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1. - 

ELECTRICAL WINDINGS, 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates in general to electrical induc 

tive apparatus, and more specifically to windings for 
electrical power transformers. 

2. Description of the Prior Art 
Electrical power transformers of the core-form type 

usually utilize high voltage windings constructed of axi 
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SUMMARY OF THE INVENTION 
Briefly, the present invention is a new and improved 

winding for electrical power transformers of the core 
form type, which winding includes a plurality of axially 
aligned, continuous, pancake coils. The pancake coils 
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ally aligned pancake or disc coils, as opposed to layer 
wound construction, as the pancake type coil has a 
much higher mechanical strength. Pancake coils of the 
continuous type, i.e., physically adjacent turns are from 
electrically adjacent portions of the winding, are rela 
tively easy to wind and interconnect to provide a wind 
ing, and are thus attractive from the cost viewpoint. 
Windings for coreform transformers constructed of 
continuous pancake coils, however, distribute surge 
voltages non-uniformly, concentrating surge stresses 
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across the conductor turns of the line end coils, 
between adjacent line end coils, and from the line end 
coils to ground. To accommodate these high surge 
stress concentrations, the turn, interpancake, and pan 
cake to ground insulation is increased. However, in ad 
dition to deleteriously affecting the space factor of the 
winding, the increased insulation at the line end of the 
winding results in even higher surge stresses, requiring 
even more insulation, as the series capacitance of the 

are divided into pairs, and coil of each pair are disposed 
with their major surfaces closely adjacent one another 
to increase the capacitance between them. Adjacent 
pairs are spaced by a dimension selected to provide 
cooling ducts between them. The coils of each pair are 
interconnected, and the pairs are interconnected, to 
provide at least one electrical path through the wind 
ing. The decreased spacing between the coils of each 
pair increases the series capacitance of the winding, 
resulting in a more uniform distribution of surge volt 
ages across the winding. 

BRIEF DESCRIPTION OF THE DRAWINGs 
The invention may be better understood, and further 

advantages and uses thereof more readily apparent, 
when considered in view of the following detailed 
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line end of the winding is reduced when the insulating 
clearances are increased. This is due to the fact that the 
uniformity of a surge voltage distribution across a wind 
ing is responsive to the distribution constant alpha (a) 
of the winding, and the distribution constant is deter 
mined by the square root of the ratio of the capacitance. 
of the winding to ground to the through or series 
capacitance of the winding. The smaller the distribu 
tion constant alpha, the more uniformly a surge voltage 
will be distributed across a winding. Thus, increasing 
the insulation and thus the spacing between pancake 
coils at the line end, reduces the series capacitance at 
this location of the winding, resulting in a higher per 
centage of the surge voltage being dropped across the 
line end coils. . . 

Prior art constructions which provide a more 
uniform voltage distribution across the high voltage 
winding of core-form power transformers usually suffer 
from one or more disadvantages, when compared with 
a winding constructed in the conventional manner of 
continuous pancake coils, such as increased complexity 
and a concomitant higher manufacturing cost, and 
poorer space factor. For example, shielding the 
windings to reduce the ground capacitance of the wind 

description of exemplary embodiments, taken with the 
accompanying drawings, in which: 

FIG. 1 is a fragmentary, elevational view, in section, 
of a core-form power transformer having a high voltage 
winding constructed according to the teachings of the 
invention; . . . . 
FIG.2 is a fragmentary, elevational view, in section, 

of a modified form of a high voltage winding which may 
be used with the transformer shown in FIG.1; 

FIG. 3 is a fragmentary, elevational view, in section, 
35 

of a high voltage winding constructed according to 
another embodiment of the invention; . 

FIG. 4 is a fragmentary, elevational view, in section, 
of the high voltage winding for a power transformer 

: constructed according to still another embodiment of 
40 
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the invention; w 

FIG. 5 is a fragmentary, elevational view, in section, 
of a high voltage winding having two electrical paths 
therethrough, constructed according to the teachings 
of the invention; 
FIG. 6 is a fragmentary, elevational view, in section, 

of a high voltage winding for a power transformer illus 
trating another multi-path embodiment of the inven 
tion; 

FIG. 7 is a fragmentary, elevational view, in section, 
of a high voltage winding for a power transformer illus 
trating an embodiment of the invention in which a sin 
gle circuit utilizes both axially disposed and radially 
disposed conductor turns; 

55 

ing deleteriously affects cost and space factor, while 
radially interleaving turns from electrically distant por 
tions of the winding to increase the effective series 
capacitance of the winding, increases the complexity 
and cost of the winding, especially when multiple elec 
trical paths are required through the winding. 
Thus, it would be desirable to provide a new and im 

proved high voltage electrical winding for power trans 
formers of the core-form type, which winding combines 
the attractive cost and size of the continuous winding, 
with the surge voltage distribution characteristics of the 
shielded or interleaved turn type winding. 

