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ABSTRACT OF THE DISCLOSURE 
Electrical transformers of the type which utilize a 

plurality of axially spaced pancake coils connected to 
form a winding thereof, and one or more static plate 
members disposed and electrically connected to more 
uniformly distribute surge potentials across the winding. 

This invention relates in general to electrical induc 
tive apparatus, such as transformers, and more par 
ticularly to new and improved winding and shielding 
structures for reducing the magnitude of electrical stress 
concentrations and for improving the distribution of surge 
potentials across the windings of electrical transformers. 

Electrical transformers of the type which utilize a 
plurality of disc or pancake type coils, stacked in spaced 
side-by-side relation to provide electrical clearance be 
tween the coils and cooling ducts for cooling the coils, 
and which are electrically connected to form the windings 
of the transformer, commonly employ a static plate or 
shield which is electrically connected to the line terminal, 
and which is disposed adjacent the line end of the stack 
of pancake coils. The static plate is usually formed of 
an insulating washer member having rounded edges and 
the same general outline dimensions as the pancake coils, 
and has a thin layer or coating of an electrically conduc 
tive material, such as copper or aluminum, disposed on 
the surfaces of the washer member. The electrically con 
ductive surface of the static plate is electrically connected 
to the electrical line terminal. The function of the static 
plate is to improve the distribution of surge potentials 
across the line end of the electrical winding. 
The distribution of a surge potential across a pancake 

coil, and across the electrical winding, is determined by 
the capacitance between the individual turns of the pan 
cake coils, the capacitance between adjacent coils, and 
the capacitance between the coils to ground. The dis 
tribution of surge potential across a pancake coil- or 
across an electrical winding, is determined by the formula 

where a is the distribution constant, Cg is the capacitance 
of the electrical turns of the pancake coils to ground, 
and Cs is the through series capacitance of the electrical 
winding. The smaller the distribution constant a, the 
more linear the surge voltage distribution across the coils 
and windings, which results in less stress concentration 
between the initial turns of the line end coil, and less 
stress concentration between the coil-coil spaces at the 
line end of the winding. Thus, as shown in the formula 
for the distribution constant a, the distribution of surge 
potentials across a winding may be improved by increas 
ing the series capacitance of the winding. Unfortunately, 
the through series capacitance of the winding is inherently 
low due to the serially connected turn-to-turn capaci 
tances, Which add similarly to parallel connected resistors, 
making the through series capacitance of each coil due 
to the turn-to-turn capacitance smaller than the smallest 
value of turn-to-turn capacitance. The problem is fur 
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ther aggravated in high voltage transformers which utilize 
graded insulation, as the line end coils are generally 
constructed to have a larger opening for receiving the 
associated magneticv core, and have a smaller outside 
diameter in order to provide greater clearances between 
the high voltage coils and the grounded magnetic core 
than bet-ween the coils and ground which are disposed 
nearer the neutral end of the winding. Thus, the capaci 
tance between the physically smaller line end coils is 
less than the capacitance between the coils which have 
a larger surface area, as the capacitance between coils 
is directly proportional to the surface area of the smaller 
of any two adjacent coils. 

Since capacitive reactance is inversely proportional to 
capacitance, surge potentials applied to the line end 
of the winding will concentrate on the ?rst few turns, 
of the line end coil, and across the coil~coil space between 
the line end coils. Further, as the distribution of poten 
tial changes from capacitive to inductive, oscillatory volt 
ages are produced ‘as charging currents flow through the 
capacitance and inductance of the windings, with the 
magnitude of the voltage oscillations being proportional 
to the difference between the initial or capacitive voltage 
distribution, and the ?nal or inductive voltage distribu 
tion across the winding. Increasing the coil-coil space 
between the line end coils to withstand these concentra 
tions of surge potentials is partially self-defeating, as this 
further reduces the capacitance between these coils which 
results in an even poorer impulse distribution. Further, 
adding additional insulation between the coils and ground 
to protect the apparatus from large oscillatory voltages 
increases the mean length of the winding turns and the 
mean length of the magnetic circuit, which increases 
copper and iron requirements, and deleteriously affects 
the cost, size, regulation and e?iciency of the electrical 
apparatus. > 

The static plate, disposed adjacent the outside surface 
of the line end coil, and electrically connected to the 
line terminal, aids in increasing the series capacitance 
of the line end coil,‘ which distributes surge stresses 
more uniformly across this coil. The arrangement of 
the static plate adjacent‘ the outside surface‘ of the line 
end coil of an electrical winding, however, provides 
several areas near the line end of the winding which 
are very highly stressed, with some of the solid insulating 
members, such as washers, channels, and angles, being 
stressed more in creep than in puncture. It would, there 
fore, be desirable to provide a shielding and winding 
arrangement which will distribute surge potentials more 
uniformly across the line end of an electrical winding, 
and also reduce the high concentration of puncture and 
creep stresses near the line end of the winding, both 
during the time of surges and during'steady state opera 
tion. ‘ 

