounded portion of the transformer 10.

The outer shilding member 99 is disposed in substantial-
ly concentric relation with the inner shielding member
42, and similar to the latter shielding member, the outer
shielding member 98 forms a continuous, substantially
equipotential surface around the outer surface of the solid
insulation 40 and the outer surface of the lower portion
of the solid insulation 140. The flexible shielding ma-
terial from which the outer shielding member 9§ is
formed permits said shielding member to closely follow
the contour or cuter surface of the solid insulation 40
and prevents the occurrence or voids or pockets which
would otherwise be filled with the associated fluid dielec-
tric and which would be subject to possible insulation
failure or breakdown.

In order to reduce the radial stresses on the static
shield 42B and the high voltage coil 12, and produce a
favorable voltage distribution longitudinally along the
bushing 32, an intermediate shielding member 20, having
upper and lower portions 28A and 20B, respectively, is
disposed to substantially surround the high voltage wind-
ing 12 and the lower portion of the lead 22. In addition
to surrounding the high voltage coil 12, the intermediate
shield 2@ interposes the high voltage ceil 12, dividing
said high voltage coil into two portions or sections, 12A
and 12B. It is to be noted that the outer surface of the
lower portion 268 of intermediate shield 20 is embedded
in the solid insulation 40. The inner surface of said
lower portion of intermediate shielding member 26 inter-
poses and separates the high voltage winding 12 into inner
and outer portions designed as 12B and 12A, respectively.
The upper portion 20A of intermediate shielding member
20 is embedded in the scolid insulation 140 which sur-
rounds lead 22. The upper and lower portions 20A and
28B of the intermediate shielding member 26 may be
formed in a manner similar to the outer shiclding member
990, as previously described, by winding a flexible conduct-
ing or semiconducting material having a layer of insulation
secured thereto, such as crepe paper with metallic foil or
carbon attached to it, in the form of a tape or sheet,
around and innterposing the high voltage winding 12,
after approximately half the solid insulation 4@ has been
assembled around the high voltage winding and around
the lower portion of the lead 22 after approximately half
the solid insulation 146 has been assembled around said
lead. The intermediate shielding member 20B includes
a gap if a metallic shield is used in order to prevent a
short circuited turn around the magnetic core 16. As
previously explained, no gap is necessary if a semicon-
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ducting shield, such as carbon, is used. The upper end
of the upper portion 28A of the intermediate shielding
member 2§ is folded back on itself as indicated at 26 to
form a stress collar and thereby increase the effective
radius of curvature of the upper end of said shielding
member and reduce the concentration of dielectric stress
in the adiacent solid insulation 14¢ and fluid dielectric
below the corona level.

The upper and lower portions 26A and 2838, respective-
ly, of the intermediate shielding member 29 are elec-
trically connected with one another or former from the
same flexible conducting material to provide a continuous,
substantially equipotential surface around the high volt-
age winding ¥2 and the lower portion of iead 22. Sim-
ilar to the outer shielding member 99, the intermediate
shielding member 28 forms a generally cylindrical elec-
trode surface around the high voltage winding 12 and
also a generally cylindrical electrode surface around the
lower portion of lead 22 in substantially concentric or
parallel relation with the inner shielding member 42 and
the ocuter shielding member €. Unlike the cuter shield-
ing member 98, however, the intermediate shielding mem-
ber 29 does not compleLely encircle the high voitage coil
through the central portion of the coil opening. The
intermediate shielding member interposes the high voli-
age coil 12 at some intermediate point, dividing said high
voltage coil into portions ¥2A and ¥12B. The potential
of the intermediate shielding member 20 is fixed to a
suitable value by connecting said intermediate shielding
member to that point in the high voltage coil 12 having
the desired inductively fixed alternating potential. The
potential of the intermediate shield is fixed to a value
between the potential applied to the transformer primary
terminal 26 and ground or zero potential, with the value
usually being between 35 and 70 percent of the applied
potential. Locating the intermediate shield 28 in this
manner, interposing and dividing the high voltage coil
12 into two portions 1ZA and 12B, reduces appreciably
the maximum voltage gradients on the static shield 42B
by moving the intermediate shielding member 26 radially
away from the location where the corresponding equi-
potential surface would be located in the absence of
said intermediate shield. By reducing the critical voltage
gradients on the static shield 42B, the intermediate shield-
ing member 28 makes possible a marked reduction in
major insulation and improves the corona characteristics
of the transformer 18. Also, the reduction in insulation
makes heat transfer less of a problem and more efficient
cooling is obtained, even when using a smaller volume
of fiuid dielectric. A further advantage of the 1ntelmedlate
shielding member 2§, as will be explained in greater
detail hereinafter, is the more favorable voltage distribu-
tiont obtained longitudinally along the bushing 32. This
more linear voltage distribution along the bushing 32
also contributes to a reduction in the amount of fluid
dielectric and major insulation required.

