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TRANSFORMER WINDING STRUCTURE USNG 
CORRUGATED SPACERS 

RELATED APPLICATIONS 

This application is related to application Ser. No. 
237,714 filed Mar. 24, 1972 entitled "Insulation Struc 
ture Transformer Windings' in the name of Hans J. 
Weber, and assigned to the assignee of the present in 
vention, and which claims aspects of the dielectrics 
used in the transformer winding of the present applica 
tion. 

BACKGROUND OF THE INVENTION 

This invention relates to a winding construction for 
air-cooled transformers and more specifically relates to 
the use of corrugation spacers and corrugation rein 
forcement for the winding of an air-cooled, or dry-type 
transformer. 

In order to efficiently cool transformer windings of 
an oil-filled transformer, it is known that corrugated 
sheets can be placed between adjacent windings to 
form channels between windings through which cool 
ing oil can circulate. Generally, this oil circulates by 
convection force. 
Corrugated spacers have not, heretofore, been used 

in connection with air-cooled transformers. Thus, it 
was found that these spacers defined too small an air 
channel to allow sufficient flow of air to produce effec 
tive cooling. That is, since oil has a relatively high ther 
mal capacity, substantial heat can be removed from the 
winding with a relatively small volumetric oil flow past 
the winding. A much larger flow of air was necessary 
to remove the same amount of heat, but the corruga 
tion excursion (of less than about one-fourth inch) pre 
vented this necessary flow of air. 
A second feature which prevented the direct adop 

tion of oil transformer corrugation sheets in air-cooled 
transformers is that the air-cooled winding convention 
ally operates at a much higher temperature (up to 
220°C.) than the oil transformer. The corrugated 
sheets used in oil transformers are conventionally made 
of a bone fiber material which cannot sustain this high 
temperature. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is based on the recognition 
that corrugated spacers can be applied to air-cooled 
transformers by enlarging the excursion of the corruga 
tions to allow increased size air channels with novel re 
inforcing means to prevent collapse of the corrugations 
at high stress points, and by using high temperature ma 
terials for the corrugation board. Thus, a corrugation 
with an excursion in excess of about three-eighths inch 
is used, with insulation rods disposed in those corruga 
tions which would otherwise be collapsed by high 
stresses, such as appear at the corners of the winding 
and adjacent the wedges which secure the windings on 
the transformer core. The material selected for the cor 
rugations is a high temperature material, capable of 
being set in a corrugated form. Typically, moldable ma 
terials may be used, which can easily withstand temper 
atures of 220°C. and maintain high strength at these 
temperatures. In order to prevent collapse of the rela 
tively large corrugations at high stress regions, elon 
gated insulation rods are secured in the corrugations at 
the corners of the winding, and adjacent wedges used 
to hold the winding on the core. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a three-phase trans 
former which has three windings, which could be con 
structed in accordance with the present invention. 
FIG. 2 schematically illustrates one high voltage 

winding of the transformer of FIG.1. 
FIG. 3a is an end elevational view of one end of a 

transformer such as the one of FIG. 1 which incorpo 
rates a coil having a construction which uses the pres 
ent invention. 
FIG. 3b is a partial side elevational view of FIG. 3a. 
FIG. 4 is a cross-sectional view of FIG. 3a and is 

taken across section line 4-4 in FIG. 3a. 
FIG. S is an enlarged view of a portion of FIG. 4 to 

illustrate the construction of the corrugation spacer. 
FIG. 6 is an enlarged view, in perspective, of a por 

tion of the high-voltage to low-voltage barrier shown in 
FIG. 4. 
FIG. 7 is an enlarged view of a winding corner of FIG. 

4 to illustrate the placement of rods and wedges in the 
winding support structure. 
FIG. 8 schematically represents the distributed ca 

pacitances affecting the distribution of impulse voltage 
across the coil layers of a high voltage winding. 

