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8 Clpinss,

My invention relates o electric induction ap-
paratus, and although a0t lmited thereto has
particular application to split winding trans-
formers.

In the design of eleciric induction apparaius,
such as transformers ving a plurelity of wind-
ings, it is sometimes o 13821y t0 split one of the
windings injo z v 7 Of circuifs. Whenever
this is done, 285 ¥ when the eircuits are of
the same voliage raving, it is desirable thap these
circuits should Lossess symmetrical impedance
c‘mracteris‘tics, that is, the impedances betwean
any two circuits of the split winding should he
approximately eoual snd the impedaneces between
any cireuit of the split winding and the other
winding should alsc be approximately equgal,
Pliysical symmsiry In the arrangement ang loca-
tion of circuits of o split winding is the most con-
venient method of oblaining symmetrice] impead-
ance characteristios, Thus, the usual way of ob-
taining symmeirical impedance charecteristics is
to have the number and location of the various
circuits correspond with the physical symmeatry

of the apparatus, Splig windings which incluge
two circuils may have symmetrica] impedance

characieristics hecause of the “bwo-way” symp.
metry of typical normel wansformer construction
whethey of core or shell tyne, and with coneaniric
or interleavad windings, sincs the two legs of 5
two-legged design, or the two halves of & leg of
a design having one leg per phase, either normally
are, or-can be made symmetrical,

However, three, four, or
melry reguired foy
with three,
ing may or

split winding transformers
four, or five cireuits in the sphit wing-
may not ke compatible with normal

transformer construction. For instanee, the $wo-

leggeq, concentric, line-in-the-middle design hes
inherently two-way symmetry and may have four-
Wway symmetry, but does noi have three-way or
five~way symmetry, The three-group interleaved
design hag inherenily two-way symmelry and

five-way physical 5ym-

(CL 175—362)
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may have three-way and siz-wgy symmetry, but

does not have four-way or fve-way symmetry,
It is, therefore, an obhject of my invention to
brovide 2 struciure which will have substantisily

~ tiple circuit electric induction apparatus where
the number of civeuits does not correspond to the

' physical symmetry of the apparatus. o
Another object of my invention is to provide
an electric induction apparatus having three cir-
cuits in the secondary ‘winding
symmetrica

.50

. 8B

' substentislly BYLLA

three secondary windings talken individually or In
Deirs, and also 5 nrovide substantially symmetrl.
cal impedances hetween the sscondery windings,

Further objects and advantages of my invene
tion will become aprerent from the following
description referring io the accompsnving dzamy.
ings, and the feabures of novelty which chaeracs-
terize my inveniion will be pointed cut with poxe-
ticularity in the claims ganexed {0 and
2 part of this speecid

In the drawings
tion of o trans?

8. 1 is o sectionsi side elevg-
ner which is provided wi

matically. Uusire; ]
the secondary v ts which form i
cuit of the struciurs Hugtraied in 7

In the arrangen
I have illustrag

does not conven
Symmetry of the

the various win
the three sireu
quadranis or
of each of the

DTy

8

g
r another

5, the poriions o7

adrent are
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st
any unsymmétricel ze hin  betwesn
major portion of the cirguils in the frsy
quadrants. A duadrant or park or sectic
the core is considersd ag thas portion which
bounded by two perpendicular planes each BOCE=
ing through $hs physicel censer of the cove, one
slane being in line with the longitudi 2l axis and
the other plene baing in lne with the lateral amis,
In the drawings the core, when it is assumed two
berpendicular plensz pags through the Bhysical
center, has four physically similep parts or quad.
rants or sections, .

Referring raore particularly $o Fig, 1 of the
drawings I have Mustrated g transformer heving
& core member 10 with winding legs {{ ang 2.
Around the winding legs (] and 12 are placeq
primary winding Bortlons §3'and (4, respectively,
which may be the high voltage winding of the
apparatus. Concentric with the winding 14 sng
in_ an upper part or pper quadrant of the appa-
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ratus there is placed & winding or group Li. In
the upper left hand quadrant of the apparatus
and- surrounding the winding leg 11 is placed a
second winding circuit or group of windings La,
and surrounding the lower part of the winding
leg t2 or in a third quadrant is the third second-
ary winding circuit Ls. The winding sections La,
1.2, and Ls may be the secondary or low voltage
windings and they may have the same relative
- number of coils. In order, therefore, to contrib-
ute to the symmetrical impedance characteristics
of the low voltage windings having three circuits,
a major portion of each of the circuits is placed
in some of the parts of the apparatus, such as in
three or four quadrants or parts of the electric
apparatus.