While the easiest manner of fixing the voltage of the
intermediate shield 28 to the desired value is to actually
make a physical connection from the appropriate portion
of the high voltage coil 12 to the intermediate shielding
member 29, it will be appreciated that the desired poten-
tial at the intermediate shielding member 20 could also
be obtained without any physical connections. The
desired potential at the intermediate shielding member
20 could be obtained by proper arrangement of the shield-
ing members 26, 42 and 99 with respect to each other
and with respect to the grounded portions of irans-
former 18.

The infermediate shielding member 28 not only reduces
critical high stress areas on the static shield 42B, but
also allows the capacitance of the transformer to be ad-
justed to a value that substantially eliminates harmful
transient cscillations that cccur upon applying a high
voltage to a transformer. Once current is flowing through
a transformer, the voltage distribution is determined in-
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ductively or by magnetic coupling and may be designed
tc be substantially uniform. The initial voltage distribu-
tion, upon application cf the high voltage to the frans-
formel may be entirely different from the final distri-
bution, however, becauss initial voltage distribution is
determined entirely electrostatically, or by the capacitances
of the coils and turns to each other and to the various
shields, The greater the deviation of the initial voltage
distribution from the final voltage distribution, the greater
the harmful transient voltage oscillations produced as the
voliage distribution changes from capactive voltage dis-
tribution to inductive voltage distribution. Therefore, it
is essential that the transformer be designed to provide
substantially similar initial and final voltage distribution
curves. The intermediate shield makes it possible to
¢btain an initial voltage distribution that is substantially
similar to the final voliage distribution. For example,
if the intermediate shield 29 is designed for fifty percent
potential, then in addition to the proper comnmection to
the corresponding point in the coil, the intermediate
shielding member must be placed so that the total
capacitance between the inner shielding member 42 and
the intermediate shielding member 29 equals the capaci-
tance between the intermediate shielding member 26 and
the outer shiclding member 99 and other grounded por-
tions of the transformer 19. For potentials other than
56% at the intermediate shield, it is only necessary to
design the shields so that the total capacitances between
shields are inversely proportional to the potential differ-
ences under normal operating conditions.

More specifically, FIG. 4 illustrating diagrammatically
the shiclding members 26, 42 and 90 and the associated
effective capacitances and inductances which exist between
the different portions thereof as well as the effective
capacitances which exist between the shielding members
26 and 42 and the grounded portions of the transformer
16. The effective capacitance between the lower portion
42B of shielding member 42 and the lower portion of
the intermediate shielding member 20B is indicated at
Cio. The effective capacitance which exists bstween the
lower portion 20B of intermediate shielding member 20
and the lower portion of outer shielding member 98
is indicated at Cyc. The effective capacitance between the
upper portion 42A of the inper shielding member 42
and the upper portion 28A of intermediate shielding
member 28 is indicated at Cypp. The effective capacitance
between the upper portion 20A of intermediate shielding
member 20 and the portion of outer shielding member
8% is indicated at Cyp. The effective capacitance between
the upper portion 42A of inner shielding member 42 and
other grounded portions of transformer 1 is indicated
at Cyg. The effective capacitance which exists between
the upper portion 28A of intermediate shielding member
29 and other grounded portions of the transformer 19
is indicated at Cyg. The latter capacitive relationships
which exist between the shielding members 28, 42 and 98
and between certain of said shielding members and the
grounded portions of transformer 1® are indicated by
the equivalent schematic diagram shown in FIG. 3.
It is well known that if a plurality of capacitors are con-
nected in series and a potential applied to the series cir-
cuit, the potential will divide or distribute itself across
the respective capacitors inverssly in accordance with the

