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UNITED STATES

1,912,389

PATENT OFFICE

FRANKLIN S. SMITH, OF BROOKLYN, NEW YORK

TRANSFORMER CONSTRUCTION AND ART OF PRODUCING THE SAME

_Application filed January 26, 1931, Serial No. 511,307,

. —'This “invention relates “to transformers
construction and to the art of producing the
same. :

One of the objects of this invention is to

5 provide a transformer construction capable
of operation at relatively high potentials,
having a high efficiency of operation, and
capable of effecting a regulation much bet-
ter than has heretofore been possible to
10 ,chieve. Another object of this invention
is to provide a transformer eonstruction in
which inefficient- flux densities in the iron
magnetic circuit may be avoided without
impairment of other advantages. Another

5 object is to provide a transformer construc-
tion of short mean length of winding turn
and short magnetic cirevit’ with more com-
pactness of construction, lighter weight,
greater efficiency of insulation, and lower

20 cost of production. Another object is to
provide a transformer construction in which
a high degree of closeness of inter-linkage of
the magnetic circuit with the windings may
be achieved in order thereby to greatly im-

25 prove the regulation of the transformer.
Another object is to provide a-transformer
construction of the above-mentioned nature
for achieving such objects as those noted
above but without restricting or limiting

30 yunduly thé potentials. which may be em-
ployed. Another object is to achieve a
~~ transformer construction in which a high
efficiency of insulation may be achieved with

a lowering of the electro static capacity

38 \ithout complicating the construction and
without increasing the cost of manufacture,
and to achieve a construction by which
rapid assembly and manufacture may be
carried on. . Another object of this inven-
tion is to provide u method of constructing
and winding transformers which may be

~ readily and inexpensively carried on in
practice and with thoroughly dependable re-
sults. Other objects will be in part obvious
or in part pointed out hereinafter. .
The invention accordingly consists in the
features of construction, combinations of
elements, arrangements of parts and in the
several steps and relation and order of each

0 of the same to one or more of the others all

as will be illustratively described herein,
and the scope of the application of which

*will be indicated in the following claims,

_ In the accompanying drawings, in which

is shown an illustrative embodiment of the o5
mechanical features of my invention,

" Figure 1 is a vertical sectional view of a
complete transformer; '

Figure 2 is a front elevation of the com-
pletely assembled transformer, portions of 00
the casing or tank being broken away to
show certain features of the interior con-
struction more clearly;

Figure 3 is a sectional-view as seen along
the line 3—3 of Figure 2;

Figure 4 is a diagrammatic view showing
the relation of the sections of the high ten-
sion winding to the core and shows diagram-
matically a preferred embodiment of the
connection of these sections;

Figure 5 is a perspective view on a smaller .
scale of a portion of the magnetic circuit of
the transformer, and specifically is a per-
spective view of a leg of the transformer
core in one stage of the construction of the
transformer, and

Figure 6 is a perspective view of one of
the coil supports. :

Similar reference characters refer to simi-
lar parts throughout the several views of the
drawings. ;

Referring now to the drawings and more
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‘particularly to Figure 1, I have provided a

transformer core indicated generally at 10 g
and illustratively of the shell type; prefer-
ably this core 10 comprises a middle leg 11
about which the windings are received and
preferably two end legs 12 and 13 spaced
horizontally therefrom. These legs "are 90
inter-connected at their upper and lower
ends by the horizontal members generally
indicated at 14 and 15, thereby forming two
core windws generally indicated at 16 and
17. Tt will be understood that, while I have 95
illustrated only two outer core legs 12 @nd
13, the shell type of transformer core may
be embodied to have, for example, four outer
core legs, if desired, with corresponding

upper and lower cross-members to inter-con- 190
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nect magnetically the various outer core legs

with the middle or central core leg 11.

10

15

The transformer core 10 is made up-of
sheet metal laminations but the sheet metal
strips of which the middle leg 11 is made are
shaped so that they are narrower at sub-
stantially their central portion than at their
outer end portions, the intervening portions
being of progressively greater width as the
respective end portions are approached.
The shape thus given the laminations of
which the core mémber 11 is made is well
indicated in Figure 1, and the resultant ta-
pering upwardly and downwardy from the
center of the width of the laminations and

" hence in the thickness of the core member
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11, as viewed in Figure 1, is preferably such
that the shape of the individual laminations
is defined by straight lines, thereby making
it feasible to rapidly shear or stamp the
laminations to the desired shape.

The outer core legs 12 and 13 are also
made up of sheet metal laminations and
these are preferably shaped substantially as
indicated in either Figures 1 or 4, it being
noted that the outer side edges of these mem-
brs are straight, while the inner edges, that
is, the edges that face toward the middle
core leg 11, are tapered both in an upward
and downward direction from substantially
the midpoint thereof and to a degree com-
mensurate with the tapering which is given
the middle core leg ll.ru%is tapering of
the laminations of the core legs 12 and 13
is also preferably a straight line taper so
that the laminations may be rapidly and in-
expensively sheared or stamped with sinex-
pensive tools. The upper and lower cross-
members 14 and 15 are made up of lamina-
tions substantially rectangular in shape,
it being understood that the laminations of
all of the several core parts, formed and
shaped as.above described, may be assembled
in the usual manner of assembling a lami-

' nated transformer core so that existing facil-

ities for manufacture may thus be made use
of in constructing the transformer core em-
bodying the features of my invention. The
assembled laminations may be clamped to-
gether in any suitable manner and prefer-
ably are clamped together by the vertically

“extending pairs of angle irons more clearly

shown iri Kigure 3; thus, the angle irons 18
and 19 may clamp together the left-hand

> end of the core 10 and the angle irons 20 and

21, also extending vertically, may clamp to-
ther the right-hand portion of the trans-
ormer core 10. Suitable bolts may be used
to co-act with these angle irons to securely
clamp the parts of the core together.

