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To all whom it may concern. 
Be it known that I, GIUSEPPE FACCIOLI, 

a citizen of the United States, residing at 
Pittsfield, county of Berkshire, State of 
Massachusetts, have invented certain new 
and useful Improvements in Electrical Ap 
paratus, of which the following is a speci 
fication. 
My invention relates both to electrical 

wiring for various apparatus and to trans 
formers. One object of my invention is to 
provide an electrical winding better adapted 
to withstand high frequency phenomena. 
Another object of my invention is to pro 
vide a transformer better adapted to with 
stand the high frequency phenomena to 
which some transformers, such as high volt 
age transformers connected to long and 
complex transmission systems, are likely to 
be subjected. Other objects of my inven 
tion will appear. The high frequency phe 
nomena which I particularly contemplate 
guarding against is the steep traveling wave 
and its resulting phenomena. 
Since I anticipate that my invention will 

find its greatest application in high volt 
age transformers, and since my invention 
in its broader aspect may be thoroughly 
understood from a consideration of its ap 
plication to such a transformer, I shall for 
the sake of simplicity substantially limit 
the description of my invention to high 
voltage transformers. 
One or both windings of transformers are 

commonly divided into coils which are com 
monly spaced apart for various purposes, 
Such as insulation and ventilating or cool 
ing. A fluidis, commonly used between the 
coils for various reasons, such as assisting 
the cooling, for better insulation, etc. Con 
sidering only the high voltage or high ten 
sion winding of the transformer (although 
my 
both of the windings), it is desirable to de 
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sign the winding for a higher puncture volt 
age between the coils located adjacent the 
terminal or terminals of the winding than 
between coils docated farther from the ter 
minal or terminals of the winding. . For 
this reason the distance between end or ter 
minal coils is generally greater than the dis. 
tance between other coils of the same wind 
ing and, therefore, if the prior common 
practice of transformer construction is fol 
lowed, the electrostatic capacity between ad 

invention may be applied to either or 

jacent end or terminal coils is less than be 
tween the other coils of the winding. On 
the other hand, high frequency phenomena 
are better taken care of if the electrostatic 
capacity between coils is the same through 
out the winding. I propose to reconcile 
these two apparently conflicting conditions 
by so using a plurality of insulating mate 
rials of different specific inductive capaci 
ties (preferably by using insulations of 
higher specific inductive capacities between 
the coils spaced farther apart), that no 
matter what the puncture voltage or the dis 
tance between any two adjacent coils may 
be, or how either or both these factors may 
vary through the winding, the capacitance 
or electrostatic capacity is substantially con 
stant throughout. Where oil or air is used 
as the insulating fluid between all spaced 
coils of the same winding (following the 
present common practice), I use in addi 
tion to the oil or air between some or all 
of the spaced coils, solid insulating mate 
rials of such specific inductive capacities as 
to secure the desired equality of the electro 
static capacity between the coils of the 
winding. w 
While I contemplate that my invention 

will find its greatest usefulness in meeting 
these end coil conditions or some other non 
uniformly spaced coil arrangement, the mat 
ter may stated somewhat more broadly; 
thus my invention consists in substantially 
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equalizing the capacitances between non 
uniformly spaced major parts such as disc 
coils of a winding (irrespective of the rea 
son of the spacing and the location of the 
wider spaces), or between major parts of 
a winding insulated from each other for different puncture voltages, by using there 
in between insulating materials of different 
specific inductive capacities. 
the prior practice may be regarded to be 
this: Prior to my invention it was custo 
mary to insulate major parts as coils of a 
winding, in such a manner as to secure the 
desired ventilating RE; the desired punc 
ture voltage, etc. The capacitance between 
coils was allowed to assume whatever value. 
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might appear in meeting the other condi 
tions. By my invention I include the ca 
pacitance as one of the conditions to be met in insulating the winding. 
design and construct the winding that the 

That is, I so 
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capacitance between its major parts is sub 
stantially the same throughout the wind 
ing, in addition to meeting the conditions 
of insulation strength, ventilation, etc. 

In the accompanying drawing and the 
following description, I have illustrated 
and described in some detail the best em 
bodiment of my invention of which I am 
now aware. The single figure of the draw 
ing shows in elevation, partly in section, a 
transformer embodying my invention. 
The transformer is submerged in insulat 

ing oil within a tank 1, the lever of the oil 
being indicated at 2. The transformer itself 
comprises a core 5, which in the instance ill 
lustrated, is of the two-legged rectangular 
type, the windings being placed about one 
leg as shown. windings comprise a 
cylindrical low voltage winding 6 next to 
the core and concentric therewith a high 
voltage winding made up of a number of 
disc coils. Outside of the low voltage wind 
ing 6 is a cylinder 7 of insulating material 
for insulating the low voltage winding 
from the high voltage winding, and outside 
the cylinder 7 are the disc-coils 10, 11, 12, 