60 

FIG. 8 is a fragmentary, elevational view, in section, 
of a high voltage winding for a power transformer con 
structed 'according to another embodiment of the in 
vention; and . 

FIG. 9 is a fragmentary, elevational view, in section, 
of a high voltage winding constructed according to still 
another embodiment of the invention. 

DESCRIPTION OF PREFERREDEMBODIMENTs 
Referring now to the drawings, and FIG. 1 in particu 

lar, there is shown a partial sectional elevation of a 
transformer 10, which embodies the teachings of the 
invention. Transformer 10 is a power transformer of 
the core-form type, it is filled to a predetermined level 
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with an insulating and cooling dielectric fluid, such as 
oil, or askarel, and it may be either single or polyphase. 
Since each phase of the transformer would be similar in 
the event it is a polyphase transformer, only one phase 
is shown in FIG.1 in order to simplify the drawing. 
Transformer 10 includes a magnetic core 12, which 

may be of conventional construction, including a wind 
ing leg 14 having an axis 20 about which high and low 
voltage windings 16 and 18, respectively, are concen 
trically disposed. Low voltage winding 18, which may 
be of conventional construction, has a plurality of con 
ductor turns 22 insulated from the magnetic core 12 
and the high voltage winding 16 by electrical insulating 
means 24. High voltage winding 16 includes a plurality 
of pancake or disc coils, axially aligned in a stacked ar 
rangement with their openings in alignment, about the 
axis 20 of the magnetic core leg 14. High voltage wind 
ing 16 has first and second ends 26 and 28, respective 
ly, with the first end 26 being a line terminal adapted 
for connection to an elevated electrical potential, and 
with end 28 being either a line terminal adapted for 
connection to an elevated potential, or a terminal 
adapted for connection to ground or the neutral of a 
wye connected three-phase winding configuration. 
High voltage winding 16 includes a plurality of con 

tinuous pancake coils, with eight pancake coils being ill 
lustrated adjacent each end of the winding 16, and with 
additional pancake coils being indicated generally by 
broken line 25. 
More specifically, pancake coils 28, 30, 32, 34, 36, 

38, 40 and 42 are illustrated disposed about winding leg 
14, adjacent to line terminal 26, and pancake coils 44, 
46, 48, 48, 50, 52, 54, 56 and 58 are illustrated 
disposed about winding leg 14, adjacent to terminal 28. 
Each of the pancake coils are of the continuous type, 
i.e., they are wound and connected such that electri 
cally adjacent turns are also physically adjacent one 
another in the coils and winding, as opposed to inter 
leaved turn type pancake coils which are wound and 
connected such that physically adjacent turns are from 
electrically distant portions of the winding. Each of the 
pancake coils includes at least one insulated metallic 
strand, formed of a good electrical conductor such as 
copper or aluminum, with FIG. 1 illustrating a single 
strand embodiment of the invention. The insulated 
conductor turns, which are formed by the wound con 
ductive strand, define first and second major opposed 
surfaces. The conductive strand and its surrounding in 
sulation for each conductor turn are not detailed in the 
drawings, as the construction of the insulated strand 
and the resulting conductor turns are well known in the 
art. For purposes of explaining the interpancake con 
nections, the "start" are "finish'ends of a pancake coil 
are the ends of the innermost and outermost turns 
thereof, respectively, regardless of where the electrical 
circuitfirst enters the pancake coil. 
. The pancake coils of winding 16 are axially divided 
or grouped to provide a plurality of pairs of coils, and 
the coils of each pair are disposed with their major sur 
faces closely adjacent one another. Adjacent pairs are 
axially spaced by a greater dimension than are the coils 
in a pair, in order to provide cooling ducts for removal 
of heat from the coils. Thus, pancake coils 28 and 30, 
which are adjacent to line terminal 26, are grouped to 
provide a first pair 60, coils 32 and 34 are grouped to 
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provide a second pair 62, coils 36 and 38 are grouped 
to provide a third pair 64, and coils 40 and 42 are 
grouped to provide a fourth pair 66. In like manner, the 
remaining coils are grouped into pairs, such as the coils 
adjacent to terminal 28, as well as the coils indicated 
generally by broken line 25. As hereinbefore stated, the 
axial spacing between adjacent pairs of coils is selected 
to provide cooling ducts, such as duct 61 between pairs 
60 and 62, with a duct having a width dimension of 
about .188 inch being suitable in most applications. 
The first and second pancake coils of each pair are 

