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construction and arrangement of
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eylinder | _
surfaces of both cylinders to the cooling ef-
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To all whom it may CONCEFFL:

Be it known that I, WarLTeR S. Moopy, a
eitizen of the United States, residing at Schen-
ectady, county of Schenectady, State of New
York, have invented certain new and useful
Improvements in Transformers, of which the
following is a specification

This invention
electrical apparatus for transforming from
high to low potential, and vice versa, |

The improvements consist in the peculiar
: the high
and low potential windings whereby 1IMpor-
tant advantages are obtained both in elec-
trical operation and in mechanical strueture.

Of the drawings, Figure 1 is an elevation of
the transformer-casing, partly in section, to

show the transformer itself inside the casing,
a part of the transformer itself being also in

section to show the construction and arrange-
ment of the windings to which the Invention
relates. Fig. 2is a top pian view of the cags-
ing with the cover removed to show the top
of the transformer and the conducting-leads

to both the high and low potential windings.

1. 3 is'an elevation of a core of one type of
transformer to which '
applied, the windings
section on the core. Fig. 413 a bottom view
of the core and windings of Fig. 3, showing
the botiom conducting-leads. Fig.5is g ver.
tical longitudinal section of g primary coil.
Hig. 6 is a similar section of a secondary coil,
and Fig. 7 is a plan‘of an insulating part.
The various features of the mvention ean
beapplied advantageously tothe ‘¢ core-iype’’
transformers shown in the drawings, in which
type the core constitutes g single magnetic
circuit, and these features may also be em-
ployed with transformers of other types.
The windings are arranged as most clearly
shown in Figs. 3 and 4, the inside cylin-
der comprising {wo colls, being separated
from the outside cylinder, also compris-
g two coils, by an annular space (O, Hig.
4, formed by the spacing -pieces D, Figs. 3
and 4, of insulation -impregnated woed -or
other suitable material.” This space serves
to nsulate the outer surface of the ingide eyl-
the Inner surface of the outside
and' exposes s large extent of the

tects of air or oil or other coohing fluid in the

| casing  surrounding the transformer.

relates te1mprovements in

the invention may be
being shown in cross-

18 much less.

In
practice the apparatus shown m Fig. 3 is
usually immersed in g body of suitably-pre-
pared oil contained in the cast-iron casing

O of Figs. 1 and 2, the oil serving to insu-

late the windings from each other and from

the core and casing and to absorb the heat 6o -

generated in the windings and convey it to
the cast-iron casing, whence it is dissipated
into the outside atmosphere.  The inside
cylinder is separated from the legs F of the
core A by an annular space
by the spacing-pieces B , I1gs. 3 and 4, of in-
sulation-impregnated wood or other suitable
material. The oil or other cooling fluid thus
has free aceess to all parts of the core and to
the inner surface of the inside cylinder and
serves to insulate the latter from the core.
Kach cylinder comprises a high and a low po-
tential coil, so that there are two high-poten-
tial windings and two low-potential windings
concentrically arranged on a given part of
the core. When as formerly there were only
two windings—one of high voltage and one of
low voltage—arranged concenirically on g
given part of the core, it was necessary to em-

ploy thick insulation between them, owing to
the great difference in potential between the

last turns, and this thick insulation not ornly

‘occuipled valuable winding - space, but by

causing the distance between the high and

low potential coils to be considerablo pro- 8¢

duced considerable reactance. With longer
coils, where the total ameoeunt of copper in one

coul could be closely associated with.the total

amount of copper in the other coil, theye is

of Insulation required to protect
the low-potential winding from the high-po-
tential winding is so great as fo separate the
windings to such an extent as
siderable reactance, besides
able winding - space. By the arrangement
shown the reactance is much reduced, as the
necessary insulation between the high and

OCCUBYIlE valu-
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Q, Fig. 4, formed 6

70

75

80

lessreactance between the windings; but even go
“when the practical limit of length is reached
the amount

vo produce con- gz

low potential coils comprising each eylinder 1oo

1he lovw-potential coil or seo-
ondary &' of the inside eylinder lies nearer the
core than the high-potential coil or primary
¥/ of the same eylinder, thus requiring less
msulation (solid or fluid) between