30 

35 

40 

45 

50 

55 

60 

13, 14 and 15 of the high voltage winding. 
For the purposes of this description the disc 
coils 10 to 15 may be regarded as connected 
in series, the terminals of the high voltage 
winding being brought out at 18 and 19 as 
shown. Since the terminals 18 and 19 of 
the high voltage winding are brought out 
from the coils 10 and 15, these coils 10 and 
15 are the end coils or terminal coils of the 
high voltage winding; to an extent, of 
course, the coils 11 and 14 are also end or 
terminal coils since they are located nearer 
the terminals 18 and 19 than the coils 12 
and 13, although not directly connected to 
the terminals 18 and 19. Following the 
common practice, the coils 10 to 15 are 
spaced apart for the purpose of admitting 
between the coils, the oil in which the trans 
former is submerged; the layers of oil be 
tween the coils have two functions, namely, 
for ventilating or cooling the winding and 
for insulating the coils 10 to 15 from each 
other, or assisting in this insulation. Fol 
lowing the common practice farther, in ad 
dition to the insulating fluid, insulating col 
lars 20 to 24 inclusive, of solid insulating 
material, are placed in the spaces between 
coils to Secure additional insulation strength 
(higher puncture voltage), or for other 
purposes. 
While the high voltage winding is con 

nected to the line, the coils near each termi 
nai, that is, the end or terminal coils, are 
at times subjected to greater differences of 
potential than the coils nearer the center 
of the winding. For this reason it is cus 
tomary to space the end coils farther part 
than the center coils, or use thicker or a 
plurality of collars between end coils. This 
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practice is illustrated in the drawing where 
it will be seen that the coils 10 and 15 are 
spaced farther from the coils 11 and 14 re 
spectively than the coil 11 from the coil 12 
or the coil 12 from the coil 13 or the coil 
13 from the coil 14. For this and for other 
reasons it is desirable to space the coils 
non-uniformly throughout the winding, and 
by this non-uniform spacing or other ar 
rangements resulting from the extra end 
coil insulator, there result different values 
of the capacitance between different coils. 
For example, the capacitance between coils 
10 and 11 (supposing the transformer ill 
lustrated to follow the customary designs 
and constructions prior to my invention) is usually less than the capacitance between 
the coils 11 and 12 or between the coils 12 
and 13. To what extent and in what or 
der the capacitances are unequal between 
coils is dependent upon the design and con 
struction of the particular transformer or 
winding. 

In the transformer shown in the drawing, 
however, the capacitance between coils of 
the high voltage winding is made substan 
tially uniform throughout the high voltage 
winding. I have accomplished this result 
by disposing insulation of higher specific 
inductive capacity between the more sepa 
rated coils than between those coils which 
are closer together. The insulating materials 
between coils of the high voltage winding 
shown are the oil in which the transformer 
is submerged, and mica and pressboard for 
the collars. The specific inductive capacity 
of oil is about 2, the specific inductive ca 
pacity of pressboard about 4, and the specific 
inductive capacity of mica from 5 to 7 or 
(for the purposes of this description) say 6. 
The spaces between the coils 11 and 12, be 
tween coils 12 and 13, and between coils 13 
and 14, are substantially equal in width. 
The spaces between the coils 10 and 11 and 
between coils 14 and 15 are also equal to 
each other, but each of these spaces is of 
somewhat greater width than that between 
any other two coils. To obtain equal ca 
pacitance between each two coils therefore, 
I use the same insulating materials (and 
thickness of insulating materials) between 
the coils 11 and 12, between 12 and 13, and 
between 13 and 14; but between the coils 10 
and 11 and between the coils 14 and 15 I 
use insulating materials. of a higher specific 
inductive capacity than between the other 
coils. Thus between coils 10 and 11 and 
between coils 14 and 15 I use two layers of 
oil (two oil ducts) separated by a collar 
20 (or 24) of mica and between each other 
two adjacent coils. I use two layers of oil 
separated by a collar of pressboard. And 
by properly choosing the thicknesses or 
widths of the oil layers and the thicknesses 
or widths of the collars, I am able to secure 
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substantially the same capacitance between 
coils 10 and 11 as between coils 11 and 12 
and likewise between every other two ad 
jacent coils. The relative thicknesses or 
widths of the different layers of insulating 
materials to secure this result are readily 
determinable by anyone skilled in the art. 
The absolute thicknesses must, of course, be 
sufficient to secure at least the required in 
sulation strength between every two adjacent 
coils; the absolute thicknesses are likewise 
readily determinable by those skilled in the 
art. the purpose of illustration, I may 
point out that the following relative thick 
nesses of the different layers of insulating 
material indicated in the drawing give sub 
stantially, although not exactly, equal 
capacitance between the coils illustrated, 
assuming that the specific inductive capaci 
ties for these materials are those heretofore 
indicated and assuming also that the diam 
eters of the disc coils are all alike as shown 
in the drawing. Assuming as a basis that 
the thickness or width of the mica collar 20 
is 1, then the thickness or width of the mica 
collar 24 is likewise 1; the width of the oil 
space between the collar 20 and the coil 10 
is ; the width of the oil space between the 
collar 20 and the coil 11 is also ; the width 
of the oil space between the coil 11 and the 
collar 21 is ; the width or thickness of 
the pressboard collar 21 is g; the width of 
the oil space between the collar 21 and the 
coil 12 is ; the widths or thicknesses of 
the oil spaces and pressboard collars between 
coils 12 and 13 and between coils 13 and 14 
are respectively like those between coils 11 
and 12; and the width or thickness of each 
of the two oil spaces between coils 14 and 
15 is like that of each oil space between 
coils 10 and 11, namely . It will be under 
stood that these values are relative values 
only and not absolute values. In arriving 
at these relative widths or thicknesses, it 
will be observed that the solid insulation 
about each coil has been given no considera 
tion. Whether in any case this material 
must be taken into consideration is depend 
ent on whether it materially affects the dis 
tribution of capacitances. 
The absolute thicknesses of the insulating 