disposed with their major surfaces closely adjacent to 
one another, in order to increase the capacitance 
between them. In addition to the insulation surround 
ing each conductor turn, a thin insulating washer 
member is preferably disposed between the two coils of 
each pair, such as insulating washer members 68, 70, 
72 and 74, indicated in pairs 60, 62, 64, and 66, respec 
tively. The insulating washer member, which preferably 
has a thickness dimension in the order of about 0.030 
inch, mechanically protects the conductor turns, as the 
coils of a pair are preferably pressed tightly together to 
reduce the clearance or space between them to a 
predetermined small dimension. The solid insulating 
washer member disposed between the pancake coils of 
a pair also adds electrical strength to the insulation 
between the turns, without adding greatly to the spac 
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ing between the coils. While the insulating washer 
members may be formed of pressboard, which is the 
usual solid insulation utilized in liquid filled power 
transformers, they may also be formed of a material 
which has a higher dielectric constant than pressboard, 
i.e., at least five, and preferably even higher, in order to 
further increase the capacitance between the coils, 
such as a material formed of or containing aluminum 
oxide, barium titanate, titanium dioxide, or mixtures 
thereof. Resinous insulation systems having a high elec 
trical breakdown strength may be used to provide the 
washer members, with the systems being filled with 
means for increasing the overall dielectric constant of 
the insulating member, if desired. 
The first and second pancake coils of each pair of 

coils are electrically interconnected such that an elec 
trical circuit, or circuits, after once entering a pair, 
completely traverse the conductors turns of the two 
coils before leaving the pair. In a preferred embodi 
ment of the invention, the two coils of each pair are in 
terconnected such that a steady state voltage difference 
is created between axially adjacent turns of the coils of 
a pair, which difference is substantially uniform from 
turn-to-turn across the coil builds. This uniform voltage 
difference across the builds of the coil pairs is equal to 
one voltage unit, with a voltage unit being the steady 
state voltage across either coil of a pair. This arrange 
ment uniformly stresses the insulation between the 
coils of a pair, utilizing it in the most efficient manner, 
it increases the electrical charge stored between the 
coils of a pair, and it effectively connects the capacitors 
formed between adjacent turns in parallel, resulting in 
these capacitors adding to increase the series 
capacitance of the winding. 

In the embodiment of the invention illustrated in 
FIG. 1, the coils of a pair are interconnected with a 
start-finish connection in alternate pairs, and with a 
finish-start connection in the remaining pairs, which ar 



S. 
rangement facilitates the interconnection of adjacent 
pairs, as adjacent coils of adjacent pairs are intercon 
nected with the shortest possible interpancake connec 
tions. For example, the start of coil 28 is connected to 
the finish of coil 30 via start-finish connection 76 in the 
first pair 60, and the start of coil 36 is connected to the 
finish of coil 38 via start-finish connection 78 in the 
third pair 64. In the intervening pairs, i.e., pairs 62 and 
66, the finish of pancake coil 32 is connected to the 
start of pancake coil 34 via finish-start connection 80 in 
pair 62, and the finish of coil 40 is connected to the 
start of coil 42 via finish-start connection 82 in pair 66. 
Adjacent pairs of coils are interconnected with start 

