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PATENT OFFICE.

BAMUEL HOBmICK, OF PiT’fSBURGH, PENNSYLVANIA, ASSIGNOR TO PITTSBUBGH
TRANSFORMER COMPANY, A CORPORATION OF PENNSYLVANIA,

| TRANSFORMER.

Application filed July 21,

To allwhom it may concern »
- Be it known that I, SayuerL HoreLick, a
citizen of the United States, residing at
Pittsburgh, in'the county of Allegheny and
State of Pennsylvania, have inventea cer-
tain new and useful lmprovements in Trans-
formers, of which the following is.a specifi-
cation. :
This invention relates to electric trans-
formers and particularly to the construction
of the coils and their relation to the core. -
In general, the object of my invention is
to provide an improved construction of

stransformer which will be adapted to with-

stand high voltages without breakdown or
loss in insulating properties with eontinued
use, reduce leakage of current or flashing
over between primary and secondary wind-

-ings, or to the core, to & minimum, and be

well ventilated and cooled with continuous
operation at full capacity.

My invention will be understood from the’
following description and accompanying

drawings, in which Fig. 1 is a horizontal
section of a core and coils of ‘a transformer
embodying my invention, Fig. 2 is a front
view of the sume, Fig. 3 is an enlarged verti-
cal section on the line 3—3 of Fig. 1, with
the lower part of the coils broken away, Fig.
4 is an enlarged perspective view of a top
portion of the insulating and ventilating
means between the windings; and Fig. 5 is
an enlarged central vertical cross section
through the core and coils in a plane paral-
lel with the lamine, ,
Referring to Figs. 1 and 2, the laminated

.core 1 has a vertical central leg 1* and ont-
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side legs 1* and upper and lower connecting
portions 1°, forming a core of the double
magnetic circuit type.” The coil is ellip-
tically shaped and surrounds the middle leg
1%, the latter preferably being so shaped as
to conform in general outline to the interior
surface of the coil 2. as shown in Fig. 1.
The transformer is of the type adapted to be.
immersed in oil in a tank, and the coil is
provided with vertical passages between its

arts so as to facilitate cooline of the coils
] g

and core by continudus eirculation of the oil
upwardly through the passages and down-
wardly at the outside of the transformer
and adjacent to the interior walls of the en-
closing tank. . '
Referring to ¥ig. 8. and beginnine at the
left-hand portion of the figure, there is

1821. B8erial Ro. 486,836.

shown a protective and insulating sheet of
insulating material 8% such as insulating
fiber board or press board, extending around
the central leg of the core and forming an
clliptical inner cylinder. Adjacent thereto
is a series of insulating strips 4! extendin
vertically the height of the coil and spacec
from each other =0 as to provide a series of
spaces for the upward passage of the circu-

lating and cooling medium. Around these
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spaced strips is a winding 5* forming a por- '

tion of the low tension winding. The.con-

ductors of this winding are preferably of"

square or rectangular cross section and each
turn is suitably insulated from the adjacent
turn by an insulating coating or by being
wound by a cord of rope so that a large por-
tion of the condyctor is directly exposed tc

70

the cooling medium. Each turn may. be

made of a single conductor or several bound
and wound together..: Outside the winding
5* is another series of vertical insulating
strips 4% spaced from each other, similar to
the strips 4. Outside these strips is another

enveloping elliptical shaped cylinder 8!, sim-

ilar to the sheet 3* and this is followec in
turn by a series of spaced insulating str:ps
4!, 4% 4® and 45, having interposed between
them the insulating sheets 3!, 3%, and 3s. ,
Around the strips 4% is wound a section 6°
of the high tension winding of the coil, the
turns of which are of course insulated from
each other and may be formed of a single
conductor or grouped conductors to suit the
particular requirements. Qutside {his sec-
tion of the high tension winding is another
enveloping sheet 3%, then another series of in-
sulating strips 41, and theén another section 6
of the high tension winding. Outside this
section is an enveloping sheet 8° and then a
series of spaced strips 4¢, 49, 4, 4* and 4* with
intervening sheets 8¢, 8°, 8> and 3*. ‘Around
the strips 4* is another section 5 of the low

. tension winding, outside of which are spaced

insulating strips 4 and an enveloping sheet 3.

At the upper ends of the sections of the
low tension windings, and between the upper
ends of the insulating strips 4 and 4* and
between strips 4% and 4, are located: solid
insulating packing strips, or strips of insu-
lating press-hoard 7, 7. These strips extend
continnously around at the upper end of vhe
coil and protect and insulate the upper ends
of the low tension windings. The upper
ends of the high rension sections of the
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v?indin%s aire;'locatéd a much greater distance
mward y from the ends of the coil structure,

‘10

and the 1nsulating packing strips 70, 7¢, 79, Te,

7t and 7% are located beyond the.end of the
high tension windings and extend circum-
ferentially around and are held in place and
located between the vertical insulating spac-
ing strips and the insulating sheets already
described. Asshown in Fig. 3, the strips 7%,

7¢'and 7¢ are spaced axially from each other,’

leaving circumferentially extending pas-
'sages 8, 8%, and likewise between the strips
7e, 7' and 7% are simjlar passages 8° and 8¢,

As regards the vertically extending spac-

3 ing strips 4 'to 4!, it will be seen that the se-

* ries of these strips between the high tension

windings and the low tension windings do
not all extend to the end of the coil struc-
‘ture, and léave a space beyond their ends,

.20 so as to form a long creepage or discharge
- path between the ends of the high tension

" windings and the low tension windings. But
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b