The horizontal dimension of the core 10,
as viewed in Figure 1, is preferably such
that the core 10 may be snugly received
within a tank or container 22, preferably
cylindrical, and of appropriate length in a.
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vertical direction. Moreover, the clamping
angle irons 18, 19, 20 and 21 are preferably
of such a.length, as will be clearly seen from
Figure 1, that they may be snugly received
between the bottom and top members of
the tank 22, the transformer core and its
assoclated parts carried thereby, and to be

more clearly described hereinafter, being.

thus snugly housed and held within the tank
22. More specifically, the top or closing
member 23 of the tank 22 will be seen to
have its peripheral edge portion inserted into
the upper peripheral rim portion 24 of the
container 22 and is made to rest upon the
upper ends of the vertically extending
clamping angle irons. The peripheral edge
portion 24 of the container 92 is thereupon
bent inwardly and substantially over and
upon the closure member 23 of the tank, and
the two parts welded together, as is indi-
cated at 25, whereby the casing 22 is her-
metically sealed, for a purpose to be more

clearly described hereinafter. By this con--
struction, it will be seen that the transformer

core and its associated parts are securely
housed and held within the container 22.
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The various portions of the core 10 may .

be of cruciform cross-section and this is
preferably the case with respect to the mid-
dle leg 11 about which the windings are re-
ceived. In Figure 5 I have illustrated in
perspective the double tapered and modified
cruciformed core leg 11 as it is, in accord-
ance ‘with my invention, first assembled pre-

liminary to its association and assembly.

with the remaining core members herein-
above described, with the laminations of
which its own laminations are inter-leaved,
as will be understood by those skilled in the
art. After the laminations of the core leg
11 are first assembled in. the form shown in
Figure 5, they are clamped together in any
suitable manner and the ‘assembled core leg
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11 is then mounted to be rotated about its -

longitudinal axis by any suitable means, for
example, in a lathe and, while being rotated,
I wind thereupon and throughout a range
extending substantially between the points
A and B of Figure 5, a cord or a tape, such
as jute or cotton which is impregnated with
uncured phenolic  condensation. product.
This winding of the thus impregnated yarn,
in one or more layers, provides a covering
for the core 11 which will follow the general
double tapered contour of the core 11. The
core 11 with the wound and impregnated
cord thereon is then placed in a bakelizer
or appropriate vessel 1n which it is prefer-
ably subjected to an air pressure of from
100 to 200 pounds per square-inch and si-
multaneouslyheated to about 150° centigrade ;
this treatment is continued for a period of
about twenty minutes and upon its comple-
tion, the phenolic condensation product with
which the jute or yarn is impregnated is
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cured and forms a substantially rigid and
solid tube-like covering for the irregularly

shaped core leg 11, and has an appearance

" and physical properties closely analogous to
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laminated bakelite as the latter is commonly

known. - :

Upon this rigid covering, indicated at 26
in Figure 1, which will thus be seen to have
also excellent dielectric properties, there is

then wound the low tension-winding in one.

or more layers, and in Figure 1 this winding

is indicated at.27 as being wound in a single

layer. The winding 27 will thus be seen to
be given a contour substantially identical
with that of the core leg 11 and will, fur-
thermore, be seen to be not only well insul-
ated from the core 11 by the intervening di-
electric covering 26, but also supported and
protected by the covering 26 against the
otherwise sharp coriers or edges of the cru-
ciformed core leg 11 (see Figure 5).

With the core 11 thus prepared and with
the low tension winding 27 thereabout, it
may. now be assembled with respect to the
remaining portions of the transformer core
10 and also with respect to the high tension
winding. '

“The high tension winding consists of an
appropriate number of coil sections, all of
which are preferably of identical dimensions
when viewed as shown in Figure-3; pref-
erably these coil sections are annular.in
shape, as will be clear from both Figures
1 and 3, and when placed about the core leg
11, which, as will be clear from the fore-
going, has its longitudinal axis substantially

‘coincident with the axis of the cylindrical

tank 22, will thus be substantially concen-
trically positioned within and with respect
to the tank 22, ‘ :

Preferably, also, these coil sections of the
high tension winding are of substantially
the same number of turns in order that
there be effective at each substantially the
same voltage, but certain buffer coils, to be
more clearly described hereinafter, are-pref-

erably of a lesser number of turns and eni-

body turn and/or -layer insulation greater
than in the remaining coil sections.

The coil sections, generally indicated in
Figure 1 at C, are supported about a sub-
stantially cylindrical sleeve 28 made of solid
dielectric material, such as bakelized paper
for example, this sleeve 28 having a length
sufficient to be snugly received between the

upper and lower cross-members 14 and 15 of-

the transformer core 10, and has an inside
diameter sufficient to permit the sleeve or
tube 28 to be slid over the core leg 11 and to
provide a relatively small annular space be-

“tween its upper and lower ends and the

upper and lower ends respectively of the low
tension winding 27, the latter being, as will
be clear from Figure 1, of greatest lateral

65 dimension or diameter at its upper and lower

3

‘ends. The coil sections C may be separately

wound and thereupon assembled about the
sleeve 28, or they may be directly wound
about the sleeve 28 and assembled with re-
spect to the transformer core as a single unit
with the sleevé or tube 28 itself. '
Each coil section is wound between or
positioned between two annular members of
solid dielectric material, such as bakelite,
and as typical of this preferred construction,

it might be pointed out that above and be-

low each coil section C of Figure 1, there
are provided the washer-like members 29
and 30. Each coil section C, with its respec-
tive confining members 29 and 30 of solid
dielectric material, is spaced from an ad-
jacent and similar coil section by spacing
members, indicated at S in Figure 1, which
extend radially (see Fig. 3) and which are
preferably of tubular cross-section. The
purpose and functioning of these spacing
members S will be more clearly set forth
hereinafter. .