Accordingly, it is an object of this invention to provide 
a new and improvedv winding and shielding structure for 
electrical inductive apparatus. I 

Another object of the invention is to provide a new 
and improved winding and ‘shielding structure for elec 
trical transformers which more uniformly distributes surge 
potentials across the winding. ' - ‘ 

A further object of the invention is to provide a new 
and improved winding and shielding structure for elec 
trical transformers, which reduces creep and. puncture 
stress concentrations near the line end of the‘ winding. 

Still another object of the invention is to provide ,a 
new and improved winding and shielding structure for 
electrical transformers, which is more effective in'ur'ii 
forinly distributing surge potentials across an electrical 
winding, and at the same time reduces the magnitude of 
electrical stress concentrations at the highly stressed line 
end of the winding. - - ' 
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v Brie?y, the invention accomplishes the above-cited ob 
jects by changing the location of the static shield or plate 
relative to the pancake or disc type coils which make up 
the electrical winding. In general, instead of disposing 
the static plate adjacent the outer surfaces of the line 
end coil, it is disposed intermediate the line end coil and 
the immediately adjacent coil. This construction has the 
e?ectbf substantially reducing stress concentrations at 
certain locations near the line end of the winding, and at 
the same time more uniformly distribute surge potentials 
across the line end of the winding. Thus, the static plate 
performs its primary function more effectively, and at 
the same time substantially reduces creep and puncture 
stresses at the line ‘end of the winding. 
4 Further objects and advantages of the invention will 
become apparent from the following detailed description, 
taken in connection with the accompanying drawings, in 
which: 
FIGURE 1 is a plan view, in section, of an electrical 

transformer constructed according to the teachings of 
‘one ‘embodiment of the invention; 

FIG. 1A is an elevational view of a static plate member 
which may be used in the transformer structure shown in 
FIG. 1; 

FIG.’ 1B is an enlarged cross-sectional view of the 
static platemember shown in FIG. 1A, taken along the 
line_"1B--1B; 4 

FIG.’ 1C is an enlarged cross-sectional view of another 
static plate arrangement which may be used; 
, FIG.‘ 2 is a fragmentary view of the transformer shown 
in FIG. 1, illustrating the capacitive relationships be 
tween'two of the line end coils and the static plate; 
FIG. 3 is a fragmentary view, illustrating the capacitive 

‘relationships of a prior art winding and shielding arrange 
fnent,_'for comparison with FIG. 2; 

7 FIG. 4 is a cross-sectional view of a winding and shield 
in'g arrangement constructed according to another embodi 
mentor the invention; and 

FIG. 5 is a cross-sectional view of a winding and 
shieldingarrangement constructed according to still an 
other vembodiment of the invention. 7 
V Referring now ‘to the drawings, and FIG. 1 in particular, 
there is illustrated a plan view, in section, of a trans 
foi-me‘r'l't) constructed according to the teachings of one 
embodiment of the invention. In general, transformer 10' 
is of the ‘ shell-form type, comprising magnetic core 
members 12 and 14, and a plurality of disc or pancake 
type coils such as ‘pancake coil 16, all disposed about a 
common center line 9. All of the ?gures will show this 
same center line 9, in order to illustrate the placement of 
the various fragmentary cross-sectional views in an actual 
transformer structure. Transformer 10' may be of the 
single 'or polyphase type, and may be of the auto-trans~ 
former ‘or' of the isolated winding type. For purposes of 
example, transformer 10 is shown in FIG. 1, as being of 
the isolated winding type. ‘One phase of transformer‘ltl is 
illustrated, with magnetic core members 12 and 14 being 
shown" with an irregular line to indicate that other similar 
phases may be added if desired. , 
More "speci?cally, transformer 10 includes high and low 

voltage windings 18 and 20, respectively, disposed in 
inductive relation with magnetic core members 12 and 
14. Magnetic core members 12 and 14 each include a 
plurality of stacked metallic laminations, formed of grain 
oriented magnetic silicon steel, such as laminations 22, 
which are arranged about a window or opening 24 for 
‘receiving the electrical windings 18 and 20. 
The low voltage winding 20v is formed of a plurality of 