DETAILED DESCRIPTION OF THE DRAWINGs 
FIG. 1 partly schematically illustrates a conventional 

transformer which may use the present invention in its 
winding structure. The transformer of FIG. 1 includes 
a magnetic core having three core legs 10, 11 and 12 
joined by upper yoke 13 and lower yoke 14. The core 
may be made of conventional stacked laminations, and 
legs 10, 11 and 12 can be of any desired cross-section, 
which conventionally is generally rectangular. Each of 
core legs 10, 11 and 12 carry respective low voltage 
windings 20, 21 and 22 which are wound concentrically 
with outer high voltage windings 23, 24 and 25. The 
high and low voltage windings. 20 to 25 may be ar 
ranged in any desired multiphase connection. The in 
vention herein involves the specific construction of a 
winding which may be used in the transformer of FIG. 
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1, when the winding may be air cooled. It is to be noted, 
however, that the invention herein may be used for any 
type electrical winding, which is used in any type elec 
tromagnetic device. 
While any terminal construction could be used for 

the various windings, each winding is shown in FIG. 1 
as having a simple pair of terminals. FIG. 2 schemati 
cally shows that winding 25, for example, may have a 
plurality of tap terminals 30 to 34, and a second termi 
nal 35. FIG. 2 further schematically illustrates the 
winding 25 as constructed of a plurality of identical lay 
ers of windings 36 to 43, and an end layer 44 which 
contains the taps 30 to 34. The schematically shown 
wound layers 36 to 43 are wound over an insulation 
barrier 45 to be later described, and which insulate the 
high voltage and low voltage windings. Taps 30 to 34 
may be made in any desired manner. By way of exam 
ple, one suitable tap arrangement is shown in copend 
ing application, Ser. No. 167,174, filed July 29, 1971, 
in the name of Ruckel et al. 

FIG. 3a is an end view of the transformer of FIG. 
when adapted with a winding construction made in ac 
cordance with the present invention, while FIG. 3b is 
a side-elevational view of FIG. 3a and specifically 
shows one winding and the taps 30 to 34 of the winding 



3 
(winding 25 of FIG. 1). The winding construction as 
seen in FIGS. 3a and 3b shows the external high voltage 
winding 25, and protruding above and below the high 
voltage winding 25 is the high voltage to low voltage 
barrier 36a. A low voltage winding, not shown in FIGS. 
3a and 3b, is contained within the barrier 36a and is 
wound concentrically with winding 25 on the core leg 
12 of the transformer. The winding structure of the in 
vention is most clearly shown in cross-section in FIG. 
4. 
FIG. 4 illustrates the square configuration of core leg 

12 where it will be understood that core leg 12 could 
also have other configurations, if desired. The core leg 
12 has wrapped thereon a glass tape layer 50 to insure 
insulation integrity between the grounded core and the 
winding to be connected thereon. The full winding is 
wound on a winding machine separately from the core 
and, in the embodiment herein, consists of a low volt 
age winding contained within the interior of the overall 
winding structure and an outer high voltage winding. 
The low voltage winding shown in FIG. 4 has an inte 
rior, upwardly extending terminal 51 which extends be 
yond the upper end of the winding, and may consist of 
a conductive foil 52 wound around an axis to form nine 
turns, which terminate in terminal 53. Note that termi 
nals 52 and 53 correspond to the pair of terminals 
shown for the low voltage winding 22 in FIG. 1. The 
height of the low voltage winding is generally shown in 
dotted lines in FIG.3a, with the low voltage winding 22 
being contained within the insulation barrier 36a. A 
suitable insulation layer will be used over the surface of 
the material used for the low voltage winding. By way 
of example, a layer of asbestos reinforced with glass 
may be used to insulate the low voltage winding. 
The insulation barrier 36a is then wound around the 

exterior of the low voltage winding 22 where the insula 
tion barrier 36a consists of a composite of high dielec 
tric and low dielectric layers, most clearly shown in 
FIG. 6. Thus, in FIG. 6, the barrier 36a consists of two 
outer layers 60 and 61 of a relatively high dielectric 
constant material with, for example, fourteen interior 
layers 62 of a relatively low dielectric constant mate 
rial. Good results have been obtained when using mica 
having a thickness of about 0.010 inch for the outer 
layers 60 and 61, and using a lower dielectric constant 
material, such as a material known as Nomex M, having 
a thickness of 0.010 inch for each of the 14 interior lay 
ers 62. Nomex M is a trademark of DuPont, and gener 
ally is a composite of nylon and mica. 
By using materials of a relatively high dielectric cons 