start, finish-finish connections across winding 16, with 
the startends of the second and first coils 30 and 32 of 
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the first and second pairs 60 and 62, respectively, being 
interconnected with start-start connection 84, the 
finish ends of the second and first pancake coils 34 and 
36 of the second and third pairs 62 and 64, respective 
ly, being interconnected with finish-finish connection 
86, the start ends of the second and first pancake coils 
38 and 40 of the third and fourth pairs 64 and 66, 
respectively, being interconnected with start-start con 
nection 88, and the finish end of pancake coil 42 being 
connected to the finish end of the next pancake coil via 
finish-finish connection 90. 
... Thus, the electrical circuit enters the finish end of 
pancake coil 28 from the line terminal 26, and it spirals 
inwardly in a predetermined circumferential direction, 
with the turns being consecutively numbered in FIG. 1, 
starting from the line terminal 26. Upon reaching the 
end of the innermost turn, the circuit proceeds to the 
finish end of the second pancake coil of pair 60, via 
start-finish connection 76, and the circuit again spirals 
inwardly, in the same circumferential direction as the 
first coil 28 of pair 60. It will be noted that the same 
number of turns separate axially adjacent turns across 
the coil build dimensions, illustrating that the interpan 
cake insulation is uniformly stressed. It will further be 
noted that the turn difference between axially adjacent 
turns of the pancake coils of a pair is equal to the 
number of turns in either coil of the pair, illustrating 
that the voltage difference between axially adjacent 
turns of the two coils is equal to the voltage across one 
of the coils, or one voltage unit. In addition to stressing 
the insulation uniformly between the coils, this ar 
rangement effectively connects the capacitances in 
parallel, causing the individual capacitors between axi 
ally adjacent turns to add and increase the effective se 
ries or through capacitance of the pairs of coils, and 
thus of the winding 16. The circuit then proceeds from 
the start end of coil 30 to the startend of coil 32 in the 
next or second pair 62, via start-start connection 84. 
This circuit then spirals outwardly through coil 32 in 
the same circumferential direction as the inward spiral 
through coils 28 and 30, in order to provide an additive 
magnetomotive force in magnetic core 12, and upon 
reaching the finish end of coil 32 it proceeds to the start 
end of coil 34 via finish-start connection 80, and the 
circuit spirals outwardly through coil 34 in the same 
circumferential direction as in coil 32. The circuit then 
proceeds through each succeeding groups of two pairs, 
as just described for the first group of two pairs, i.e., for 
pairs 60 and 62. . . . . . . . . 
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6 
In the embodiment of the invention shown in FIG. 1, 

the successive start-start, finish-finish connections 
between adjacent pairs of coils were made between ad 
jacent coils of adjacent pairs, which construction has 
the advantage of keeping interpair connections as short 
as possible. It has the disadvantage of requiring the in 
terpancake connections between the coils of a pair to 
change from pair to pair, being a start-finish connec 
tion in one pair, and a finish-start connection in the 
next pair. The invention is not limited to this specific 
arrangement, however, as the coils in each pair may be 
interconnected in a similar manner. FIG. 2 is a frag 
mentary elevational view, in section, which illustrates a 
winding 100 in which the coils in each pair are all inter 
connected with a start-finish connection. . . . . . 
More specifically, FIG. 2 illustrates a winding 100 

having a plurality of pancake coils 102,104,106, 108, 
110, 112, 114 and 116, and these coils are grouped or 
axially divided into a plurality of pairs. Pancake coils 
102 and 104 are grouped to provide a first pair 118, 
coils 106 and 108 are grouped to provide a second pair 
120, coils 110 and 112 are grouped to provide a third 
pair 122, and coils 114 and 116 are grouped to provide 
a fourth pair 124. The coils of each pair are disposed in 
closely adjacent relation, as hereinbefore described 
relative to the winding 16 of FIG. 1, and the inner end 
of the first coil in each pair is connected to the outer 
end of the second coil of the same pair. Thus, the outer 
end of the first pancake coil 102 is connected to a line 
terminal 126, the inner end of pancake coil 102 is con 
nected to the outer end of pancake coil 104 via start 
finish connection 128, the inner end of pancake coil 
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104 is connected to the inner end of pancake coil 108 
via start-start connection 130, the finish end of pan 
cake coil 108 is connected to the start end of pancake 
coil 106 via start-finish connection 133, and the finish 
end of pancake coil 106 is connected to the finish end 
of pancake coil 110 via finish-finish connection 134. 
The remaining coils in each pair, and pairs of coils are 
interconnected as described relative to the first two 
pairs 118 and 120. 
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In the embodiments of the invention shown in FIGS. 
1 and 2, the means interconnecting the pairs has been 
illustrated as interconnecting adjacent pairs of coils. 
FIG. 3 is a fragmentary, elevational view, in section, of 
a winding 140 in which the pairs are interconnected in 
basic groups of four, such that the electrical circuit suc 
cessively traverses the first, third, second and fourth 
pairs of coils, instead of successively traversing the 
first, second, third and fourth pairs as hereinbefore 
described. . 
More specifically, FIG. 3 illustrates a winding 140 

having a plurality of pancake coils 142, 144, 146, 148, 
150, 152,154 and 156, with these coils being axially di 
vided to provide a plurality of pairs 158, 160,162 and 
164. The finish end of pancake coil 142 is connected to 
a line terminal 166, and the circuit spirals inwardly 
through pancake coil 142 until reaching its startend, at 
which point the circuit continues via start-finish con 
nection 168 which interconnects the start of pancake 
coil 142 with the finish of pancake coil 144. The circuit 
spirals inwardly through pancake coil 144 and upon 
reaching the end of its innermost turn, it continues to 
the third pair 162, instead of being connected to the 
immediately adjacent pair 160. The start of pancake 