pancake coils, with four pancake coils 26, 28, 30 and 32 
being shown for purposes of example. Pancake coils 26, 
>28, 30 and 32 are each formed of a plurality of spirally 
wound turns 34 of electrical conductor, with the pancake 
coils each having two main opposed surfaces, and an 
opening, such as opening 36‘ in pancake coil 26, which 
joins the major surfaces, and which has the function of 
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receiving the magnetic core members 12 and 14. The 
pancake coils of the low voltage winding are stacked in 
spaced side-by-side relationship, with the openings 36 
being in alignment, and they are serially connected to 
form a complete winding having terminals 38 and 40‘. 
The pancake coils of the low voltage winding 20 are 
shown connected start-start and ?nish-?nish, but they may 
be connected ?nish-start if desired. As utilized in this 
speci?cation and which is well known in the art, the 
“start” of a pancake coil is the end of its inner turn, and 
the “?nish” of a pancake coil is the end of its outer turn, 
regardless of where the electrical line ?rst enters the coil. 
Solid insulation, shown generally at 42 in the lower half 
of FIG. 1, which may comprise washer members, angles 
and channels of pressboard, or other suitable electrical 
insulating material, is suitably disposed to form coil cool 
ing ducts 44» immediately adjacent each pancake coil 26, 
28, 30 and 32, and the solid insulation also forms the 
electrical barrier between adjacent pancake coils, and 
between the pancake coils and the grounded magnetic 
core members 12 and 14. The solid insulation is not 
shown in the upper half of FIG. 1, for purposes of clarity. 
The high voltage winding 18 is disposed in spaced rela 

tion relative to the low voltage winding 20‘, and is also 
formed of a plurality of spaced pancake~type coils, with six 
pancake coils 136, 46, 48, 50, 52 and 54 being shown for 
purposes of example. Pancake coils 16, 46, 48‘, 50‘, 52 and 
54 each have two major opposed surfaces, which are con 
nected by an opening, such as opening 56 in pancake coil 
16, with the pancake coils, being stacked in spaced side 
side relation with their openings in alignment, similar to 
the pancake coils of the low voltage winding 20‘. The pan 
cake coils 16, 46, 48, 50, 52 and 54 are serially connected 
to form the high voltage winding 18‘, which has a line 
terminal L connected to one end of the stacked pancake 
coils, and a terminal 60, which may be the neutral or 
grounded end of the winding. 

In high voltage transformers, the pancake coils of the 
high voltage winding may be constructed to utilize graded 
insulation. For example, as shown in FIG. 1, the pancake 
coils at the line end of the winding near the line terminal 
L, are constructed with a larger window or opening for 
receiving the magnetic core members 12 and 14, and have 
a smaller outside diameter, than do the pancake coils 
located nearer the grounded or neutral end 60 of the 
winding 18. Also, certain of the pancake coils of the 
high voltage winding 18 may be formed such that as the 
potential difference increases between them, the spacing 
between them will increase accordingly. For example, 
pancake coil 16 of high voltage winding 18 may be formed 
in a substantially ?at manner, while the immediately ad 
jacent pancake coil 46 may be formed such that it is rela 
tively close to pancake coil 16- at their inner diameters, 
with the spacing between the coils increasing as the turns 
of the coils spiral outwardly. This construction takes ad 
vantage of the fact that the coils have very little potential 
difference at the ends where they are electrically inter 
connected, to reduce the physical length of the coil stack. 

Like the pancake coils of the low voltage winding 20, 
the pancake coils of the high voltage winding 18 co 
operate with the members which form the solid insulation 
42 to provide coil ducts, such as ducts 62, disposed im 
mediately adjacent the major surfaces of the pancake 
coils. 
The magnetic core-coil structure of transformer 10 is 

disposed within a suitable enclosure or tank shown gen 
erally at 64, and the tank 64 may contain a suitable 
insulating dielectric ?uid, such as oil or SE6, which circu 
lates through the coil ducts and suitable external heat 
exchanger means (not shown), to remove heat from the 
pancake coils and the dielectric ?uid. 

In order to more uniformly distribute surge potentials 
across the line end of winding 18, which may be applied 
to the line terminal L, such as caused by lighting surges 
transmitted through the associated electrical system, or by 
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switching surges, a static plate member 70 is disposed in 
spaced relation with the line coil 16 and electrically con 
nected to the line terminal L. However, instead of dis 
posing the static plate 70 adjacent the outer surface of 
the line coil 16, i.e., the surface facing away from the 
remaining pancake coils of the high voltage winding 18, 
as taught by the prior art, a static plate 70‘ is disposed 
between the line coil 16 and the immediately adjacent 
coil 46. As will be more fully explained hereinafter, this 
structure reduces the concentration of electrical stresses 
at certain areas adjacent the line end coils, and provides 
a more favorable distribution of surge potentials across 
the line end pancake coils of the winding. 
The static plate 70 may be formed in many ways, with 