_ itseli and 103
| the core than if thé migh-potential winding
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- Decessary only to insulate the inside of the

results attending the

and outside of the primary,
‘up valuable winding - space.
placed next the core

were located nearer the core than the low-po-
- tential winding.. The

outside cylinder lies nearer the iron casing C,
thus requiring Jess insulation (solid or fluid)
between itself and the casing than if the high-
potential winding were nearer the casing than
the low - potential winding. The arrange-
ment brings the two primary coils P’ P? next
to each other, but separated from each other
by the space O. This Space1s, in fact, a duct
through the center of the high - potential
winding and accomplishes the important re-
sult of providing insulation between parts of
the primary which may have a great differ-
ence of potential. The space O also exposes

“half of the total primary winding to the c¢ool-

Ing action of the oil or other flid. A most
1mportant feature

the space-O produces _
sults without increasing the reactance ; whieh

1t:would do if it.were between 5 primary and
2 secondary coil.
‘between the )
‘each primary and secondary coil to
close together, separated only by the mini-

The location of the space

be located
Mum amount of material required for ade-
quate insulation. There are two important
_ location of the two coils
of the primary between the secondary coils.
The first result is the lack of the necessity of
placing thick insulation on' both the inside
which would take
The primary if

1ly insulated from both the core and second-
ary; butwith the arrangement described it 1S

primary of the inner cylinder and the outside

- of the primary of the outer cylinder, since the

4.0

. outside secondary than if the high-potential
Primary were nearest

45

-~ coils from each other.
‘tant result is that the casing C can be made

space O serves to insulate the two . primary
The second impor-

smaller, with a less space between it and the

the casing. The con-

struction of the coils is such as to obtain

N greatly-improved results both as to electrical

50
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operation and mechanical strength.

1t has been customary to wind transformer-
coilsofinsulated copper wires of cireular CTOSSs-
section, either winding the wire directly on

the core in cases where the single-circuit core

- Was composed of four bundles of sheet-metg|

laminations or winding the wire
and slipping the coil over the core.

in the present case are constructed of g flat

Strip of copper or other suitable conductor, as

shown in Figs. 5 and 6, which strip is formed
inco a-barrel or cyhndrical winding, as de-
seribed, by winding the strip edgewise by
means ot the apparatus disclosed in the pateént
to John J. Frank, No. 771,902, October 11,
1504, or by any other winding apparatus suit-

ableforthe purpose. Suchawinding hassuffi-

815,729

secondary S? of the

of this arrangement is that |
the above beneficial re-

two parts of the primary permits

serves to insulate the furns
_cotl from each other, but also

would have to be heav-

; i

strength and rigidity to re-
sist strains from handling during manufactur-
ing, &c., which formerly changed the shape of
the old-style coils, so that it was necessary in
order to make possible the assembly of one coil
over another to allow considerable difference
in diameter between the twe coils.
wound.coll is thus economical in radial trans-
former-space. It is also very economical in
longitudinal winding-space, and it has been
found that a much larger effective amount of
copper can be wound in a given space by
winding a strip on edge than by the old-style
winding.

_ The windings shown in Fig. 3 are made in
practice in"the following manner, taking, for
example, the outside cyli-nder;'ﬁﬁmprising the
colls P*and S?: The coil P2 1s first wound on
the mandrel of the proper winding appara-
tus.  When this coil is to be the high-po-
tential and low-current winding, it is com-
posed, as shown in Fig. 5. of g single edge-
wound copper strip 1. This strip is prefer-
ably covered before winding edgewise with

The edge-

The edge-wound coil also tends to
reduce eddy-currents and leaves a large part’
“of the coil exposed for ventilation. ~

65

75

| 80'

go

ordinary cotton isulation 2, which not only

of the wound

edges of the turns from metal
proximity. The spaces thus formed between
the turns serve to reduce eddy-currents. It
1s preferable that the edges of the turns of
thishigh-potential coil be insulated,

1t may not be absolutely essential in all cases—

‘as, for example, if the coil be separated a suf-

ficient distance from other metallic parts.

although

?0 insulate the
1c parts in its -

95
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The use of insulation over the edges makes -
possible a closer approximation of the high

and low potential coils, thus not only econo-

mizing space, but reducing reactance and in-
creasing the efficiency of the apparatus. The

next step is the placing of the insulation X,

Fig. 3, around the outside of the coil P2, which

105

18 done without removing the coil from the

apparatus! = Thus in-

mandre] of the winding _
thick in proportion to

sulation need not be as

the thickness of the coils as is indicated in
the . drawings where

exaggerated for
thick enough

1t 1S
clearness, and it need be.only
to properly insulate the high
potential winding. The insulation may con-
sist of press-board, or one or two sheets of oil-
silk, -or of any other suitable material. In
some cases the insulation X may be suffi-