7 
coil 144 is connected to the start of pancake 150 via 
start-start connection 170, and the circuit traverses 
both pancakes of pair 162 by an interpancake connec 
tion 172 connected between the finish end of pancake 
coil 150 and the start end of pancake coil 152. After 
traversing pair 162, the circuit proceeds to the second 
pair 160 via finish-finish connection 174 connected 
between the finish of pancake coil 152 and the finish of 
pancake coil 146. The circuit then traverses pancake 
coils 146 and 148 of the second pair 160, proceeding 
from the start end of pancake coil 146 to the finish end 
of pancake coil 148 via start-finish connection 176. 
After traversing the second pair 160, the circuit 
proceeds to the fourth pair 164 via start-start connec 
tion 178 connected between the start of pancake coil 
148 and the start of pancake 154. The circuit then 
completely traverses the pancake coils 154 and 156 of 
the fourth pair 164, proceeding from the finish end of 
the first pancake coil 154 to the startend of the second 
pancake coil 156 via finish-start connection 180. The 
remaining portion of winding 140 is interconnected in 
basic groups of four pairs, as hereinbefore described 
relative to the first four pairs of the winding 
While the embodiments of the invention described to 

this point have described the line terminal as being con 
nected to the finish end of one of the pancake coils of 
the first pair, the line terminal may also be connected 
to the start of one of the coils of the first pair, with this 
construction having the advantage of being able to util 
ize all machine wound pancake coils, as the circuit 
spirals outwardly in each pancake coil FIG. 4 is a frag 
mentary elevational view, in section, of a winding 190 
constructed according to this embodiment of the inven 
tion. 
More specifically, FIG. 4 illustrates a winding 190 

having a pluality of pancake coils 192, 194, 196, 198, 
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two different approaches to the use of multiple circuits, 
with the turns of the multiple paths being axially 
disposed in the embodiment of FIG. 5, and radially 

10 

15 

20 

25 

30 

35 

200 and 202, with these pancake coils being axially 
grouped into pairs 204, 206 and 208. The end of the in 
nermost turn of the first pancake 192 of pair 204 is 
connected to a line terminal 210, the finish end of pan 
cake coil 192 is connected to the start end of pancake 
coil 194 via finish-start connection 212, the finish end 

40 

disposed in the embodiment of FIG. 6,. 
More specifically, FIG. 5 illustrates a winding 230 

having a plurality of pancake coils 232, 234, 236 and 
238, which are axially divided into pairs, with pancake 
coils 232 and 234 being grouped to provide a first pair 
240, and pancake coils 236 and 238 being grouped to 
provide a second pair 242. Each of the pancake coils is 
formed of two insulated conductors, disposed side-by 
side, such that when the two conductors are wound to 
provide a pancake coil the two circuits are axially 
spaced from one another. In this embodiment, a line 
terminal 244 is connected to the finish ends of pancake 
coil 232, via conductors 246 and 248. The two circuits 
spiral inwardly through pancake coil 232, with the first 
circuit being referenced the A circuit and the second 
circuit being referenced the B circuit. The turn num 
bers and the circuit in which the turns are located are 
indicated on the turns. After reaching the innermost 
ends of the A and B circuits, the two circuits proceed to 
the finish ends of the two circuits of pancake coil 234 
via start-finish connections 250 and 252. The ends of 
the innermost turns of the A and B circuits of pancake 
coil 234 then proceed to the start ends of the two cir 
cuits of pancake coil 236 via start-start connections 
254 and 256, and the circuits spiral outwardly through 
pancake coil 236. Upon reaching the ends of the outer 
most turns of pancake coil 236, the A and B circuits 
continue to the starts of the A and B circuits of pancake 
coil 238, via finish-start connections 258 and 260. 
Upon reaching the ends of the outermost turns of pan 
cake coil 238, the circuit proceeds to the next adjacent 
pair of pancake coils via finish-finish connections 262 
and 264. 

In the multiple conductor embodiment shown in 
FIG. 5, the axial placement of the multiple conductors 
in each pancake coil may impede the transfer of heat 
from the conductive strands to the cooling fluid, espe 
cially from the strands located immediately adjacent to 
the insulating washer member disposed between ad 

of pancake coil 194 is connected to the start end of 45 jacent pancake coils. FIG. 6 illustrates a multiple con 
pancake coil 196 via finish-start connection 214, the 
finish end of pancake coil 196 is connected to the start 
end of pancake coil 198 via finish-start connection 216, 
the finish end of pancake coil 198 is connected to the 
startend of pancake coil 200 via finish-start connection 
218, the finish end of pancake coil 200 is connected to 
the start of pancake coil 202 via finish-start connection 
220, and the finish end of pancake coil 202 is con 
nected to the start of the next pancake coil via finish 
start connection 222. 
The embodiments of the invention hereinbefore 