tant in the area of high dielectric stress between the 
high and low voltage windings, the dielectric field lines 
distributed between layers 60 and 61 of FIG. 6 will be 
relatively spread apart thereby to decrease the dielec 
tric gradient. Thus, it is possible to reduce the space be 
tween the high and low voltage windings, thereby sav 
ing material costs. 
The high voltage winding 25 is then wound on top of 

the barrier 36a and consists of the nine layers 36 to 44, 
wherein the layers 36 to 42 may each contain fifty 
three turns of aluminum wire which can, for example, 
have a cross-section of 0.115 by 0.375, which wire is 
appropriately insulated. Layer 43 may then have 49 
turns, while the outer layer 44, which contains the taps 
30 to 34, may have 48 turns. It will be noted that a start 
terminal (terminal 35 in FIG. 1) will come from the 
first layer 36, while the second terminal of the high 
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4. 
voltage winding 25 in FIG. 1 could, for example, be the 
tap terminal 34 of FIG. 2. 

In order to provide appropriate air cooling, whether 
forced air cooling, or natural convection cooling, each 
of the winding layers of both the high voltage and low 
voltage windings are spaced by insulation corrugated 
spacers. By way of example, corrugated spacers 70 and 
71 are typically shown, respectively, between the first 
and second, and second and third windings of the low 
voltage winding 22. These corrugated spacers are 
shown in more detail in FIG. 5, where it is seen that 
they have an undulating configuration which defines 
side-by-side air channels which extend along the full 
length of the winding layers. Preferably, the corruga 
tions will have a total thickness or excursion of at least 
three-eighths inch in order to define sufficiently large 
area air channels to allow a copious flow of cooling air 
through the channels. 

In addition, these corrugations are made of a material 
which is capable of withstanding the relatively high 
temperature rise of a dry-type or air-cooled trans 
former. Good results have been obtained with corruga 
tions made of polyimid resins, such as Gemon-L, made 
by the General Electric Corporation. Other suitable 
materials are moldable materials, such as Glastic 200, 
made by the Glastic Corporation, or HST, made by the 
Haysite Corporation. The material thickness of these 
corrugations may be about one thirty-second inch to 
provide satisfactory mechanical strength over most of 
the area of the corrugations. It will be noted that these 
corrugations could be crushed at high stress levels of 
the winding, but this problem is solved through the use 
of novel reinforcing rods to be described hereinafter. 
Corrugations similar to corrugations 70 and 71 are 

disposed between each of the winding layers of the low 
voltage winding, although if desired, corrugations be 
tween only selected pairs of layers could be used. In the 
preferred embodiment of the invention, however, and 
as shown in FIGS. 4 and 5, corrugation spacers are pro 
vided between each of the foil winding layers 72, 73 
and 74, as well as the remaining foil layers. It should be 
specifically noted that the corrugation region is made 
on selected peripheral portions of the coil which are 
disposed externally of the planes defined by the sides 
of yokes 13 and 14. In this manner, a clear air passage 
from the bottom of the transformer to the top is defined 
without interference from the yokes of the transformer. 
A similar arrangement of corrugation spacers of 

identical material to spacers 70 and 71 is provided for 
the high voltage winding. Thus, corrugation spacers 
such as spacers 75 and 76 are disposed between wind 
ing layers 36 and 37, and 37 and 38, respectively. Simi 
lar corrugation structures are provided between each 
of the other winding layers of the high voltage winding. 
It will be seen that the corrugation spacer used for the 
high voltage winding also define air channels on the 
outside of the yokes of the transformer, thereby to pro 
vide clear unrestricted air-flow channels through which 
cooling air may be carried. 