US. Patent 2,993,183, issued July 18, 1961, and assigned 
to the same assignee as the present application, teaching 
acceptable static plate structures. In general, as shown in 
FIGS. 1A and 1B, the static plate 70 may be formed of 
an insulating washer member 71 having rounded edges 
and an opening for receiving the magnetic core. The ex 
ternal surfaces of the washer member are completely 
covered with a metallic foil or metallic coating 73 which 
may be in strip form, or it may be sprayed on. Metals 
such as aluminum or copper may be utilized. Thus, the 
static plate, like the pancake coils, has two major opposed 
surfaces connected by the opening in the static plate, and 
connected by the outer edge of the static plate. 
FIG. 1C is a cross-sectional view of another static plate 

structure 76' which may be used for static plate 70. In 
this arrangement, two similar washer members 75 and 77, 
having a con?guration similar to that shown in FIG. 1A, 
are disposed in adjacent contacting relationship, with a 
thin layer or coating 79 of electrically conductive mate 
rial being disposed between them. The electrically con 
ductive material should preferably terminate before reach 
ing the inner and outer edges of the washer members 75 
and 77. The static plate 70' is completed by disposing a 
round electrical conductor 81, such as copper, around 
the outer and inner edges of the washer members 75 and 
77, with the electrical conductor 81 having tightly wound 
cellulosic insulation 83 disposed thereon. The inner and 
outer edges of the static plate 70' are then ?tted with 
tight channel members 85, which are formed of an elec 
trical insulating material such as pressboard. 
FIGS. 2 and 3 illustrate fragmentary cross-sectional 

views of the ?rst two line end coils 16 and 46 of the trans 
former 10 shown in FIG. 1, with FIG. 2 illustrating the 
disposition of the static shield 70 according to the teach 
ings of the invention, and FIG. 3 illustrating a static shield 
72 disposed according to the teachings of the prior art. 
Since the pancake coils are all symmetrical about center 
line 9, only one half of the pancake coils are shown in 
FIGS. 2 and 3 for purposes of simplicity. 

Referring ?rst to the prior art structureof FIG. 3, it 
will be noted that the pancake coils provide a capacitive 
structure which includes capacitance C, between adja 
cent turns 74 in each pancake coil, capacitance Cc between 
the conductor turns 74 of adjacent pancake coils, and 
capacitance CSp between turns 74 of pancake coil 16 
and the static plate 72. The capacitance C, between ad~ 
jacent turns in each coil actually reduces the through 
series capacitance of the coils and of the winding, as 
serially connected capacitors add in a manner similar to 
parallel connected resistors. The capacitance Cc between 
adjacent coils and the capacitance C5p between pancake 
coil 16 and the static plate 72, being etTectively connected 
in parallel with the pancake coils, add in a manner similar 
to series connected resistors, thus increasing the through 
series capacitance of the winding. Thus, the static plate 
72 increases the series capacitance of pancake coil 16, 
aiding in more uniformly distributing surge potentials 
across coil 16, and reducing the concentration of surge 
potentials on the ?rst few turns of the line coil. 
While the static plate 72, disposed as shown adjacent 

the outer surface of the line coil 16, is of de?nite value 
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6 
in aiding the distribution of surge potentials, it should 
be noted that the capacitance between each turn of pan 
cake coil 16 and'the static plate 72, and the capacitance 
between each turn of pancake coil 16 and coil 46 are 
connected in series, which reduces the effective capac 
itance between coil 46 and the static plate 72 to a value 
smaller than the smaller of two serially connected capac 
itances, thus decreasing the magnitude of the electrical 
charge which may be delivered to pancake coil 46. 

Further, the static plate 72 does not effectively reduce 
the magnitudes of certain areas of high electrical stress. 
In fact, the location of the static plate 72 adjacent the 
outside surface of the line end coil 16 actually increases 
puncture and creep stresses in certain areas. It is well 
known that pressboard and other solid insulating mate 
rials commonly utilized in transformer construction, have 
much higher strength in puncture than in creep. Thus, 
the placement of the solid insulating members, such as 
angles, channels, and washers, should be such as to sub 
stantially follow the equipotential lines surrounding the 
electrical coils, and thus utilize the solid insulating mem 
bers most et?ciently. Anything which upsets the expected 
location of the equipotential lines, and stresses the solid 
insulation in creep instead of puncture, will lower the 
insulating value of the system and should therefore be 
avoided. 
More speci?cally, the static plate 72, being disposed 