described have used examples in which there was a sin 
gle electrical path or circuit through the high voltage 
winding, but all of the embodiments of the invention 
may, utilize more than one electrical path, and indeed 
the invention is particularly applicable to multipath ap 
plications as it adds little to the manufacturing cost of 
the winding, unlike prior art arrangements, such as in 
terleaved turn type arrangements which may become 
quite complex when multiple paths are necessary to 
handle the power requirements of a winding. FIGS. 5 
and 6 are fragmentary, elevational views, in section, of 
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ductor embodiment of the invention which does not 
have this disadvantage, as the multiple conductors are 
disposed radially relative to one another, instead of axi 
ally. FIG. 6 illustrates a winding 270 having a plurality 
of pancake coils 272, 274 276 and 278, which are 
grouped to provide a first pair 280 which includes pan 
cake coils 272 and 274, and a second group 282 which 
includes pancake coils 276 and 278. Each of the pan 
cake coils of winding 270 are wound with two conduc 
tors disposed radially relative to one another, which 
radially interleaves the turns of the two circuits, 
referenced the A and B circuits, but unlike the inter 
leaved turn type construction, the two circuits are not 
interconnected to import a voltage difference between 
the adjacent turns of the two circuits. The A and B cir 
cuits of the first pancake coil 272 are connected to a 
line terminal 284 via conductors 286 and 288, respec 
tively, and the two circuits spiral inwardly together 
until reaching the ends of their innermost turns, at 
which point they proceed to the finish ends of the A 
and B circuits of pancake coil 274 via start-finish con 
nections 290 and 292. The circuits then spiral inwardly 
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through the second pancake coil 274 of the first pair 
280, and upon reaching the ends of the innermost turns 
of the A and B circuits they proceed to the starts of the 
A and B circuits of the third pancake coil 276, via start 
start connections 294 and 296. The finish ends of the A 
and B circuits of the third pancake coil 276 are con 
nected to the start ends of the A and B circuits of the 
fourth pancake coil 278 via finish-start connections 
298 and 300, and the circuits spiral outwardly until 
reaching the ends of the outermost turns of pancake 
coil 278, at which point they proceed to the next ad 
jacent pancake coil via finish-finish connections 302 
and 304. . 

FIG. 7 is a fragmentary, elevational view, in section, 
of a winding 310 constructed according to another em 
bodiment of the invention, in which each pancake coil 
has a single electrical circuit or path, but with the turns 
of each pancake coil being both axially and radially 
disposed relative to one another. In other words, as the 
circuit enters each radial turn location, it is wound to 
provide two or more axially disposed turns before 
proceeding to the next radial layer. . . 
More specifically, FIG. 7 illustrates a winding 310 

having a plurality of pancake coils 312 and 314 which 
are grouped to provide a pair 316. Only one pair is il 
lustrated, as the other pairs would be similarly con 
structed and interconnected. The pancake coil 312 is 
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connected to a line terminal 318 and the circuit enters 
pancake coil 312 at the start end of the coil. As the cir 
cuit enters pancake coil 312, it proceeds through two 
turns at the first radial turn location, and then proceeds 
to the next radial location and proceeds through two 
turns. This procedure is followed completely through 
the first pancake coil 312, and upon reaching the end 
of its outermost turn, it proceeds to the start end of the 
pancake coil 314 via finish-start connection 320. Pan 
cake coil 314 is constructed in a manner similar to pan 
cake coil 312, having two axially adjacent turns in each 
radial turn position. Upon reaching the end of the ou 
termost turn of pancake coil 314, the circuit proceeds 
to the next pancake coil via finish-start connection 322. 