In addition, and in the winding shown in FIG. 4, cor 
rugation spacers 77 and 78 are formed in the region 
passing between the yokes 13 and 14 of the trans 
former, and between winding layers 38 and 39 to help 
conduct heat from this interior portion of the winding 
even though the cooling air path will be partly blocked 
by the yokes 13 and 14. 
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As pointed out previously, the corrugation structure 
is sufficiently strong to maintain its configuration and 
physical strength in most parts of the coil. However, in 
high stress regions, it is possible that the corrugation 
could be crushed. In order to prevent the local crushing 
of the corrugation, and as shown in FIG. 4, the corner 
regions at which the winding layers bend are reinforced 
by insulation rods disposed within the corrugation and 
adjacent the corner region. Typical insulation rods are 
shown as rods 80, 81, 82, 83 and 84, which are gener 
ally disposed at the last corrugation region of their re 
spective corrugation spacers, and at the region where 
the winding layer turns a corner. The insulation rods 
will then support and prevent the corrugation from col 
lapsing during winding and extend the full length of the 
corrugation and may be secured thereto as by gluing. 
The outer diameter of these rods will be approxi 

mately equal to the excursion of the corrugation. Thus, 
in FIG. 7, rods 85 and 86 may have a diameter of ap 
proximately five-sixteenths inch where the corruga 
tions might have a total excursion, or total thickness, 
from peak to peak of three-eighths inch, and a wall 
thickness of one thirty-second inch. 

In order to assemble the completely wound winding 
on the core 12, the upper yoke member 13 is disassem 
bled in standard fashion, and the total winding is 
mounted concentrically with the winding leg 12, and is 
secured in place on the winding leg 12 by appropriate 
mounting structures, which could include insulation 
wedge members, such as the wedge members 90 to 95 
shown in FIG. 4. These insulation wedges are simply 
elongated sticks which may be slightly wedge-shaped 
and which are forced between the interior of the wind 
ing and the exterior of the core leg 12. It has been 
found useful to dispose reinforcing rods in the first cor 
rugation 70 at regions adjacent these wedge members 
to prevent local collapse of the interior corrugation 70. 
Thus, in FIG. 4 it is seen that insulation rods, for ex 

ample, rods 96 and 97 are placed adjacent the wedges 
91 and 92 to prevent local collapse of the corrugation 
70 at these regions. 
A further important feature of the winding structure 

of FIG. 4 consists of the use of selective dielectric lay 
ers between the winding layers forming the high voltage 
winding. Thus, as shown in FIG. 4, a dielectric sheath 
or layer of tape is formed between each of the winding 
layers. These dielectric sheaths consist, for example, of 
the sheaths 101 to 109. 

In accordance with an important feature of the pres 
ent invention, the inner and outermost sheaths 101 and 
109 of the high voltage winding are made of a material 
having a dielectric constant which is higher than the di 
electric constant of the interior dielectric sheaths 102 
to 108. Thus, each of the winding layers 36 to 44 may 
be equally spaced, for example, by three-eighths inch, 
but the insulation sheaths 102 to 108 are formed of two 
layers of 0.010 inch thick Nomex M, while the exterior 
insulation layers 101 and 109 are formed of, for exam 
ple, two layers of 0.010 inch thick mica. With this 
structure, materials of higher dielectric constant are 
disposed between the first and last layers of the high 
voltage winding, thereby to increase the distributed ca 
pacitance of the first and last layers of the transformer 
winding in order to substantially equalize the capaci 
tance between all layers in order to cause equal voltage 
distribution of an impulse voltage applied to the high 
voltage winding. 
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This construction can be better understood in con 

nection with FIG. 8, which schematically illustrates the 
high voltage winding 25 in connection with its distrib 
uted capacitances. Thus, there is an imaginary neutral 
plane shown by the dotted lines N between each pair 
of adjacent winding layers, with the distributed capaci 
tance between winding layers being schematically illus 
trated as capacitances connected from the winding to 
the neutral plane. The total winding will be coupled to 
ground through the equivalent capacitances C and 
C. However, the equivalent layer capacitances of the 
first layer 36 to the second layer 37 and of the outer 
layer 44 to the next innermost layer 43 will be a capaci 
tance C which is smaller than the distributed capaci 
tances C. between the remaining interior adjacent lay 
ers 37 to 43. Consequently, an impulse voltage applied 
to the high voltage winding could, for example, due to 
the effect of a lightning stroke, not distribute equally 
between the winding layers, but rather a larger percent 
age of the voltage will appear between layers 36 and 
37, and 43 and 44, than between the adjacent layers. 