adjacent one end of the high voltage winding, adjacent 
the outer surface of the line end coil 16, and being sub 
stantially at the same potential as the line terminal L, 
provides a high stress concentration near the outer edge 
of the static plate 72, shown generally at 76. Also, the 
edge of the outer turn 74 of the line coil 16 produces 
a highly stressed area, shown generally at 78. High creep 
stresses are created during surge potentials between the 
?rst and second line coils, and especially between the 
outer edge of the second coil 46, and the outer edge of 
the line coil 16, shown generally at 80, due to the fact 
that the capacitance of the second coil 46 receives a 
smaller charge than the capacitance of the line coil 16, 
due to the close proximity of the static plate 72 adjacent 
the line coil 16, which increases the capacitance of the 
line coil to the static plate, and the series charging path 
from the static plate through capacitance Csp, through the 
turns of pancake coil 16, and through capacitance Cc, 
which reduces the capacitance of the second coil 46 to the 
static plate 72. The difference in the capacitances of the 
two coils creates a large voltage gradient between them, 
as they each receive a substantially different charge, which 
creates high creep stresses, and also produces large tran 
sient oscillatory voltages as the voltage distribution 
changes from capacitive to inductive. 

Disposing the static plate between the ?rst two coils 
from the line end of the winding, such as static plate 70 
shown in FIGS. 1 and 2 reduces the magnitude of the 
stress concentrations produced by the arrangement shown 
in FIG. 3, reduces the creep stresses between the ?rst tWo 
line end coils, increases the through series capacitance of 
the ?rst two line end coils, which enforces a more favor 
able distribution of surge potentials across these coils and 
across the coil-coil spaces between the coils, allows a re 
duction in the coil-coil space between the line end coils, 
and has the advantage of reducing the space required be— 
tween the high and low voltage windings 18 and 20, re 
spectively, as shown in FIG. 1. 
As illustrated in FIG. 2, the capacitance C, between 

the adjacent turns of each coil remains the same as the 
capacitance C, in the prior art arrangement. The capaci 
tance CSp between the line end coil 16 and the static 
plate 70, also remains substantially unchanged, as in gen 
eral, the static plate 70 will be disposed to maintain the 
same spacing with the line coil 16 as in the prior art ar 
rangement. The capacitance between the static plate 72 
and coil 46 has been replaced with the capacitance C5D’ 
between the static plate 70 and the coil 46. The value of 
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capacitance C,,,’ is greater than the value of capacitance 
which it replaced. This may be readily observed from the 
formula for capacitance: 

Where C is the capacitance in micromicrofarads, A is the 
area of one of the capacitor plates or major coil surfaces 
in square inches, d is the distance between the capacitor 
plates, or between the major coil surfaces and the static 
plate, and K is the dielectric constant of the insulating 
medium which separates the “plates” of the capacitor. 
Therefore, in the arrangement shown in FIG. 2, the ca 
pacitive relationship between pancake coil 16 and static 
plate 70 is similar to the capacitive relationship between 
pancake coil 46 and static plate 16. Therefore, coils 16 
and 46 will receive similar charges, which substantially 
reduces the stress in the coil-coil space between the coils 
16 and 46. The static plate 70 in FIG. 2 causing pancake 
coils 16 and 46 to have similar capacitive relationships 
relative to the static plate, and thus receive similar 
charges, regulates the voltage distribution in the second 
coil better than the line coil '16 does in the prior art struc 
ture shown in FIG. 3. Thus,‘ the arrangement shown in 
FIG. 2 substantially reduces the stresses between the pan 
cake coils 16 and 46, including a very substantial reduc 
tion in the creep stresses in this area. 

Increasing the magnitude of the effective through series 
capacitance of coils 16 and 46 offsets the lower value of 
capacitance between these coils, as compared to the ca 
pacitance between the remaining coils of the winding, due 
to the smaller physical size of the line end coils occasioned 
by the grading of the insulation from the coils to ground 
based upon the potential of the coils. Therefore, the ar 

C 

,rangement shown in FIG. 2 promotes a more uniform 
distribution of surge potentials across the, entire winding 
structure. ' 