In the preferred embodiment of the invention, the 
voltage difference between axially adjacent turns of the 
two pancake coils of a pair is uniformly one voltage 
unit across the build of the two coils of each pair, in 
order to provide the most uniform distribution of surge 
potentials and most efficient usage of the insulation 
between the coils of the pair. However, it would also be 
beneficial to arrange the continuous coils of a winding 
in pairs and dispose the coils of a pair closely together, 
when the coils of a pair are interconnected such that 
the voltage varies between axially adjacent turns across 
the coil build. FIGS. 8 and 9 are fragmentary, eleva 
tional views, in section of windings 330 and 360, 
respectively, which illustrate embodiments of this latter 
mentioned arrangement. 
: More specifically, FIG. 8 illustrates a winding 330 
having a plurality of pancake coils 332,334, 336 and 
338, which are axially divided to provide a first pair 
340 which includes pancake coils 332 and 334, and a 
second pair 342 which includes pancake coils 336 and 
338. The circuit enters the outermost turn or finish end 
of pancake coil 332 from a line terminal 344 and spirals 
inwardly until reaching the innermost end of pancake 
coil 332 at which point the circuit proceeds to the start 
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10, 
of pancake coil 334 via start-start connection 346. 
While the circuit spirals inwardly in the first pancake 
coil 332 of pair 340, it spirals outwardly in the second 
pancake coil 334, but the circumferential direction of 
the circuit is the same in each of the pancake coils in 
order to provide an additive magnetomotive force in 
the magnetic core. The circuit then proceeds to the 
second pair 342 via finish-finish connection 348 
between the finish ends of pancake coils 334 and 336, 
it proceeds from the start end of pancake coil 336 to 
the start end of pancake coil 338 via start-start connec 
tion 350, and then continues to the next pancake coil . 
from the finish end of pancake coil 338 via finish-finish 
connection 352. Winding 330 is easy to manufacture 
since the interpancake and interpair connections are all 
very short connections. 
While winding 330 illustrated in FIG. 8 interconnects 

adjacent pairs of coils, the invention is not to be limited 
to this embodiment, as in some instances it is ad 
vantageous to interconnect remote pairs. An example 
of this embodiment is illustrated in FIG. 9 in which a 
winding 360 is illustrated having a plurality of pancake 
coils 362,364, 366, 368, 370 and 372. The pancake 
coils are axially divided into pairs, with pancake coils 
362 and 364 being grouped to provide a first pair 374, 
pancake coils 366 and 368 are grouped to provide a 
second pair 376, and pancake coils 370 and 372 are 
grouped to provide a third pair 378. The circuit enters 
the outermost end of pancake coil 360 from a line ter 
minal 380 and spirals inwardly to the innermost turn, 
proceeding to the second pancake coil 364 of the first 
pair 374 via start-start connection 382. The finish end 
of pancake coil 364, instead of being connected to a 
coil in the second pair 376 proceeds to the third pair 
378 via finish-finish connection 384, and enters the 
finish end of pancake coil 370. The start ends of pan 
cake coils 370 and 372 are interconnected via start 
start connection 386 and the finish end of pancake coil 
388 proceeds to the finish end of pancake coil 366 in 
the second pair 376. The start ends of pancake coils 
366 and 368 are interconnected via start-start connec 
tion 390, and the finish end of pancake coil 368 is con 
nected to the finish end of a coil in the fourth pair of 
pancake coils via finish-finish connection 392. The 
next group of three pairs of coils will be interconnected 
as described relative to the three pairs of coils shown in 
FIG.9. 

In summary, there has been disclosed new and im 
proved high voltage electrical windings for power 
transformers of the core-form type, which combine the 
attractive cost and size of continuous pancake coils 
with an improved surge voltage distribution charac 
teristic approaching that of the more complicated and 
costly interleaved turn and shielded windings. In all of 
the embodiments of the invention, the pancake coils 
utilized are continuous, with the improved impulse 
stress distribution being obtained by dividing the con 
tinuous pancake coils into pairs and disposing the coils 
of each pair in closely adjacent relation to substantially 
increase the series capacitance between them. Cooling 
ducts are provided by spacing adjacent pairs of coils by 
a dimension necessary to provide the required heat 
transfer. 

I claim as my invention: 
1. A winding for electrical inductive apparatus, com 

prising: 
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an axially aligned stack of continuous pancake coils 
wherein radially adjacent turns are from electri 
cally adjacent portions of the winding, each of said 
pancake coils having start and finish ends and a 
plurality of insulated conductor turns which define 
first and second major opposed surfaces, 

said pancake coils being axially divided into pairs, 
with each pair having first and second pancake 
coils, the adjacent major surfaces of the first and 
second pancake coils in each pair are closely ad 
jacent to increase the capacitance between them, 
and the second and first coils of adjacent pairs are 
spaced by a greater dimension than the spacing 
between the coils of a pair, to define cooling ducts, 

first means interconnecting the first and second coils 
of each pair to provide a difference in potential 
between axially adjacent turns, 

and second means interconnecting said pairs of coils 
to provide at least one electrical path through said 
stack of pancake coils. 

2. The winding of claim 1 wherein the first means in 
terconnects the start end of one pancake coil in each 
pair to the finish end of the other pancake coil of the 
pair. 

3. The winding of claim 2 wherein the first means in 
terconnects the start and finish ends of the first and 
second coils, respectively, of each pair. 