layers may be anything so long as they bear 
the same relation to each other as these 
numbers, and the absolute thicknesses will 
be determined by the other considerations, 
such, for example, as the insulation strength 
(or puncture voltage) required between 
coils. That is, sufficient mica and oil must 

placed between coils 10 and 11 to sus 
tain their anticipated difference of poten 
tial, and likewise sufficient pressboard and 
oil must be placed between coils 11 and 12 
to sustain their anticipated difference of po 
tential; every other two coils of the winding 
illustrated being assumed to be related like 

10 and 11 or 11 and 12, it is unnecessary to 
refer to them individually. 

It will be seen that the high voltage wind 
ing of the transformer of the drawing has 
its capacitance between coils, in this instance 
the distinctive major parts of the winding, 
substantially uniformly distributed through 
out the winding. How my invention may 
be applied to other forms of windings, and 
to other devices, will be understood by those 
skilled in the art from what has gone before. 
It will be understood, accordingly, that my 
invention is not limited to the transformer 
or high voltage winding illustrated in the 
drawing and described above, but that this 
embodiment of my invention is merely illus 
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trative and that my invention is set forth' 
in the following claims. 
What I claim as new and desire to se 

cure by Letters Patent of the United States, 
ls 

1. An electrical winding comprising a 
plurality of coils spaced different distances 
apart, and insulating means for insulating 
said coils from each other disposed in the 
spaces between the coils, said insulating 
means having specific inductive capacities 
and dimensions selected and proportioned 
to maintain equal capacitance effects be 
tween any pair of adjacent coils. 

2. An electrical winding comprising a 
plurality of coils spaced different distances 
apart and adapted to be submerged in an 
oil insulating medium, and insulating collars 
disposed in the spaces between the coils; 
said collars being arranged and graded in 
specific inductive capacity and dimensions. 
both with respect to the degree of space 
between coils and the resulting permittivi 
ties of their respective spaces when filled 
with oil whereby the capacitance of each 
pair of adjacent coils is made substantially 
equal. 

3. An electrical winding comprising a plu 

85 

90 

95 

100 

05 

rality of coils spaced different distances 110 
apart, a cooling and insulating medium 
surrounding said coils, and iii. col 
lars disposed in fixed space relation be 
tween the coils; said collars being arranged 
and graded in specific inductive capacity 
and dimensions both with respect to the 
distance between coils and the resulting per 
mittivities of their respective spaces whereby 
the capacitance of each pair of adjacent coils 
is made substantially uniform throughout 
the winding. 

4. An encased electrical apparatus com 
prising a magnetic core, a high voltage 
winding adapted to be submerged in a 
fluid insulating medium and composed of 
coils disposed in spaced relation on said 
core, the spaces, between coils varying 
throughout the winding, and solid insiilat 
ing material interposed in said spages; said 
material being graded in specific inductive 
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capacity and dimensions both with respect 
to the resulting permittivity and the dis 
tance between coils of the respective spaces 
occupied by it whereby substantially to 
equalize the respective capacitances be 
tween coils throughout the winding. 

5. An encased electrical apparatus com 
prising a magnetic core, high and low volt 
age windings, respectively disposed on said 
core, said high voltage winding being com 
posed of coils spaced different distances 
apart and adapted to be submerged in a 
cooling insulating fluid, and insulating col 
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lars of different thicknesses disposed in fixed 
space relation between the coils; the thick 
ness of said collars and the nature of their 
material being proportioned and graded for 
their respective spaces with reference both 
to the distance between coils and their spe 
cific inductive capacities whereby the capaci 
tances of each pair of adjacent coils is 
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made substantially uniform throughout the 
high voltage winding. 

In witness whereof, I have hereunto set 
my hand this seventh day of March 1919. 25 

GIUSEPPE FACCIOLI. 
  