The uppermost and lowermost coil sections
as ‘indicated in Figure 1, may conveniently
be insulated from the upper and lower cross-
members 14 and 15 of the transformer core
10 by simply the confining.annular solid
dielectric members respectively at the outer-
most faces of these end coils, and in order
to form a rigid support for the stack of high
tension. coil sections, there are attached to
the upper and lower cross-members 14 and
15 of the core, two members 31 and 32 re-
spectively, and preferably made of a non-
magnetic material, such as brass, for ex-
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ample. In Figure 6, I have illustrated the -

member 31, to which the lower member 32

is identical, in perspective, and it will be"

seen to include a disk-like portion 33 adapt-
ed to rest upon the outer face of the end
member 14 so that the two spaced depend-
ing portions 34 and 35 thereof, each sub-

stantially in the shagm of a segment of a-

circle, will project downwardly on either
side of the cross-member 14 of the core, and
in a direction toward the stack of high ten-
sion coil sections. The depending portions
34 and 35 of the member 31 are of such a
length so that their lower faces fall into
substantially the same plane with the under-
face of the cross-member 14 of the core 10,

.and against which latter face the stack of’

coil sections abuts. Any suitable means may
be used to secure the members 31 and 32 to
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the transformer core. Thus, the stack of -

- high tension coil sections may be well sup-

ported substantially throughout their en-
tire peripheral extent not only against their
own weight but also against any mechanical
stresses that may be set up by reason of any
electrical phenomena due to current changes
through the windings.

The outer diameter of the coil sections C
(see Figure 1) is, as has already been noted,
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substantially the same for all of the coil sec-
tions so that the peripheral faces or edges
of the coils C are in substantial alinement
and successive coil sections will be seen to.
be progressively spaced in a lateral direction
both from the outer core legs 12 and 13 and
from the middle core leg 11 with its low
tension winding 27, but at progressively
varying distances. The inside diameter of
the coil section C is also preferably the same
for all of the coil sections, thus making it
possible to greatly simplify manufacture in
that all of the coil sections are of substan-
tially the same dimension.

The coil sections G are interconnected in
a manner so that the average potential of
any one coil section is substantially propor-
tional to its spacing in a lateral direction

from the primary winding 27 and the mid-.

dle core leg 11 on the one hand and from
the outer core legs 1213 on the other hand,
and in order to illustrate this preferred mode
of interconnection of the coils, it will be as-
sumed that the end coil C* is a buffer coil
like one of those above-mentioned and is
grounded and is wound with extra turn
and/or layer insulation and has sufficient
turns to have induced therein a voltage of
7,000 volts, assuming the low tension wind-
ing to be wound for 100 volts, and that the
middle or high voltage buffer coil C'* (see
now Fig. 4) is wound to have sufficient turns
to have induced therein a voltage of 3,000
volts. Let it further be assumed that, in-
termediate of the upper coil C? and the high
voltage buffer coil C** there are four coil
sections C¢, C®, (%, and C%, each having
sufficient turns to permit of the application
to each of a potential of 10,000 volts or to
have induced therein, for a low voltage wind-
ing voltage of 100 volts, a voltage of 10,000
volts. Intermediate of the lower buffer coil
Ct and the high voltage buffer coil C** there
are likewise four coils C3, C° C7 and C°,
each wound for 10,000 volts.

Referring again to Figure 4, one terminal
of the buffer coil C! is grounded to the trans-
former core or to the steel casing 23, as is
diagrammatically indicated at 36, the disk
30 of solid dielectric material that is inter-
poséd between the coil C* and the transverse
member 15 of the core and the supporting
member 31 being of sufficient thickness
safely to insulate this buffer coil from the
cross member 15 of the core. The terminal
37 of the coil C, this terminal being, in
operation of the transformer, at a poten-
tial of about 7,000 volts, is connected by
a conductor 38, supported in a manner here-
inafter described, to the upper or lower
voltage terminal 39 of the upper coil C?,
the solid dielectric member 29 interposed
between the coil C* and the upper cross
member 14 of the core and the support-
ing member. 31 being of sufficient thick-

1,012,380

ness safely to insulate the section C* from

these parts for at least a voltage of 17,000

volts.  Though the coil C* is a 10,000-
volt coil, its other terminal 40 will be at
a potential of 17,000 volts and this terminal
is connected by conductor 41 to the lower
voltage terminal 42 of the 10,000-volt, coil
C2. The higher voltage terminal 43, now
at a potential of 27,000 volts, is con-
nected by conductor 44 to the uppermost ter-
minal 45 of the 10,000-volt coil C*. The ter-
nminal 46 of the latter coil, at a potential
of 37,000 volts is connected by conductor 47
to the lower voltage terminal 48 of the
10,000-volt coil C*. ,

The other terminal 49 now at a potential
of 47,000 volts, is connected’ by conductor
50 to terminal 51 of an upper coil section
C¢ whose other terminal 52, now at a poten-
tial of 57,000 volts, is connected by conductor
53 to the terminal 54 of a lower coil C".

The other terminal 55 of coil C7, at a
potential of 67,000 volts, is connected by
conductor 56 to terminal 57 of an upper
coil C#, the other terminal 58 of which, now
at a potential of T7,000 volts, is connected
by conductor 59 to terminal 60 of a lower
coil C°.

The other terminal 61, now at a potential
of 87,000 volts, is connected by conductor
62 to the terminal 63 of an upper coil C*°

whose other terminal 64, at a potential of

97,000 volts, is connected to the terminals
65 of the high voltage buffer coil C*, the

other terminal 66 of which, now at a poten--
-tial of 100,000 volts, is connected by con-

ductor 67 to the outlet conductor 68 of a

suitable high voltage terminal generally in-_

dicated at 69.