- clent, so that the insulation 2, Fig. 5, on the
edges of the high-potential turns may be dis-

pensed with; but even in this case the turns
of the coil must be suitably insulated from
each other. After the insulation X has been
properly secured in place, as by taping in the
the well-known manner, the coil 5% com-
posed, as shown in Fig. 6, of a plurality of

| copper strips in multiple with each other

from the low

ITO
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Teactance is reduced to a
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when itistobe the low-potential and high-cur- |

rent winding, is wound over the mstlation X
and the coil P* without removing the latter
from the mandrel. The coj] & 1S wound over
the coil P* g0 tightly that both coils, with the
interposed insulation X, constitute g single
rigid mechanical structure, which is not only
very conveunient to handle during the process
of constructing the transf ormer, but also en-
ables the high and low potential coils to he
located so closely vogether that their mutual
minimun.

The bunches of paralle] strips 1 of the coil

~ S*are separated from each other by insulation

I5
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‘serles along the length of

In a novel manner. Rings 3, Fig. 7, of flat
horn fiber or other suitable material are split,
as shown at 4, and these rings are dispossd in
the bunches, tha
end of one split ring ad joining the end of an-
other split ring, so that, as shown in Kig. 6,
the series of rings form g substantially con-

“tinuous helix, which completely insulates the

bunches of strips from each other.

Another important advantage of the edge-
wound.coil is that, owing to its smooth pe-
riphery, the insulation X, stich as press-board,
between the coils is not creased, as was for-
merly done by the wires or irregularinsulation
of the old-style coils. Thisis important, be-
cause the creasing of the press-hoard or other
insulation seriously Impairs its msulating
qualities, while if it is not creased it may be of
much less thickness, and valuable space ¢an
consequently be saved. _' -‘

The copper strips of the low-potential coil
> are preferably covered with s cotton or
other suitable insulation 2 before winding
them on edge: but if they are wound bare the
turns of the completed coil may be separated
by independent insulating-strips, or by ‘an
applied varnish, or by an msulating glaze or
enamel if the latter can be successtully placed
on the strip so that it will not, crack off when
the strip is wound edgewise. The cotton
covering of the several strips which compose
one bunch is not essential as insufation, but
serves to reduce eddy-currents. The inner
cylinder, consisting of the primary P’ and sec-
ondary S, with interposed insulation ;18 con-
structed in the same manner as the outer cyl-
inder above described, except that the low-
potential coil S’ is wound first, and this eyli
der may be slipped in place over a core-leg #
without any enveloping insulation, if desired ,
as the low-potential winding & will be suffi-
ciently insulated from the core by the spac-
mg-pieces 3 and by the oil or other fuid in
the space Q formed by these pieces. I pre-
ter, however, to wind each cytinder with cot-
ton tape T, mainly for the purpose of holding
the copper strips’in alinement, although, of
course, such tape will serve to a degree as an
insulation. It will be noted that the insula-
tion X extends down beyond

- strip

' this coil, Fig. 4, to the
the bottom connection W te the botiom

the edges of the |

coils and that the space between this insula-
tion and the Spacing-pieces B and D is filled
with wooden blocks Y. This construction is
for the purpose of preventing leakage to the
secondary from the high-potential primary
and at the same time strengthening the pro-
Jecting parts of the insulation X. Each leg
I¥ of the primary shown is similarly equipped
with two cylinders. It will ba noted that
owingtothe edgewise windingof the strip and

‘tothe peculiar arrangement of the colls each

turn ot all the coilsis directly exposed, save for
the cotton insulation 2 and the thin winding
of tape T, to the cooling action of the oil or
other cooling fluid in the casing. .