In addition to correcting the effective through series 
capacitance of the line end coils, the disposition of the 
static plate 70 between the ?rst two line end coils also 
provides other advantages. For example, the magnitude 
of the electrical stress at highly stressed areas 76, 78 and 
80 of the prior art arrangement of FIG. 3, is substan 
tially reduced by the construction 0f.,FIG-. 2, wherein the 
static plate is disposed intermediate pancake 16 and pan 
cake coil 46. Speci?cally, the electrical stress at location 
76 shown in FIG. 3 is reduced by the amount of the volt 
age drop across the line end coil 16. In FIG. 3, the elec 
trical stress at point 76 is due to the full line potential 
applied to the static plate 72. In FIG. 2, the electrical 
stress at this point is due to the potential of the inner 
turn of the line end coil 16, which is equal to the line 
potential minus the voltage drop across the pancake coil 
16. The reduction in electrical stress in this area, also 
has the advantage of reducing the electrical clearance re 
quired between the high voltage winding 18 and the ad 
jacent low voltage winding 20. 
The electrical stress at point 78 shown in FIG. 3 is also 

reduced by the construction shown in FIG. 2, due to the 
fact that the static plate 70 is at substantially the same 
potential as the outer turns of pancake coil 16, thus set 
ting up an area of zero potential gradient at this point. 
It should be noted that the static plate 70 has a slightly 
greater outside diameter than pancake coil 16, and a 
slightly smaller inside diameter, thus providing a larger 
major surface area than pancake coil 16, which more ef 
fectively shields the edges of the inner and outer turns of 
pancake coil 16. While the static plate 70 has a larger 
major surface area than the line coil -16, in structures 
utilizing graded insulation, the major surface area of the 
static plate is preferably less than the major surface area 
of the second coil from the line end. The static plate 70 
has rounded edges, which provides a smooth equipoten 
tial surface which further aids the shielding of the corners 
of the inner and outer turns of pancake coil 16. 
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8 
An additional bene?t of the construction shown in 

FIG. 2, is the reduction in creep stresses in the general 
area 80 between the outer edges of pancake coils 16 and 
46, as shown in FIG. 3. By disposing the static plate be 
tween the ?rst two line end coils, the capacitive relation 
ships of the two coils to the static plate are similar, unlike 
the prior art structure shown in FIG. 3, thus allowing 
the capacitances of the coils 16 and 46 to receive similar 
charges. Since the potential across a capacitance is pro 
portional to charge, the generation of large potential dif 
ferences between the coils is precluded, which results in 
substantially reducing electrical stresses, which stress the 
solid insulating members in creep instead of puncture. 
Charging the capacitances of coils 16 and 46 to substan 
tially the same potential also reduces the magnitude of 
voltage oscillations, compared with those which are pro 
duced by the different charge potentials on the line end 
coils by the arrangement shown in FIG. 3. 

Increasing the through series capacitance of pancake 
coils 16 and 46, and reducing the puncture and creep 
stresses between these coils by providing similar capaci 
tive relationships between these coils and the static plate, 
provides a lower stress across the coil-coil space which 
allows pancake coils 16 and 46 to be placed closer to 
gether, which further increases the bene?cial circuit effect 
of the capacitance between these coils, and further aids 
in a more favorable voltage distribution across the wind 
ing. 

In some instances, depending upon the voltage rating 
of the transformer and the design parameters of the elec 
trical pancake coils, it may be desirable to dispose addi 
tional static plate members between some of the other 
pancake coils near the line end of the high Voltage wind 
ing. FIG. 4 shows the high voltage winding 18 of FIG. 1, 
illustrating the placement of additional static plate mem 
bers. 
More speci?cally, FIG. 4v illustrates the high voltage... 

winding 18 of transformer 10 of FIG. 1, with only the 
cross section of the pancake coils on one side of center 
line 9 being shown for purposes of simplicity. In this 
embodiment of the invention, in addition to the static 
plate member 70 disposed between pancake coils 16 and 
46, a static plate 90 may be disposed between pancake 
coils 46 and 48, a static plate member 92 may be disposed 
between pancake coils 48 and 50, and a static plate mem 
ber 94 may be disposed between pancake coils 50 and 52. 
The actual number of static plate members utilized will 
depend upon the particular requirements of the high volt 
‘age winding. As illustrated in FIG. 4, static plate member 
90 is electrically connected to the interconnecting con 
ductor 91 between pancake coils 16 and 46, static plate 
member 92 is electrically connected to the interconnect 
ing conductor 93 between pancake coils 46 and 48, and 
static plate member 94 is electrically connected to the 
interconnecting conductor 95 between pancake coils ‘48 
and 50. The static plate members 90, 92 and 94 are dis 
posed adjacent the end of the pancake coil to which it 
is electrically connected. Since the capacitance between 
adjacent pancake coils increases from the line end of the 
winding 18 to its opposite end at terminal 60, due to the 
increase in the physical size of the pancake coils, the dif 
ferences between the inner and outer diameters of static 
plate members 90, 92 and 94 should be successively re 
duced from static plate to static plate, starting with the 
largest static plate at the line end of the winding, in 
order to reduce the surface area of the static plates 
which form capacitor plates and reduce the value of the 
added capacitance in proportion to the increase in capaci 
tance between the coils due to their increased physical 
size. A substantially linear capacitive voltage distribu 
tion across the coils of the winding would be most desir 
able, with the capacitive voltage distribution curve ap 
proaching the inductive voltage distribution curve. When 
this condition is achieved, voltage oscillations, produced 
when a surge voltage changes from capacitive to induc 