Referring again to Figure 4, and bearing
in mind the manner of connecting the dif-
ferent coil sections as immediately above out-

lined in detail, it will be noted that the coil.

connections are such that, considering the
high tension winding as a whole, the end
sections or coils (C* and C?) of the wind-
ing which are closely adjacent the core cross
members (14 and 15) and which rest in
the narrowest end portions in the core win-
dows 16 and 17 are relatively the lowest
voltage coil sections of the winding; from
these end coils or end sections, the poten-
tial gradient of the winding increases sub-
stantially -in proportion as the width of the
core windings 16 and 17 increases, termin-
ating in the buffer coil C** which is centrally
positioned and hence is positioned in the
widest portions of the core windows and
which, though the potential across its ter-
minals 65 and 66 is only 3,000 volts, is at
a potential, with respect to the core and low
tension winding, of substantially 97,000 to
100,000 volts. '

The low tension winding 27 (see also Fig.
1) conforms to the shape of the middle core
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leg 11 and will be seen to be spaced awa(miy'
from the sections of the high tension wind-
ing by distances that are substantially pro-
portional to the relative potentials of the

‘coil sections of the high tension winding.

As above noted, the tank or casing 22 is
hermetically sealed and it contains a suit-
able gas under pressure, such as nitrogen
under a pressure on the order of fifteen at-
mospheres; preferably, where there ave sub-
stantial heat losses to be dissipated, the gas
under pressure comprises a mixture of nitro-
gen and helium, the helium having greater
thermal conductivity than the nitrogen,
This gas under pressure fills the spaces be-
tween_ the coil sections above-described, the

" solid dielectric material, the low tension
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winding, and the core portion and I am en-

abled, by the coaction of this gaseous dielec-

tric under pressure with such featurcs as
those above described, to achieve many thor-

oughly practical advantages. For example,-

because of the high dielectric strength of the
above-mentioned illustrative gaseous dielec-
trics, I am enabled to make the core windows
16 and 17 of much smaller dimensions than
would otherwise be possible. Thus the spac-

.ing from the core legs 12 and 13 of the outer

peripheral portions of the coil sections G

may be considerably lessened while the spac--

ing between the inner peripheries of the
almed coil sections C and the low tension
winding 27 or even also the middle core leg
may be still further diminished by the unique
coaction of this gaseous dielectric with cer-
tain solid dielectric material already above
described. For example, referring to Fig-
ure 1, the space between the inner periph-
eries of the coll sections C and the low ten-
sion winding 27, varying as it does in width
in accordance with the potentials along the
high tension winding, will be seen to be oc-
cupied by a layer of solid dielectric mate-
rial, made up of the solid dielectric sleeve
28, and a layer of gaseous dielectric under
pressure which fills the space between the
sleeve 28 and the low tension winding 27,
These two dielectrics will be seen to be in

series in the field of the potential difference -

or differences existing between any coil sec-

" tion and the low tension winding. The

permittivity of the solid dielectric material,

. where it is of bakelite, is 5 or above, while
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the permittivity of the gaseous dielectric un-
der pressure is 1. These dielectrics, in series,
distribute the potential stress between a coil
section and the low tension winding inverse-
ly as their permittivities and because of this
high ratio of permittivities and of the high
dielectric strength of the gaseous dielectric,
T am enabled to make the solid dielectric of
minimum thickness and the over-all spacing
vastly smaller than would otherwise be pos-
sible. Moreover, I am enabled, due to such
features as those above-mentioned, to sim-

S

plify the manufacture and minimize the ex-
pense by making it possible to maintain a
uniform thickness of solid dielectric mate-
rial in the sleeve 28, as the potential gradi-
ent along the inner periphery of the high
tension winding with-respect to the low ten-

sion winding 27, is substantially uniform..

Considering briefly the insulation of the high
tension coil sections from the middle core

leg 11, it will be noted that the solid dielec-.

tric material 26 and 28 (see Fig. 1) and the
intervening space of gaseous dielectric un-
der pressure are in series with each other.
Considering now certain other advantages
that I am able to achieve by reason of such
features as those above-mentioned, I might
note that the cross-sections of the core mem-
bers at the points indicated in Figure 1 at
E, F and G are such that there exists, at.
these portions, the maximum flux density
during the operation of the transformer.
If there are two outside core legs such as
the core legs 12 and 13, the cross section of
each core leg, as at E and G, respectively,
will be about one-half of the cross-section of
the middle core leg 11 at F; this fraction
will be one-quartér where there are four

core legs employed. In either case, how-:

ever, it, will be noted that the cross-sectional
area, due to the shaping of the core win-
dows 16 and 17, increases in both an upward
and downward direction from the points E,

F and G. The flux densities existing in-

these sections of greater cross-section will

therefore be lower and thus the iron losses-

are correspondingly diminished. Further-
more, the shaping of the core windows 16
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and 17, as above described, gives the core

such & conformation that the latter, assum-

ing the path of any single flux line, very
closely approaches that path and, consider- .
ing all of the flux lines, the core very closely

approximates the shape of the field of flux.

Flux or magnetic leakage is thus greatly:

minimized and a very highly efficient link-
age betweéen the low tension winding and
the high tension winding (or vice versa)
results, giving very close.ratio of transfor-
mation, ‘s feature of importance. particu--

larly when the apparatus is to be used as
“an instrument transformer.
tages, moreover, will be seen to be -achieved -
“without requiring very material departure-
from existing .or known methods of build--
In-
fact, the laminations may. be easily sheared -

These .advan-

ing up laminated transformer cores.

to the right shape and though certain of
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the laminations are other than rectangular .
or L-shaped (due to the above-described -

shaping of the core windows 16 and 17), the
method of assembly of the laminations may
proceed in the usual or the known way.
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As above described, spaced coil sections C '

are separated from each other by tubular
spacers S extending radially (see Fig. 3)
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and suitably distributed throughout the cir-
cular extent of thé individual coils; these
spacers S are made of a suitable solid dielec-
tric such as bakelite, and, in being tubular,
have not only a wvery high mechanical
strength, thus making it possible to use a
lesser number, but also coact in a unique
way with the gaseous dielectric under pres-
sure. In'this latter connection, it might be
noted that the possible leakage path from
one coil section to another by way of the
surface of a tubular separator S must be
around or along the curved exterior surface
of the separator and hence along a path
much in excess of the shorter straight line
distance between any two spaced adjacent
coil sections. Such excessively long possible
surface leakage path is, however, contacted
by the gaseous dielectric under pressure,
and, where that pressure is on the order of

fifteen atmospheres, it requires a voltage

many times in excess of that necessary to
cause actual surface leakage in the absence
of the gaseous dielectric under pressure.
Thus I am enabled in a simple and inexpen-
sive manner to more closely space the coil
sections while effectively minimizing the
possibility of surface leakage. Such closer
spacing of coil sections makes it possible
also to still further shorten up the magnetic
circuit.