- The transtormer shown in the Arawings is
especially adapted to three-wire service, and
to this end I have shown the coil connections
in accordance with my Patent No. 595,403,
granted December 14, 1897,
& means of obtaining automatic regulation
when the loads on the two sides of the three-
wire circuit are unbalanced. Other NEAnS
may, however, be employed. B

In accordance with my patent above noted
the primary coils are all connected 1N series,
as shown in Figs. 2 and 4 of the drawings,
The circuit is from the main Pm of Kig. 2 down
through the right-hand coil P’ of Kigs. 3 and
4, (the latter of which is a bottom view,) out
through the end M? of the copper strip com-
prising said coil to the end M of the copper
comprising the left - hand coil 2% up
torcugh the latter coil to the LOp €ross-con-
ductor M* of Fig. 2, across to _
coil P* Figs. 3and 4, down through the latter
to the end M? of the strip composing said coil
to the end M’ of the strip which composes the

the right-hand

70

75

30

which discloses

90
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left-hand coil P/, and up through the latter to -

the main P Fig. 2.

The secondary line-terminals are shown in

Fig. 2, Gand H being the outside lines of the
three-wire circuit and N the neutral. The
secondary coil S’ on one leg of the core is con-
nected in series with the secondary eoil S? on
the other leg of the core across one side o} the
three-wire circuit, and the secondary coil 8
on the former leg is connected in serjos with
the secondary coil &' on the latter leg across
the other side of the circuit. In Fig. 4 are

| shown the cross connection W', which joins

the bottom leads S* S¥ and the connection
W, which joins the bottom leads S= 57,
The circuits may be traced as follows: from
the line-terminal G, Kig. 2, to the top lead Sx
of the right-hand inside coil >, down through
pottom lead'S* across
lead
SY, up through the lefi-hand outside coil 5,
Mig. 4, to the top lead S¥, and thence to the
neutral terminal N. The other side of the
circuit leads from the line-terminal H, Fig, 2,

105

11O

1

I25

to the top lead S= of the left-hand inside voil

S, down through this col, Fig, 4, to the bot-




 tom lead §7 of the right-hand outside coil S*

';[0.

up through this coil, Fig. 2, to the top lead S7.
and thence to the neutral terminal N. | |
-The casing C may be of cast-iron and may

have the wave shape E, as shown. The cover
‘Visremovably secured to the casing by suit-
~able bolts, and when
- the entire apparatus, together with
~ porting-clamps U and L, can. be
‘the casing. o -
-, The term ‘‘cylindrical”’ employed herein

the sup-
lifted out of

" is not imntended to limit the shape of the coils

15

. toa true annular cross-section, buf is intend-

ed to indicate merely the general barrel shape
thereof. - . | T

~ - What I claim as new, and desire to secure
-by Letters Patent of the United States, is—
- “1. In a transformer, the combination with |

~ the core, of a winding comprising a high and

- 20

- rated therefrom by

2

a low potential coil and arranged-on the core,

and a second winding also comprising a high
and a low potential coil, said second winding
bemmg arranged outside
a cooling and insulating
space. |

2. .In a transfdrmer, the combination with

the core, of & winding comprising a low and a
high potential coil, said winding being ar-

-~ ranged on.the core and separated therefrom

30

by a cooling and msulating space; and a sec-

- ond winding also comprising a low and a high

- potential coil, said second winding being ar-

35

ranged outside

the first and concentric there-
with. | S

3. Ina transfoi'mef, the combinlation with.

the core, of a cylindrical winding COMprising
a low and a high potential coil; said winding

- being arranged on the core and separated

.40

therefrom by a cooling and insulating space;
and a second cylindrieal winding also com-
prising . a high and a low potential coil, said

~second winding béing arranged outside the

45

first,. and separated therefrom by a cooling
and 1nsulating space. _ | |

4. In a transformer, the combination with
the core, of a cylindrical winding comprising
a high and a low potential coil, said winding
being arranged on the core; and a second Cy-
lindrical winding also comprising a high and
a low potential coil, said second winding be-

ing arranged outside the first and concentric

therewith. * |

5. In a transformer, the combination with
the core,of high and low potential windings
consisting of cylindrical coils arranged one
outside the other, one of the windings being

subdivided into mechanically separate adja-

cent coils separated by an annular cooling

~ and insulating space.