In accordance with the present invention, and by 
using higher dielectric constant material between the 
first and last pairs of layers, the equivalent capacitance 
between these layers is increased to a value approach 
ing that of the distributed capacitance between the re 
maining interior layers, thereby to improve the voltage 
distribution pattern across the winding due to impulse 
voltages. Note that this selection of different dielectric 
constant materials allows the transformer winding con 
struction to use identical interlayer spacing thereby 
simplifying the manufacture of the transformer. 
Clearly, other combinations of dielectric materials 
could have been selected, if desired. 
Although there has been described a preferred em 

bodiment of this novel invention, many variations and 
modifications will now be apparent to those skilled in 
the art. Therefore, this invention is to be limited, not by 
the specific disclosure herein, but only by the appended 
claims. . 

The embodiments of the invention in which an exclu 
sive privilege or property is claimed are defined as fol 
lows: 

1. An air-cooled electromagnetic device comprising, 
in combination: . 
an elongated magnetic core; ' ' 
an electrical winding means wound on said core and 

consisting of a plurality of concentric winding lay 
ers connected in given circuit relation with respect 
to one another; - 

a plurality of corrugation members of insulation ma 
terial, each defining a plurality of side-by-side air 
channels extending parallel to the direction of 
elongation of said core; said plurality of corruga 
tion members each having a height substantially 
equal to the height of said electrical winding 
means, and having a width which extends around 
only a portion of said electrical winding; 

each of said corrugation members being disposed be 
tween selected adjacent winding layers of said plu 
rality of concentric winding layers to define air 
channels in contact with the opposing surfaces of 
each of said adjacent winding layers 

said corrugation memers having corrugation excur 
sions of at least about three-eighths inch, and being 
formed of a material capable of maintaining its 
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form and strength in working ambient tempera 
tures of about 220C; 

said core having a rectangular configuration; said 
corrugation members extending around at least 
one of the corners of said core; and elongated insu 
lation rod members disposed in the air channels of 
said corrugation members in the region where said 
corrugation members are bent to conform to the 
said corner of said core. 

2. The device of claim 1 wherein each pair of adja 
cent concentric winding layers has one of said corruga 
tion members therebetween. 

3. The device of claim 1 wherein said winding means 
includes a high voltage winding and a low voltage wind 
ing, each consisting of first and second pluralities of 
layers of said plurality of winding layers. 
4. The device of claim 3 wherein each pair of adja 

cent concentric winding layers has one of said corruga 
tion members therebetween. 

5. The device of claim 1 which further includes a plu 
rality of parallel, elongated wedge members fitted be 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
tween the interior surface of said electrical winding 
means and the adjacent surface of said core; said elon 
gated parallel wedge members disposed parallel to said 
side-by-side air channels in said corrugation members. 

6. The device of claim 5 which further includes elon 
gated insulation rods disposed in the air channels de 
fined by the innermost of said corrugation members 
which are adjacent to said wedge members. 

7. The device of claim 1 which further includes top 
and bottom parallel yokes disposed at the opposite 
ends of said magnetic core; the opposite sides of said 
top and bottom yokes and said elongated core disposed 
in spaced parallel planes; said electrical winding means 
having portions thereof extending beyond the said 
spaced parallel planes; said corrugation members being 
at least partially disposed in said extending portions, 
whereby said air channels defined by said corrugation 
members are uninterrupted by said yokes. 

8. The device of claim 1 wherein said corrugation 
member is formed, at least in part, of an epoxy resin. 

k k k x: 