Furthermore, any straight line drawn
through one of these separators and from
one coil section to another must pass
through both gaseous dielectric and solid
dielectric; hence these two dielectrics are
also in series in the field of highest voltage
gradient between adjacent coils and due to
this series relation 1 am able still further
to minimize the dimensions of the spacers S
and achieve a still further close spacing of
the coil sections C.

Secured by suitable brackets 70 (see Figs.
2 and 3) to the upper and lower cross mem-
bers of the transformer core are two diag-
onally extending members 71 and 72 (sec
Fig. 2) each made of solid dielectric ma-
terial such as laminated bakelite or the like.
These members 71 and 72 are held at their
upper and lower ends by the brackets 70

.which are dimensioned so as to hold the

- members 71 and 72 spaced laterally from the

stacked coil sections C (see Fig. 3) and to-

hold these members, moreover, along the
line of a chord of the circle represented by
the surrounding tank 22.

The conductors which connect the various
coil sections together and which have been
described in detail above in connection with
Figure 4 are preferably substantially U-

shaped and may conveniently take the form-

of copper rods or tubes of suitable cross-
section. These U-shaped conductors have
their legs passed through and supported by
these cross members 71 and 72 of solid die-
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lectric material and in Figure 2 these con-
necting conductors are shown extending
vertically but spaced laterally in the same
order in which they appear, reading left to
right, in Figure 4, and they appear, when
viewed from above in Figure 2, as shown in
Figure 3. Thus these U-shaped connecting
conductors appear in the order of conduc-
tors 41, 47, 53, 59, 67, 62, 56. 50, 44 and 38,
reading in a direction left to right in
Figure 3.

Tt will be noted, however, that the poten-
tial of these conductors, relative to the
transformer casing 22, increases in a direc-
tion reading from conductor 41 to the end
conductor 67 and from the conductor 38 to
the same end conductor 67, and that the
spacing of these conductors from the wall
of the casing 22 varies progressively with
the potential difference existing between the
conductors and the casing itself. By the use
of the gaseous dielectric under pressure, I
am enabled to make this spacing much
smaller than would otherwise be, the case.

Returning now to Figure 2, a further ad-
vantage of this distribution of the connect-
ing conductors may be pointed out. As
above pointed out, I am enabled to make
the spacing between adjacent coil sections
relatively small, due to a number of coact-
ing features which I have mentioned above.
However, the leakage path along the dielec-
tric supporting members 71 and 72 and be-
tween the points where these connecting
conductors pass through-the dielectric sup-
ports 71 and 72, due to the lateral displace-
ment of connecting conductors, is materially
greater than the actual spacing between any
two adjacent coil sections. For example
(comparing Figure 2 with Figure 4) the
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spacing between the coil terminal 37 of the -

lowermost buffer coil C' (this terminal 87
has been above-assumed to be at a potential
of 7,000 volts) vertically from the terminal
43 (at a potential of 27,000 volts) of the
coil section C* next to the buffer coil C! is
the same as the vertical spacing between the
two coil sections C* and C?, but the length

110

of the leakage path along the solid dielec-

tric member 72 and between these terminals
37 and 43 is materially greater than this
vertical spacing, due to the lateral displace-
ment of the connecting conductors. More-
over, the surface of the solid dielectric sup-
port 72 is contacted by this gaseous dielec-
tric under pressure and, due to this feature,
the lateral spacing between the connecting
conductors need not be as great as it would
have to be otherwise, for, as above pointed
out, the coaction of the gaseous diclectric
under pressure with the surface of a solid
dielectric, such as bakelite, is such that, to
effect surface leakage between two conduc-
tors, a very much greater voltage must exist

between these conductors than is necessary
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if the gaseous dielectric under pressure were
absent. Or, for a given potential corre-
sponding to which it is desired to prevent
surface leakage, a very much shorter spac-
ing of the conductors is possible where the
solid dielectric surface is contacted by the
gaseous dielectric under pressure than is
necessary with the use of solid dielectric
alone. This difference in the spacing where
the gaseous pressure is on the order of fifteen
atmospheres may be as high as one-tenth.

It might also [Ze pointed out that the spac-
ings of the high tension winding from the
low tension winding and from the vertically
extending core legs provide adequate chan-
nels for the convection currents of the
gaseous dielectric under pressure, the latter
taking up the heat losses and giving the
latter up to the walls of the. steel casing,
thus preventing undue temperature rises
during the.operation of the apparatus.

The compactness of arrangement of the

coil sections of the high tension winding .

with respect not only to each other but also
to the low tension winding and to the core,
made possible by the use of the gaseous

~ dielectric under pressure and particularly
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unless otherwise expressed in the following
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by the coaction thereof with solid dielectric
material, all as above pointed out, achieves
a further advantage of substantial practical
importance. In this connection, it might be
noted that the construction of the steel tank

or casing 22 that I prefer to employ is a-
‘pressed steel tank that is therefore seamless

excepting for the welded joint between the
casing and the cover member. A pressed
steel casing is far preferable to a casing of
other construction in view of its low cost, its
strength- and hence its adequate capacity
safely to withstand the high pressures to
which it is subjected by the gaseous dielec-
tric.. However, the diameter to which
pressed steel casings of this kind are com-
mercially made is limited but because of the

-above-mentioned compactness of arrange-

ment that I am enabled to achieve, I can still
operate within the confines of pressed steel
casing of a diameter now commercially
practicable. I wish it to be understood, how-
ever, that my invention is not to be limited,

claims, to a transformer encased in a pressed

steel casing for, in so far as many features

of my invention are concerned, I may use a
casing other than of pressed steel. v
" Tt will thus be seen that there has been pro-
vided in this invention an art and apparatus
in which the several objects hereinabove
noted, as well as many thoroughly practical
advantages, are successfully achieved. It

will be seen that the art is capable of being.