4. The winding of claim 2 wherein the first means in 
terconnects the start and finish ends of the first and 
second coils, respectively, of alternate pairs, and the 
finish and start ends of the first and second coils, 
respectively, of the intervening pairs. 

5. The winding of claim 2 wherein the finish end of 
the first pancake coil of the pair at one end of the stack 
is adapted for connection to an elevated electrical 
potential. 

6. The winding of claim 5 wherein the second means 
interconnects adjacent pairs of pancake coils, with al 
ternate interpancake connections being start-start con 
nections, and the intervening interpancake connections 
being finish-finish connections. 

7. The winding of claim 6 wherein the first means in 
terconnects the start and finish ends of the first and 
second coils, respectively, of alternate pairs, and the 
finish and start ends of the first and second coils, 
respectively, of the intervening pairs. 

8. The winding of claim 6 wherein the first means in 
terconnects the start and finish ends of the first and 
second coils, respectively, of each pair. 

9. The winding of claim 2 wherein the second means 
interconnects the pairs in groups of four, successively 
interconnecting the first and third pairs, the third and 
second pairs, and the second and fourth pairs. 

10. The winding of claim 9 wherein the finish end of 
the first pancake coil of the pair at one of the stack is 
adapted for connection to an elevated electrical poten 
tial, the connection between the first and third pairs is a 
start-start connection, the connection between the 
third and second pairs is a finish-finish connection, and 
the connection between the second and fourth pairs is a 
start-start connection. 
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11. The winding of claim 2 wherein the start end of 65 
the first coil of the pair at one end of the stack is 
adapted for connection to an elevated electrical poten 
tial. 

12. 
12. The winding of claim 11 wherein the second 

means interconnects adjacent pairs of coils with finish 
start connections. 

13. The winding of claim 2 wherein the first means 
interconnect the first and second coils of each pair with 
finish-start connections, respectively, and the second 
means interconnects the second and first coils of ad 
jacent pairs with finish-start connections, respectively. 

14. The winding of claim 2 wherein an insulating 
washer member is disposed between the coils in each 
pair pancake coils, with the coils of each pair being 
butted against the insulating washer member. 

15. The winding of claim 1 wherein an insulating 
washer member is disposed between the coils in each 
pair of pancake coils, with the coils of each pair being 
butted against the insulating washer member. 

16. The winding of claim 14 wherein the insulating 
washer member has a dielectric constant of at least 
five. 

17. The winding of claim 15 wherein the insulating 
washer member has a dielectric constant of at least 
five. 

18. The winding of claim 2 wherein each coil in 
cludes at least first and second discrete conductors, 
with the first and second means interconnecting the 
coils of each pair, and the pairs, respectively, to pro 
vide at least two electrical paths through the stack of 
pancake coils. 

19. The winding of claim 1 wherein each coil in 
cludes at least first and second discrete conductors, 
with the first and second means interconnecting the 
coils of each pair, and the pairs, respectively, to pro 
vide at least two electrical paths through the stack of 
pancake coils. 

20. The winding of claim 18 wherein the conductor 
turns of the first and second discrete conductors are 
radially interleaved with one another in each pancake 
coil. 

21. The winding of claim 19 wherein the conductor 
turns of the first and second discrete conductors are 
radially interleaved with one another in each pancake 
coil. 

22. The winding of claim 18 wherein the conductor 
turns of the first and second conductors are disposed 
axially adjacent one another in each pancake coil. 

23. The winding of claim 19 wherein the conductor 
turns of the first and second discrete conductors are 
disposed axially adjacent one another in each pancake 
coil. 

24. The winding of claim 2 wherein each pancake 
coil includes a single electrical path, and at least two 
axially adjacent conductor turns, with the single electri 
cal path traversing the axially disposed turns of each 
radial turn position, before proceeding to the turns of 
the next radial turn position. 

25. The winding of claim 1 wherein each pancake 
coil includes a single electrical path, and at least two 
axially adjacent conductor turns at each radial turn 
position, with the single electrical path traversing the 
axially disposed turns of each radial turn position, be 
fore proceeding to the turns of the next radial turn posi 
tion. 

26. The winding of claim 1 wherein the first means 
interconnects the start ends of the first and second pan 
cake coils in each pair. 
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27. The winding of claim 26 wherein the second 29. The winding of claim 27 wherein the second 
means interconnects the finish ends of the second and means interconnects the pairs in basic groups of three, 
first Pancake coils of Predetermined pairs of pancake such that the electrical circuit successively traverses 
coils. s 

28. The winding of claim 27 wherein the second 5 the first, third and second pairs of coils. 
means interconnects adjacent pairs of coils. 
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