capacitance value of said capacitors. By providing an
intermediate shielding member 20 having its respective
portions disposed at an intermediate radial point in the
solid insulation 14¢ which surrounds the lead 22, and in
the solid insulation 49 disposed around the high voltage
winding 12 and interleaving the high voltage winding
12 and by varying the effective capacitances between
various portions of the shielding members 28, 42 and
98, the potential at the radial point in the solid insula-
tion 48 at which the mtermedme shielding member 268
is disposed can be increased to a value above that which
would otherwise exist in the absence of the intermediate
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shielding member 20. Therefore, the maximum potential
gradient which exists at the outer corners of the high volt~
age winding 12 adjacent to the inner shielding member
or static shield 428 in the solid insulation can be reduced,
permitting an important reduction in the amount of thick-
ness of the solid insulation 4¢ required around the high
voltage winding 12 and between the high voltage winding
12 and the low voltage winding 14.

The intermediate shielding member 28 also produces
substantial reduction in the insulation 140 surrounding
lead 22 and the length and size of bushing 32 by enabling
the proper capacitances to be established between shield-
ing members and between shielding members and the
grounded portions of transformer 10, and thus obtaining
a favorable longitudinal voltage distribution along
bushing 32.

Referring to FIG. 5 and assuming C;=Cyp+C1o and
Co=Coap-+Caq, the voltage distribution is determined by
the relationship E;/FEy=Cs/C;. If the design is based
on equal voltages on both sides of the intermediate shield-
ing member 28, C; would equal C,. Otherwise, different
capacitive relationships would exist. To obtain the desired
capacitance relationships, it may be necessary to increase
the total capacitance between the inner shielding member
42 and the intermediate shielding member 28. The total
capacitance between the inner shielding member 42 and
the intermediate shielding member 28 may be increased
by moving the upper portion 20A of the intermediate
shielding member 20 radially inward towards the upper
portion 42A of inner shield 42, or by axially extending the
length of the intermediate shielding member 2¢ in an
upward direction. In addition to designing the capacitive
relationships between shielding members and between
shielding members and ground to provide substantially
linear voltage distribution along the bushing 32, said
capacitive relationships are designed so that under impulse
conditions the favorable voltage distribution is not dis-
turbed. Flux mapping technigues may be used to deter-
mine the effective capacitance of the windings upon initial
application of the high voltage to the iransformer.