rapidly and inexpensively carried on in
practice and that the ‘apparatus lends itself
to rapid and inexpensive manufacture and
is well adapted to meet the varymg require-

7

ments and conditions met with in practice.
It will be seen that an unusually high effi-
ciency of linkage of magnetic flux with the
turns of the windings is achieved, that core
losses are greatly minimized not only be-
cauge of the possibility of operating at lower
average flux densities, for a given mean
length of winding turn, but also because of
the fact that it is possible to make the mag-
netic circuit somewhat shorter. It may
further be noted that such thoroughly prac-
tical advantages as these make it possible for
the construction to meet the precision exact-
ing requirements of an instrument trans-
former. T “

As many possible embodiments may be
made of the mechanical features of the above
invention and as the art herein described
might be varied in various parts, all without
departing from the scope of the invention,
it & to be understood that all matter here-
inabove set forth or shown in the accom-
panying drawings is to be interpreted as
illustrative and not in a limiting sense.

I claim: :

1. The herein described art which consists
in building up a core leg of laminations
shaped so that the insulating core leg is of
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varying cross-section, winding a fibrous yarn -

or string impregnated with phenolic con-

95

densation product about the core leg, sub-

jecting the core and impregnated yarn
wound thereon to heat and pressure to cure
said - phenolic condensation product, and
winding wire thereon to form a winding.

2. The herein described art which consists
in assembling laminations of transformer
metal to form a core leg of cruciform cross-
section, winding a fibrous yafn or string
impregnated with phenolic condensation
product ‘about the core leg, subjecting the
core and impregnated yarn wound thereon
to heat and pressure to cure the phenolic
condensation product, and associating a
winding with respect to said core leg.

3. The herein described art which con-
sists in forming a core of varying cross-sec-
tion, covering said core with uncured phe-
nolic condensation product, and curing the
phenolic condensation product. '
" 4. The herein described art which consists
in forming a core of varying cross-section,

-applyihg theretos uncured phenolic conden-

sation product, ¢uring the phenolic conden-
sation product-and winding wire about the
core and on top of the cured phenolic con-
densation product to form a coil.

5. The herein described art which consists
in forming a laminated core leg of a cross-
section varying so that the core leg tapers
in two directions, applying uncured phenolie
condensation product to the core leg, curing
the phenolic condensation ~product, . and’
winding wire thereabout to form a coil.

6. The herein described art which consists
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in forming a laminated core leg of such
varying cross-section that the core leg is ta-
pered, applying uncured phenolic condensa-
tion product thereto, curing the phenolic
condensation product, and surrounding the
core leg with a coil.

7. In transformer construction, in combi-
nation, a core leg built up of laminations
each having a shape so that the cross-sec-
tion of said core leg varies, a winding about
said core leg and conforming substantially
to the shape of the latter, and a continuous
sheath of unbroken solid dielectric material
interposed between said winding and said
core leg.

8. In transformer construction, in combi-
nation, a core leg built up of laminations
shaped so that the core leg is substantially
tapered, a winding about said core leg and
conforming to the shape thereof, and an un-

broken layer of solid dielectric material in-

terposed between said core leg and said
winding,

9. In transformer construction,. in com-
bination, a core leg built up of laminations,
sald core leg having a shape such that it
tapers in two directions, a winding about

"said core leg and conforming substantially
to the shape thereof, and a layer of cured

phenolic condensation product interposed
between sald core leg and said winding., -

_10. In transformer constructior, in com-
bination, a core leg built up of laminations,
said core leg having a shape such that it
tapers in two directions, a winding about
said core leg and conforming substantially
to the shape thereof, and an unbroken sheath
of solid dielectric miaterial interposed be-
tween said core leg and said winding.

11. In transformer construction, in com-

‘bination, a transformer core having a middle

leg and side legs spaced therefrom but con-
nected therewith by core cross members, said
core legs being shaped to provide therebe-
tween core windows of varying width, each
core window having its greatest width at a

. point intermediate of said core cross mem-
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bers, a low tension winding about said mid-
dle core leg and conforming substantially
to the shape thereof, a high tension winding
about said middle core leg, said high ten-
sion winding being made up of a plurality
of coil sections of substantially the same
dimensions, said coil sections being substan-
tially aliried within said core windows and
spaced from the sides of the latter at varying
distances, and means connecting said’coil
sections so that the respective potentials
thereof are substantially proportional to the
respective spacings of the coil sections from
sald low tension winding and from said side
core legs. T

12. In transformer construction, in com-
bination, a transformer core having a middle
leg and side legs spaced therefrom but con-
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nected therewith by core cross members, said
core legs being shaped to provide therebe-
tween core windows of varying width, each
core window having its greatest width at a
point intermediate of said core cross mem-

‘bers, a high tension winding about said

middle core leg, said high tension winding
comprising a plurality of coil sections of
substantially the same radial dimensions and
substantially alined in said core windows,
means grounding one terminal of said high
tension winding, means substantially alter-
nately connecting said coil sections above
and below said intermediate point and so
that coil sections of relatively lowest poten-
tial are in the narrowest portions of said
core windows, coil sections of relatively
highest potential are in the portions of
greatest width of said core windows, and
coils of intermediate potential are inter-
mediate of the narrowest and widest por-
tions of said core windows, and a low ten-
sion winding coacting with said core.