3,376,530 
:tive distribution, are minimized, which reduces the 
amount of insulation required between adjacent pancake 
coils, and between the pancake coils and ground. The 
surface area of each static plate member and the number 
of static plate members utilized may be tailored to accom 
modate the requirements of the winding, to provide the 
desired capacitive voltage distribution characteristic. 
The additional static plate members 90, 92 and 94 

shown in FIG. 4, will also provide the advantages of the 
static plate 70, hereinbefore described, in reducing the 
magnitude of electrical stress concentrations and creep 
stresses in the coil-coil spaces between the pancake coils. 
The teachings of the invention may also be advanta 

geously applied to multi-section coils, such as the common 
ly used double section coils in which each double section 
coil has two spaced pancake coils, with the space be 
tween the coils providing a low stress area for location of 
the coil cooling ducts. In other words, in a double sec 
tion type coil and winding, there are two parallel paths 
between the line terminal and neutral or grounded termi 
nal of the winding, with electrically similar pancake coils 
in each path being disposed in predetermined spaced re 
lation to form the low stress cooling ducts for the coils. 
In the prior art, it is customary to dispose a static plate 
adjacent the outside surface of the line end double coil 
section. With this arrangement there is a possibility that 
voltage oscillations of undesirable magnitude may be 
created when surge voltages are applied to the transform 
er windings. The magnitude of the voltage oscillations 
using the double section coil arrangement may be sub 
stantially reduced by following the teachings of this in 
vention. 
More speci?cally, FIG. 5 illustrates a high voltage 

winding 110 in section, wound about center line 9, with 
only one half of the winding being shown for simplicity. 
Instead of being formed of single section pancake coils, 
such as shown in transformer 10 of FIG. 1, winding 110 
of FIG. 5 is formed of double section coils, with each 
pancake coil of each double section coil being connected 
serially with a pancake coil in each of the other double 
section coils, and the two series paths being connected to 
gether ‘at the line and neutral terminals of the winding. 
Thus, two series paths are provided through the winding, 
with the series paths being connected in parallel at the 
start and ?nish of the winding. 

Speci?cally, winding 110 may have any desired number 
of double section coils, with four double section coils 
112, 114, 116 and 118 being shown for purposes of ex 
ample. Double section coil 112 includes pancake coils 
120 and 122, constructed in a manner similar to the 
pancake coils of transformer 10 shown in FIG. 1, With 
pancake coils 120 and 122 being disposed in spaced side 
by-side relation to form a coil cooling duct 121 between 
them. The outer turns of pancake coils 120 and 122 are 
connected in common to line terminal L through conduc 
tors 136 and 138 respectively. Each pancake coil of each 
double section coil is connected serially with a pancake 
coil in all of the other double section coils, utilizing start~ 
start, ?nish-?nish connections as shown in FIG. 5, or 
?nish-start connections. The inner turn or start of pan 
cake coil 120 may be connected to the inner turn or start 
of one of the pancake coils in double section coil 114, 
such as the inner turn of coil 124 via conductor 140, and 
the start of pancake coil 122 may be connected to the 
start of the remaining pancake coil 126 of double section 
coil 114, via conductor 142. In like manner, the ?nish or 
outer turn of pancake coil 124 in double section coil 114 
may be connected to the outer turn of one of the pan 
cake coils of double section coil 116, such as pancake coil 
130 via conductor 144, and the ?nish of pancake coil 126 
may be connected to the ?nish of pancake coil 128 via 
conductor 146. The start of pancake coil 128 of double 
section coil 116 may be connected to the start of one of 
the pancake coils of double section coil 118, such as 
pancake coil 132 via conductor 143, and the start of pan 
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10 
cake coil 130 may be connected to the start of pancake 
coil 134 via conductor 152. The ?nish ends of pancake 
coils 132 and 134 of double section coil 118, are then 
connected in common to terminal 160 via conductors 15a 
and 156, to complete the parallel connection of the series 
paths through the winding. 