6. In a transformer, the combination with

“the core, of high and low potential windings

consisting of cylindrical coils arranged one
outside the other, the high-potential winding
being subdivided into two separate coils

| which are separated b

the cover is removed

‘potential coil surrounding the
“potential coil.

the first, and sepa- |

815,729

and insulating space.
_ 7. In a transformer, the combination with
the core, of a cylindrical low-potential coil ar-

ranged on the core, a cylindrical high-poten- -

tial coil surrounding said low-potential coil,

‘a second cylindrical high-potential coil sur-

y an .annular Qboling 65

70"

rounding the first hi%h-potential coil and
y _

separated -therefrom by a cooling and insu
lating space; and a second cylindrical low-
second " high-

8. In a transformer, the combination with
the core, of a cylindrical low-potential coil
.se{)a,ra,ted from the core by a cooling and in-
sulating space, a cylindrical high-potential
coil surrounding said secondary, a second cy-
hindrical high-potential coil surrounding the

first high-potential coil and separated there-
irom by a cooling and insulating space; and a -

second low - potential coil surrounding said
second high-potential coil. =

75

30

9. In a transformer, the combination with

the core, of a.cylindrical winding mounted

thereon and consisting of two cylindrical coils’

each composed of one or miore edge-wound

conducting-strips, said coils fitting one within

go

the other to provide a single structure, and a

second cylindrical winding constructed like

the first, and separated therefrom by a cool- o

mg and insulating space.

-~ 10. In a transformer, the cbmbinatio-n,; -
with the core, of a cylindrical winding mount- . -

95

ed thereon consisting of an inside low-po- -
tential and an outside high-potential coil, - -

each coll consisting of o6ne or more edge-

100

wound conducting-strips; and a second cy-
Iindrical winding surrounding the first and
separated therefrom by a cooling and insu-

lating space, said second winding consisting
of an inside high-potential coil and an outside |
low-potential coil, each of which consists of =

one or more edge-wound conducting—strips._ B
11. In a core-type transformer, the combi- =

nation with the core constituting a si'ng_le.'

magnetic circuit, of eylindrical windings dis-

-
'
L ]
. .- F_—

II1C

posed on different parts of said core, each -
winding comprising a low-potential coiland a

high -potential coil; and other cylindrical

windings also comprising each a low-poten-

tial coil and a high-potential coil, and arranged
respectively outside the first windings. |

12. In a core-type transformer, the combi-

11'5_

nation with the core constituting a single

magnetic circuit, of eylindrical windings dis-

posed on different partsof satd core each wind-

irg comprising an inside low-potential coil

and an outside high-potential coil; and other

120 -

cylindrical windings comprising each an in-

side high-potential coil and an outside low-po-
tential coil, and arranged respectively outside

125

the first windings, the two high-potential coils

of each set of cylindrical windings being sepa-
| rated by a cooling and insulating space.

1;}5.  
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- 1ng of one or more

5

20
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prises a cylindrical coil

‘With the core,

815,729

"}

13. A transformer - winding which com-
consisting of an edpe-
wound flat strip, an insulation covering for

the exterior of the coil, and a second ¢oil con-
sisting of a flat siri

tary structure.

14. In a transformer, the combination

with the core,

of a cylindrical low-potential

‘winding arranged next the core and consist-
Ing of one or more edge-wound flat strips, and

& cylindrical high-potential winding consist-
flat strips tightly wound
edgewise over sald secondary winding and

forming therewith g unitary structure.
15, In

lindrical coil consisting of o single edge=wound
strip, and s eoéi)erating winding comprising
8 cylindrical coj consisting of a plurality of
interconnected edge-wound strips, -

- 16. In g transformer, - the combination
of a cylindrical low-potential
winding arranged nearest the core, a cylin-

tial winding, the hjgh-}i)d tential winding be-
iI:ﬁ divided into two coils separated by an an-
n

ar space; and a low-potential winding ar-

at sirip wound edgewise over | sid
said insulation and lorming therewith a uni-

a transformer, “the combination |
- with the core, of g winding comprising g Cy-

18. In a stationary induction apparatus
the combination with the core, of a winding
subdivided by an intermedigte annular space,
second winding divided into coils lo-
cated inside and outside the first winding.

19. A coil for stationary induction appara-

35

tus which comprises one or more conducting-

strips wound on edge, and a continuous insy-
lating-helix comprising a series of split Tings
arranged end to end. :

20. A plurality of insulated strip condue-

tors arranged side by side and wound on edge
80 as to form a coil.

21. Aplurality of str:'{g conductors arr&nged -
1

side by side and wound into g coil, insulation
between the strips, and heavier insulation be.

- tween the turns of the coil.

In witness whereof I have hereunto set
hand this 11th day of December, 1901.

| ' WALTER S. MOODY .

Witnesses: . :
BENsamin B. Huorn,
MArecareT E, WooLLEy.

45

my




	Drawings
	Front Page
	Specification
	Claims