13. In transformer construction, in com-
bination, a transformer core having a middle
leg and side legs spaced thercfrom but con-
nected therewith by core cross members, said
core legs being shaped to provide therebe-
tween core windows of varying width, each
core window having its greatest width at a
point intermediate of said core cross mem-
bers, a low tension winding wound directly
upon and insulated from said middle core
leg and assuming substantially the contour
thereof, a plurality of coil sections about
said middle core leg and having substantially
similar radial dimensions, said sections

passing through said core windows, and
o )

means connecting said coil sections so that
the sections at the narrowest portions of
said core windows are of lower potential
than the sections at portions of said core
window of greater width. ‘

14. In transformer construction, in com-
bination, a transformer core having a core
window of varying width, a high tension
winding linked with said core and compris-
ing a plurality of spaced coil sections of
substantially similar radial dimensions, a
low tension winding linked with said core,
and means connecting said coil sections so
that the sections passing through narrower
portions of said core window are of a lower
voltage than coil sections passing through

‘wider portions of said core window.

15. In transformer construction, in com-
bination, a high voltage winding having
portions of differing potential, a low voltage
member in the form of a low voltage wind-
ing, a core member with which said windings
coact, and means for insulating said high
voltage winding from one of said members,
said means including a layer of solid di-
electric material and a layer of gaseous di-
electric under pressure, the thickness of said
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last-mentioned layer varying in thickness
substantially in proportion to the potential
of said portions of said winding. :

16. In transformer construction, in com-
bination, a high voltage winding for a
transformer made up of a plurality of coils

‘positionied in spaced relation one above the

other, a plurality of substantially radially
extending members of solid dielectric mate-
rial interposed between adjacent coils for
holding the latter in spaced relation, and a
fluid dielectric in which said coils and said
members are immersed, said members being
so shaped that the surface leakage path
from one coil to another is longer than the,
distance between the two spaced coils.

17. In transformer construction, in .com-
bination, a high voltage winding for a trans-

former made up of a plurality of coils posi-’

tioned in spaced relation one above the

- other, a plurality of substantially radially
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extending members of solid_dielectric ma-
terial interposed between adjacent coils for
holding the latter in spaced relation, and a

fluid dielectric in which said coils and said

members are immersed, said members hav-
ing a cross-section of such configuration that
the insulation in the path of any voltage
gradient between adjacent spaced coils is
made up of the solid dielectric material of
the member in series with said fluid dielec-
tric. : . :
18. In transformer construction, in com-
bination, a high voltage winding for.a
transformer made up of a plurality of coils
positioned in spaced relation one above the
other, a plurality of substantially radially
extending members of solid_ dielectric ma-

~ terial interposed between adjacent coils for

40

holding the latter in spaced relation, and a’

- fluid dielectric in which said coils and said
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members are immersed, said members being
tubular in cross-section and said fluid di-
electric contacting both the interior and ex-
terior surfaces thereof. '

19. In transformer construction, in com-
bination, a high voltage winding for a
transformer made up of a plurality of coils
positioned in spaced relation one above the
other, a plurality of substantially radially
extending members of solid dielectric ma-
terial interposed-between adjacent coils for
holding the latter in spaced relation, and- &
gaseous dielectric under pressure: in which
said winding and said members are im-
mersed, each of said members being so

shaped that the shortest possible leakage -

path from one coil to another is along a
surface contacted by -said gaseous dielectric
under pressure and is-longer than the short-
est distance between adjacent spaced coils.

90. In transformer construction, in com-
bination, & transformer core having a mid-
dle leg and side legs spaced therefrom but
connected therewith by core cross members,

9

said core legs being shaped to provide there-
between core windows of varying width,
each core window having its greatest width
at 4 point intermediate of said core cross
members, a high tension winding about said
middle core leg, said high tension winding
comprising a plurality of coil sections of
substantially the same radial dimensions and
substantially alined in said core windows,
means grounding one terminal of said high
tension winding, means substantially alter-
nately connecting said coil sections above
and below said intermediate point and so
that coil sections of relatively lowest poten-
tial are in the narrowest portions of said
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core windows, coil sections of relatively

highest potential are in the portions of
greatest width of said core windows, and
coils of intermediate potential are interme-
diate of the narrowest and widest portions
of said core windows, a low tension winding
coacting with said core, and a saddle asso-
ciated with each core cross member and rig-
idly secured with respect thereto for engag-
ing respectively the endmost coil sections.

91. In transformer construction, in com-
bination, a transformer core having a core
window of varying width, the narrowest
portion of said core window being adjacent
a core cross member, metallic means held in
fixed relation to said cross member and pro-
jecting away therefrom, a high tension wind-
ing linked with said core and comprising
a plurality of coil sections of substantially
similar radial dimensions and passing
through said core window, an endmost coil
section being engaged by said means, and
means connecting said coil sections so that
the sections passing through narrower por-
tions of said core window are of lower volt-
age than coil sections passing through wider
portions of said core window. '

92. In transformer construction, in com-
bination, a -transformer core having a core
window of varying width, a high tension
winding passing.through said core window.
and shaped and having such a voltage gra-
dient therealong that portions of different
potentials of said winding extend through
portions of said core window of widths vary-
ing substantially with said potentials, said
core having a greater cross-sectional area at
portions thereof adjacent narrower portions
of said .core window than the cross-section
thereof adjacent wider portions of said core
window. ' o

23. In transformer construction, in com-
bination, a casing of substantially circular

cross-section, a transformer mounted there- -

in having a core with a high voltage wind-

‘ing thereabout and made up of a plurality

of coil sections, said winding being spaced,
from said casing, a fluid dielectric in said
casing, and a plurality of conductors inter-
connecting said coil sections, said conduectors
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" casing, a plurality of conductors ‘intercon-
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being spaced from each other substantially
along a chord of the circular inside periph-
ery of said casing.

. 24. In transformer construction, in comm-
bination, a casing of substantially circular
cross-section, a transformer mounted there-
in having a core with a high voltage wind-
ing ‘thereabout and made up of a plurality
of coil sections, said winding being spaced
from said casing, a fluid dielectric in said
casing, solid dielectric means supported sub-
stantially between said winding and the cas-
ing, and a plurality of conductors supported
by said solid dielectric means and intercon-
necting said coil sections, the points of sup-

_port of said conductors in said solid dielec-

tric means being spaced so that the possible

leakage path therebetween is greater than

the spacing between adjacent conductors.
25. In transformer construction, in com-

bination, a casing of substantially circular

cross-section, a transformer.mounted therein
having a core with a high voltage winding
thereabout and made up of a plurality of
coil sections, said winding being spaced
from said casing, a fluid dielectric in said
casing, solid dielectric means supported be-
tween said winding and said casing and ex-
tending substantially along a chord of the
circular cross-section of said casing, and a

‘plurality of conductors interconnecting said

coil sections and supported thereby along
substantially a chord of said cross-section,
conductors of higher potential being sup-
ported by said solid dielectric means at sub-
stantially central portions of said chord and
conductors of lower potential being- sup-
ported at outer ends thereof.