In order to reduce the voltage oscillations produced by 
surge voltages applied to the line end of the winding 110, 
a static plate 150 is disposed between the pancake coils 
120 and 122, in the coil-coil space 121 formed between 
the spaced coils. The static plate 150 is electrically con 
nected to the line terminal L via conductor 165. This con 
struction has the advantage of providing a parallel charg 
ing path ‘for the capacitances of pancake coils 120 and 
122, charging both pancake coils of double coil section 
112 at the same rate and to ‘the same potential. This is 
very important in high voltage windings, as it substantial 
ly reduces the magnitude of voltage oscillations pro 
duced when a surge potential change from capacitive‘ to 
inductive distribution. With the static plate disposed out 
side the double section coil, the capacitance of the imme 
diately adjacent pancake coil to the static plate is larger 
than the capacitance of the other coil of the section to the 
static plate, causing the immediately adjacent pancake 
coil to charge to a greater potential than the other pan 
cake coil, thus causing a potential gradient between these 
coils which produces oscillations which travel throughout 
the whole winding during the latter part of the surge. 

Static plate 150 is illustrated as being utilized only be— 
tween the pancake coils 120‘ and 122 of double section 
coil 112 in FIG. 5. However, in some instances, it may be 
desirable to dispose a static plate between any number, 
or all of the double section coils, depending upon the 
voltage rating of the winding and its electrical character 
istics. It should be noted that the major surface area of 
one of the major opposed sides of the static plate 150 
disposed between the coils connected to the line terminal 
L is larger than the surface area of one of the major 
sides of one of the pancake coils 120‘ and 122. Further, the 
area of one of the major sides of static plate member 
150 is less than the area of one of the major sides of one 
of the pancake coils 124 and 126 of the second double 
section coil 114 from the line terminal L, when the wind 
ing uses the principles of graded insulation. 

In summary, there has been disclosed new and im 
proved static plate-pancake coil structures which aid in 
enforcing a more favorable distribution of surge poten 
tials across the turns of the line end coils, and across the 
coil-coil spaces between the line end coils. The disclosed 
structures also aid in reducing the magnitude of oscillatory 
voltages produced as surge voltage distribution changes 
from capacity to inductive, it aids in reducing the magni 
tude of electrical stress concentrations at certain points 
in the winding, and it reduces the magnitude of creep 
stresses in the winding. Thus, the insulation required be 
tween adjacent pancake coils, and between the pancake 
coils and ground is reduced to a minimum, which reduces 
the mean lengths of the electrical and magnetic circuits, 
and takes maximum advantage of the insulating qualities 
of the solid insulation, stressing it in puncture instead of 
in creep. 

Since numerous changes may be made in the above 
described apparatus and different embodiments of the in 
vention may be made without departing from the spirit 
thereof, it is intended that all matter contained in the 
foregoing description or shown in the accompanying draw 
ings, shall be interpreted as illustrative, and not in a limit 
ing sense. 

I claim as my invention: 
1. An electrical winding comprising 
a plurality of pancake coils each having two major op 
posed surfaces and an opening which extends be 
tween the major opposed surfaces, said pancake coils 
being disposed in space side-by-side relation with 
their openings in substantial alignment forming a 
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stack of pancake coils having first and second ends, 
a ?rst electrical terminal adapted for connection to a 

source of electrical potential, 
a second electrical terminal, 
static plate means, 
said plurality of pancake coils being electrically con 

nected to provide two series paths between said ?rst 
and second electrical terminals, the pancake coils of 
each series path being disposed in spaced adjacent 
relation with an electrically similar pancake coil of 
the other series path, providing a plurality of double 
section coils, 

said static plate means being disposed between the 
major surfaces of the spaced pancake coils of at least 
the double section coil which is connected to said 
?rst terminal, and 

means electrically connecting said static plate means 
to said ?rst electrical terminal. 

2. The electrical winding of claim 1 wherein said 
static plate means is a single static plate member disposed 
between the pancake coils which form the double section 
coil connected to said ?rst terminal. 

3. The electrical winding of claim 2 wherein said static 
plate member has two major opposed surfaces, the area 
of one of the major surfaces of said static plate member 
being larger than the area of one of the major opposed 
surfaces of the pancake coils connected to said ?rst ter 
minal. 

4. The electrical winding of claim 1 wherein said static 
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plate means includes a plurality of static plate members 
with one static plate member being disposed between the 
pancake coils of certain successive double section coils 
starting with the double section coil connected to said 
?rst electrical terminal. 

5. The electrical winding of claim 2 wherein said static 
plate member has two major opposed surfaces, the area 
of one of the major surfaces of said static plate member 
being larger than the area of one of the major opposed 
surfaces of the pancake coils in the double section coil 
connected to said ?rst terminal, and smaller than the area 
of one of the major opposed surfaces of the pancake coils 
in the double section coil disposed adjacent the double 
section coil connected to said ?rst terminal. 
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