In summary, the effect of the intermediate shielding
member in 2 winding and insulation structure as disclosed
is threefold. First, the intermediate shielding member
38 reduces the maximum potential gradient which would
otherwise exist at the surface of the inner shielding mem-
ber 42B at the oufer corners of the high voltage wind-
ing 12 and increases the potential gradient in the portions
of the solid insulation 49 which are radially removed
from the outer corners of the high voltage winding 12.
It is important to mote that it is possible to reduce the
maximum potential gradient in the manger disclosed by
moving the upper pertion 20A of the intermediate shield-
ing member 29 radially inward toward the upper portion
42 A of the inner shielding member 42, since the effective
radius of curvature of the inner shielding member 42,
which is at substantially the same potential as the high
voltage winding 12, is much greater than the effective
radius of curvature at the outer corners of the high voltage
winding 12 at the surface of the lower portion 42B
of the inner shielding member 42, although it is possible
to alternatively extend the axial dimension of the upper
portion 28A of the intermediate shielding member 20
in an upward direction to obtain the desired increase
in total capacitance between the inner shielding member
20 and the cuter shielding member 9§ in a particular
application and to obtain the desired potential relation-
ship between the respective shielding members. The
intermediate shielding member 26 thus permits a sub-
stantial reduction in the amount of thickness of solid
insulation required arcund the high voliage winding 12
and substantially improves the space factor of the trans-
former 10, since the required size of the magnetic core
is correspondingly reduced as well as the physical weight
and size of the overall transformer 18. Second, further
reduction in insulation and high voltage bushing weight
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and size is attributed to the intermediate shielding mem-
ber 28 in that proper placement of said intermediate shield-
ing member more uniformly distributes the voltage longi-
tudinally along said bushing. This eliminates the require-
ment for condenser type bushings or step-concentric shields
as hereinbefore described. Third, the requirement for ex-
cessive insulation to prevent insulation failure from surges
and voltage oscillations due to initial application of the
voltage to the transformer is eliminated. The intermediate
shielding member 26 makes it possible to obtain capaci-
tive relationships that produce an initial voltage distri-
bution substantially similar to the final voltage distribu-
tion. Thus, there are substantially no harmful voltage
oscillations as the voltage changes from capacitive or
initial to inductive or final distribution.

It is to be understood that in certain applications,
additional intermediate shielding members may be em-
ployed to improve the potential gradient in certain por-
tions of the solid insulation and provide a more linear
voltage distribution along the high voltage bushing in a
transformer of the type disclosed. Also, the shielding
members as disclosed may be formed from semiconduct-
ing or conducting materials of other types, such as semi-
conducting rubber, flexible insulating material with a
metallic coating sprayed therein, or Coronox tape. Fur-
ther, it is to be understood that the outer shielding
member 99 may be omitted in certain applications, with
the metallic casing 28, which is normally at ground po-
tential, functioning as an effective outer shield.

Tt will therefore be apparent that there has been dis-
closed a mew and improved winding, insulation, and
shielding structure for electrical inductive apparatus that
reduces the potential gradient next to the high voltage
coil and on the static shield adjacent the high voltage coil,
provides a more favorable voltage distribution along the
high voltage bushing, and provides an inductive device
wherein the initial and final voltage distribution curves
substantially coincide. The new and improved winding,
insulation and shielding structure results in in several
advantages. For example, the amount and radial thick-
ness of the solid insulation required in a transformer of the
type described is considerably reduced, thus reducing the
physical size and weight of the transformer. Also, the
high voltage bushing may be considerably smaller and
lighter, further adding to the weight and size reduction
of the overall transformer. In addition, the reduction
in maximum potential gradient results in reduced pos-
sibility of insulation failures due to breakdown of the
fluid dielectric. Finally, the reduction in solid insula-
tion reduces the effect of said solid insulation as a thermal
barrier and reduces the requirement for special cooling
arrangements and reduces the amount of fluid dielectric
required.

Since numerous changes may be made in the above
described apparatus and different embodiments of the
invention may be made without departing from the spirit
and scope thereof, it is intended that all matter contained
in the foregoing description or shown in the accompany-
ing drawings shall be interpreted as illustrative, and not
in a limiting sense.

I claim as my invention:

1. A potential tranformer comprising a pyramidal type
high voltage winding, a lead electrically connected to and
extending outwardly from said high voltage winding, 2
first shielding member formed from conducting material
and connected to said lead disposed to substantially sur-
round said high voltage winding and said lead, solid in-
sulation substantiaily surrounding said high voltage wind-
ing, lead, and first shielding member, a second shielding
member formed from conducting material and connected
to ground potential disposed to substantially surround in
a close fitting manner at least the major portion of said
solid insulation, and an intermediate shielding member
having lower and upper portions formed from conducting
material disposed to surround said high voltage winding
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and at least a portion of said lead, respectively, said lower
portion of said intermediate shielding member being em-
bedded in said solid insulation substantially halfway be-
tween said first and second shielding members and inter-
posing and dividing said high voltage winding into two sce-
tions, said intermediate shielding member being electrical-
ly connected to said high voliage winding at a point
intermediate the start and finish of said high voltage
winding, with the point on said high voltage winding being
selected to obtain a potential which provides the maxi-
mum reduction in potential gradient at said first shielding
member, said upper portion of said intermediate shield:
ing member being positioned closer to said first shielding
member than to said second shielding member to produce
a capacitance relationship between said shiclding mem-
bers that would force said intermediate shielding mem-
ber to assume the same potential that said intermediate
shielding member has assumed due to its being connected
to the selected point of the high voltage winding.