26. In transformer construction, in com- .

bination, a casing of substantially circular
cross-section, a transformer mounted there-
in having a core with a high voltage wind-

"ing thereabout and made up of a plurality

of coil sections, said winding being spaced
from said casing, a fluid dielectric in said

necting said coil sections, said conductors
being spaced from each other substantially
along & chord of the circular inside periph-

ery of said casing and conductors of high--

. er potential being at portions intermediate

of said chord, and solid dielectric means sup-

_ porting said connecting conductors at points

55

~* so displaced from each other that the pos-

sible surface leakage path along said solid
dielectric means and from one’ conductor to
another is greater than the spacing between
said one conductor and said other conductor.

27.. In transformer construction, in combi-
nation, a casing of circular cross-section and
adapted to withstand relatively high pres-
sures; a transformer therein including a

- transformer core having a core window of

65

varying width,-a high tension winding
linked with said core and comprising & plu-
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rality of coil sections of substantially similar
radial dimensions, and a low tension wind-
ing linked with said &ore, said high tension
winding having its- axis extending in the
same direction as the axis of said casing; a
gaséous dielectric under pressure within said
casing; a plurality of conductors connecting
said coil sections so that the sections passing
through narrower portions of said core win-
dow are of lower voltage than coil sections
passing through wider portions of said core
window; said conductors being arranged
relative to the circular cross-section of said
casing so that the gaseous dielectric under
pressure between conductors of higher volt-
age and the inside coil of said casing is of
greater thickness than the gaseous dielec-
tric under pressure between conductors of
lower voltage and the inside wall of said
casing. -

28. In transformer construction, in com-
bination, a casing of circular cross-section
and adapted to withstand relatively high
pressures; a transformer therein including a
transformer core having a core window of
varying width, a high tension winding link-
ed with said core and comprising a plural-
ity of coil sections of substantially similar
‘radial dimensions, and a low tension wind-

ing linked with said core, said high tension
winding having its axis extending in the same
direction as the axis of said casing; a gas-
eous dielectric under pressure within said
casing; a plurality of conductors connect-
ing said coil sections so that the sections
passing through narrower portions of said
core window are of lower voltage than coil
sections passing through wider portions of
said core window; and solid dielectric means
contacted by said gaseous dielectric under
pressure and supporting said connectin
conductors at points so spaced from eac
other that the possible surface leakage path
along said solid dielectric means and from
one conductor to another is of greater length
than the shortest distance between said one
conductor and said other conductor.

29. In transformer construction, in com-
bination, a casing of circular cross-section
and adapted to withstand relatively high
pressures; a transformer therein including a
transformeér core having a core window of
varying width, a high tension winding
linked with said core and comprising a plu-
rality of coil sections of substantia ly sim-
ilar ‘radial dimensions, and a low tension
winding linked with said core, said high ten-
sion winding having its axis extending in
the same direction as the axis of said casing;
& gaseous dielectric under pressure within
said casing; a plurality of conductors con-
necting said coil sections so that the sec-
tions passing through narrower portions of
'said core window are’of lower voltage than
coil sections passing through wider portions
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of said core window; solid dielectric means with the potential along the length of said
contacted by said gaseous dielectric under winding. _

pressure and supporting said connectin In testimony whereof, I have signed my
conductors at points so spaced from each name to this specification this 22nd day of
other that the possible surface leakage path January, 1931. S
along said solid dielectric means and from ' FRANKLIN S. SMITH.
one conductor to another is of greater length ' ‘ "

than the shortest distance between said one

conductor and said other conductor, and

said connecting conductors' being arranged

with respect to the inside wall of said cas-

ing so that the gaseous dielectric under

"pressure between conductors of higher volt-

. ages and the inside wall of said casing is of

15

greater thickness than- the gaseous dielec-

. tric under pressure. between conductors of
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lesser voltages and the inside wall of said
casing. o : A

30. The herein described art which con- -
sists in covering a core with uncured phenol-
ic condensation product and curing said
condensation product. o

81. The herein described art which con-

.sists in covering a core, covering said core:

with uncured phenolic. condensation prod-
uct and curing said condensation product.

32. In transformer construction employ-
ing a core, the art comprising covering the
core with uncured phenolic condensation
product and curing said condensation prod-
uet.. : L .

33. In: transformer construction, in com-
bination, a winding the potential of which
varies along its length, and a surrounding
dielectric of gas under pressure, said di-
electric varying in thickness in accordance
with the electric potential to which it is sub-

Jected.

34. In transformer construction, in com-
bination, a winding the potential of which . -
varies along its length, and a surrounding

- dielectric of gas under pressure whose
. thickness changes along the length of said

50.

&5

winding. - » .

85. In transformer construction, in com-
bination, a winding forming a cylinder the
potential of which changes along its length
and an included cylindrical sheath of gas- .
eous ‘dieléctric under pressure whose thick-
ness changes along the length of the wind-
ing. .

36. In transformer construction, in com-
bination, a winding forming a cylinder the.
potential of which changes along its length,
and a dielectric comprising a gaseous en-
velop surrounding said winding both in-
teriorly and eéxteriorly thereof, the thick-
ness of said dielectric changing along the
len%th of said winding. ’ :

37. In transformer construction, in com-
bination, a high potential winding forming
a cylinder the potential of which varies
along its length and an insulating envelop
comprising a gaseous dielectric under pres-
sure whose thickness varies in accordance
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