St

instead -of all of the vertical strips between
two insulating sheets being all shortened at
one end, or extending completely to the end
. of the coil structure, they are altérnately ar-
ranged short and long. This will be better
_understood from Fig. 4, which shows the up-
per end portions of the sheets 3%, 3% and 3!
having the intervening strips 4% 4' and 4,
It will be seen that every other strip 4
-for example, extends to the top of the coil
structure and the ends of the intervening
strips are considerably below the top of the
coil structure. Similarly the otherstrips are
thus arranged so that the leakage path in
“any direction between the high tension and
low tension windings is greatly increased
over what it would be if all of the vertical
insulating strips extended . to the end of the
coil structure. Moreover the alternate- ar-
rangement of any one set of strips, being ar-
ranged- so that they oppose the reversely
arranged strips in the next groip, result in
the insulating sheets bLeing held firmly. in
"position and prevent their curling or hend-
ing over in:the continued use of the trans-
former and thus the cooling and ventilating
passages are maintained open and clear at
all times, while at the same time obtaining a
much greater protection from leakage or dis-
charge between the ends of the high tension
and low tension windings. - . -

It will be understood of course that the
lower end of the coil structure-is similarly
-constructed. The vertical insulating strips
may be all made of the same length if desir-
ed, and displaced as above described, so that
a strip which extends the full distance to the
top of the coil structure will be inwardly
displaced at the lower end and vice versa.
The core structure is built up by first placing
the sheet 3% on a mandril and then succes.
sively applying the strips, windings, insulat:
_ing sheets and packing strips until the whole

1,452,168

structure is finally built up as above de:

'Scl'ibed'. * . -
The complete coil is then heated and may
be placed in a vacuum thoroughly drying the

unit throughout all its parts and is then 7

-treated with liquid varnish or other suitable
material while still subjected to the vacuum
and the structure thus becomes thoroughly
impregnated with the insulating liquid, pres-
sure being added. to increase the penetration.

. The coil structure is then drained and heat-
ed in‘ the presence of air and thoroughly

75

dried until the liquid insulating material is -

hardened, giving a final structure which is
thoroughly bound together, strong and dur-
able and highly insulated throughout all its
parts. Moreover, all the surfaces are coated
with the hardened insulating liquid giving
“very smooth surfaces and forming fillets in

giving smooth surfaces for the easy and

frec pussage of the oil through all the ven-

_ tilating surfaces and permanence of struc-

ture, but also greatly decreases the leakage’

or tendency to discharge between the ends
of the windings. Also when the transformer
is immersed in’oil in its containing tank, it
will be seen that there are located at the ends
of the high tension windings hetween the se-
ries-of packing strips 7° to 7¢ the oil pockets
8 to 8°. S

It is apparent that by the means of my in-
vention there is not only provided a long
creepage distance between the ends of the
high tension dnd low tension windings, but
also a number of solid insulating sections
and oil filled spaces in successive sequence
therewith. : :

The above description and drawings illus-
trate one embodiment of my invention, but
the structure may be varied without depart-
ing from the scope thereof; also the wind-
ings may be grouped differently or differ-
ently located with reference to each other
and the number and relationship of the in-
snlating sheets and spacing strips may be
varied and differently proportioned to suit
the requirements of any particular case.

I claim :— :

1. A transformer coil comprising wind-
ings, circumferentially extending sheets of
insulating material hetween portions of said
windings, and axially extending insulatin
strips spaced from each other between sai
sheets and windings, certain of said strips
extending nearer the end of the coil strue-
ture than other intermediate strips.

2. A_transformer coil comprising wind-
ings, circumferentially exten ing sheets of
insulating material between portions of said
windings, and axially extending insulating

all ‘the corners.. This results not only in -
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strips spaced from each other between said

sheets and windings, certain of said strips
extending nearer the end of the coil struc-
ture than other-intermediate strips as. re-

130
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gards the path between .portions of the
3. A transformer coil comprising wind-
ings, circumferéntially extending sheets of
insulating material between portions of ‘said
windings, and axially extending insulatin

- strips spaced from each other between sai
- sheets and windings, certain of said strips
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extending nearer the end of the coil struc-

ture than other intermediate strips as re-

gards the circumferential direction between
windings. . .

4. A transformer coil comprising wind-
ings, circumferentially extending sheets of
insulating material between portions of said
windings, and axially extending insulating
strips spaced from .each other between said’
sheets and windings, certain. of said strips
extending nearer the end of the coil struc-

:ture than other intermediate strips as re-
gards the path between portions of the wind-

ings and also as regards the circumfere:tidl
direction between windings.

5. A transformer coil comprising wind-
ings, axislly extendinf insulating strips be-
tween portions of satd windings, circumf8r-
entially extending strips spaced from each
other and located at the end of a portion of
said windings and having spaces between
said  circumferentially extending strips
communicating with spaces between the axi-
ally extending strips.

a

6. A transformer coil comprising wind-
ings, axially extending insulating strips be-
tween portions of said. windings, circumfer-
entially extending strips spaced from each
other and located at the end of a portion of

said windings and having spaces between.

said circumferentially extending strips com-

‘municating with spaces between the axially

extending strips and a hardened insulating
coating covering the walls of the spaces.
7. A transformer coil comprising wind-
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ings, sheets of insulating material between -

portions of said windings, axially extending:

insulating strips spaced from each other and
between said sheets and windings, and cir-
cumferentially extending insulating strips
spaced from each other at the end of at leéast
a portion of said windings. '

8. A transformer coil comprising wind-
ings, insulating sheets between portions of
sald windings, axially extending insulating
strips spaced from each other and between
said portions of said windings and said
sheets, and circumferentially extending in-
sulating strips spaced from each other at
the enc% of at least a portion of said wind-
ings, certain of said axially extending strips
extending to the end of the structure and in-
tervening strips terminating at a distance
within the end of the structure. -

* SAMUEL HORELICK.
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