2. A potential transformer comprising a pyramidal type
high veltage winding, a lead electrically connected to and
extending outwardly from said high voltage winding, a
first shielding member formed of first and second electri-
cally connecied sections and connected to said lead, said
first section of said first shielding member substantially
surrounding said lead and said second section of said first
shielding member substantially surrounding said high
voltage winding, solid insulation substantially surrounding
said high voltage winding, lead, and first shiclding mem-
ber, a second shielding member formed from conducting
material and connected to ground potential and disposed
to substantially surround in a close fitting manner at least
the major portion of said solid insulation, and an inter-
mediate shielding member having lower and upper por-
tions formed from conducting material dispcsed to sur-
round said high voltage winding and at least a portion
of said lead, respectively, said lower portion of said in-
termediate shielding member being embedded in said
solid insulation substantially halfway between said
first and second shielding members and inierposing
and dividing said high voltage winding into sections, said
intermediate shiclding member being electrically con-
nected to the high voltage winding at a point intermedi-
ate its start and finish, the potential at said point being
of a magnitude to increase the potential of the inter-
mediate shielding member to a magnitude higher than
would exist at the same location in said solid insulation
in the absence of said intermediate shielding member,
to substantially reduce the potential gradient at said inner
shielding member, said upper portion of said intermediate
shielding member being positioned closer to said first
shielding member than to said second shielding member
to produce a capacitance relationship between said shield-
ing members that causes the initial and final voltage dis-
tribution across said transformer to be substantially the
same.

3. A potential transfoermer comprising a high voltage
winding, a lead electrically connected to and extending
outwardly from said high voltage winding, a first shield-
ing member formed from semiconducting material and
connected to said lead disposed to substantially surround
said high voltage winding and said lead, solid insulation
substantially surrounding said high voltage winding, lead,
and first shielding member, a second shielding member
formed from semiconducting material and connected to
ground potential disposed to substantially surround in a
close fitting manner at least the major portion of said solid
insulation, and an intermediate shielding member having
lower and upper portions formed from a semiconducting
material disposed to surround said high voltage winding
and at least a portion of said lead, respectively, said lower
portion of said intermediate shielding member being em-
bedded in said solid insulation substantially halfway be-
tween said first and second shielding members and inter-
posing and dividing said high voltage winding into two
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sections, said interipediate shielding member electrically
connectéd to said high vollage winding at a point inter-
mediate the start and finish of said high voltage winding,
with the potential of said point being selected to provide
the maximum reduction in potential gradient adjacent said
first shielding member, said upper portion of said intef-
mediate shielding member being positioned closer to said
fist shielding niembet than to said second shielding memi-
beér to provide a capacitance relationship that provides the
same potetitial at the intermediate shielding member that
sdid intermediate shielding member has assumed due to
its being connected to said high voltage coil, to substan-
tially reduce transient voltages as the voltage distribution
across said transformer changes from a capacitance dis-
tribution to an inductive distribution.

4. A transformer comprising a pyramidal type high
voliage winding, a primary voltage terminal, a first shield-
ing member formed of first and second electrically con-
nected sections, said high voltage winding electrically con-
nected to said first section of said first shielding member
and said first section electrically connected to said primary
voltage terminal, said second section of said first shield-
ing member substantially surrounding said high voltage
winding, solid insulation substantially surrounding said
high voltage winding and first shielding member, a second
shielding member electrically connected o ground poten-
tial disposed to substantially surround in a close fitting
manner at least the major portion of said solid insulation,
and an intermediate shielding member having lower and
upper portions disposed to surround said high voltage
winding and first shielding member, the lower portion of
said intermediate shielding member being embedded in
said solid insulation substantially halfway between said
first and second shielding members and interposing and
dividing said high voltage winding info sections, said in-
termediate shielding member being electrically connected
to said high voltage winding at a point between the start
and finish of said high voltage winding, with the potential
at said point being of 2 magnitude to increase the potential
of the intermediate shielding member to a magnitude high-
er than would exist at the same location in said solid in-
sulation in the absence of said intermediate shielding
member, to substantially reduce the potential gradient at
said high voltage winding and at said first shielding mem-
ber, said upper portion of said intermediate shielding
member being positioned closer to said first shielding
member than to said second shielding member to produce
a capacitance relationship between said shielding mem-
bers that forces the initial and final voltage distribution
across the transformer to be substantially the same.

5. A transformer comprising a metallic casing, a high
voltage winding disposed in said casing, at least one lead
electrically connected to said winding and extending out-
wardly therefrom, solid insulation substantially surround-
ing said winding and at least a portion of said lead, a first
shielding member formed of conducting material and dis-
posed between said solid insulation and said winding and
between said solid insulation and lead to substantially
surround said winding and leads, said first shielding mem-
ber being electrically connected to said lead, and a sec-
ond shielding member having lower and upper electrical-
Iy connected portions formed from conducting material
and substantially surrounding said winding and said lead,
respectively, said lower portion of said second shielding
plember interposing and dividing the high voltage winding
Into two sections and positioned substantially halfway be-
tween said first shielding member and the outer surface of
said solid insulation, said second shielding member being
electrically connected to said high voliage winding at a
predetermined point, with the potential at the point in-
creasing the potential of the second shielding member to a
magnitude higher than would exist at the same location in
said solid insulation in the absence of said second shielding
member, to substantially reduce the potential gradient at
the first shielding member, said upper portion of said sec-
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ond shielding member being positioned closer to said first
shielding member than to the outer surface of said solid
insulation to produce a capacitance relationship between
said first and second shielding members and between said
second shielding member and said casing that provides an
initial voltage distribution across said transformer that
is substantially the same as the final voltage distribution.

6. An instrument transformer comprising a metallic
casing, a high voltage winding disposed within said casing,
a lead electrically connected to said winding and extend-
ing outwardly therefrom, solid insulation substantially
surrounding said winding and at least a portion of said
lead, a first shielding member electrically connected to
said lead comprising lower and upper sections disposed
between said solid insulation and said winding and be-
tween said solid insulation and said lead respectively, the
lower section of said first shielding member being hollow
and cylindrical in shape and having conducting material
on its surface, the upper section of said first shielding
member being a tubular insulating member having a con-
ducting material on its external surfaces, the upper and
lower sections of said first shielding member being me-
chanically and electrically connected, and a second shield-
ing member having lower and upper portions formed
from conducting material and substantially surrounding
said winding ‘and said lead, respectively, said lower por-
tion of said second shielding member being disposed sub-
stantially halfway between said first shielding member and
the outer surface of said solid insulation and interposing
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and dividing said high voltage winding into two portions,
said second shielding member being electrically connected
to said high voltage winding at a predetermined point, the
point being selected to provide a potential that increase the
potential of said intermediate shielding member to a mag-
nitude greater than said intermediate shielding member
would assume by its position alone to reduce the maximum
potential gradient adjacent to the surface of said first
shielding member and to provide a more linear voltage
distribution along said high voltage lead, said second
shielding member being positioned relatively closer to
said first shielding member than to the outer surface of
said solid insulation to produce a capacitance relation-
ship that provides initial and final voltage distributions
across said transformer that are substantially the same.
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