Tt is to be understood that the impedances be-
‘tween each of the windings Li, Lz, and Ig are
substantially symmetrical with respect to the ad-
jacent portion of the high voltage windings i3
and 14 by providing the geometrical mean dis-
tances -of the major portion of the circuit with
respect to the high voltage windings to be the
" same. The calculation of reactances by the geo-
metrical mean distance is described in various
publications, such as: Electricity and Magnet-
ism—Clerk Maxwell-—volume IT (1873), Absolute
Measurements in Electricity and Magnetism—A.
Gray—vol, II (1893), On the G. M. D. of Rec-
tangular Areas and the Calculation of Self-
Inductance—E. B. Rosa—, Bulletin of the Bureau
of Standards—volume 3, 1907.
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together by a conductor 28 and which are placed
on either side of the winding I3, the winding I
being connected in series with the winding La.
Winding 26 is connected to Lz by a conductor 29
and terminals 30 and 31 are provided for group 2.
winding La is connected to Iz by a conductor 32
and terminals 33 and 34 are provided for group 3.

These three circuits, containing respectively,
the coils (In+1l), (Le+l2) and (Iz-+I3), may
have their terminals brought out independently
of each other and may be connected to inde-
pendent load circuits; or the terminals may be
brought to a terminal board within the trans-
former for series or multiple connection to pro-
vide either a voltage or a current three times
the capacity of one circuit as required; or again,
the three circuits may be connected permanently

- either in series or in parallel. In the first case

20
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In order to- contribute further to the sym- .

metrical impedance characteristics between the
three low voltage winding circuits a portion of
each of the circuits is placed in the remaining
apparatus parts or the fourth quadrant of the
electric apparatus. As will be seen more clearly
in the diagrammatic representation of Fig. 2, a
portion of the first circuit, L, is placed in the
fourth quadrant and is connected in series with
the I. winding. Likewise a portion of the sec-
ond circuit is placed in the fourth quadrant in
the form of a winding Iz, and % is placed in the
fourth quadrant in series with the Ls winding.

~Thus, the impedances between the three cir-
cuits and the adjacent high voltage windings will
be substantially symmetrical..

In order to provide for substantial symmetry
of the impedance characteristics of the various
secondary winding circuits to each other, the
minor portions of each of the circuits, L, lzand B,
are disposed with respect to each other substan-
tially opposite to the relative relationships of

desirable to place the minor portions of the wind-
ings, 1 and b, relatively far apart- with respect
to each other.in the fourth quadrant, In order
to accomplish this the minor 'portions of the
winding L are formed into two windings 20 and
21 connected together by a conductor 22 and
which are placed at the opposite ends of the
quadrant relatively far apart from the winding
I3, which is centrally disposed with respect to
the fourth quadrant. Winding 20 is connected
to L1 by a conductor 28 and terminals 24 and
25 are provided for group 1.- <L

~ In like manner since Lz and Ls are relatively
far apart, their minor portions Iz and Iz are placed
relatively close together in the fourth quadrant.
However, in order that the minor portions will
be symmetrical with respect to each other, Iz is
formed into two windings 26 and 2T connected
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‘the major portion Ia, Ls, 1s.  In other wordsy™ -
sinice L1 and La are relatively close together it is "
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above, the reactance relationship that is secured
assures that the transformer will exhibit the
same impedance characteristics, such as voltage
regullation or short-circuit current, with respect
to each load circuit under similar conditions. In
the second and third cases, if connected in series,
the distribution of the leakage flux of the trans-
former will be symmeirical; and if connected in
parallel, the division of load current among the

" three circuits will be equal.

The primary windings (3 and {4 may be
formed in any suitable manner and in Fig. 2
I have shown four groups of coils, 35, 36, 31, and
38, one being in each quadrant. These four
primary windings may be connected in any suit-
able relationship, such as in parallel.

For best copper economy the general principle
governing the distribution of total secondary
turns between the major portion of the secondary
winding (coils Li, Lz, I3) and the remainder of
the winding (coils I1, Iz, I3) is that with all, three,
circuits of the secondary winding equally loaded,
the secondary ampere turns in the four quadrants

- of the transformer should be substantially equal,

resulting in substantially equal currents in the
four parallel circuits of the primary winding,
each of which occupies one quadrant of the
transformer, as described above. In the trans-
former shown in the drawings, coils I, Lo, La
have 110 turns each and coils &1, Iz, I3 have 28
turns each, so that the current division in the
four parallel circuits of the primary winding,
when all, three, circuits of the secondary wind-
ing are equally loaded, is approximately as
follows: .

_Egch of those three circuits of the primary
winding which is located in the quadrants con-

“$aining the La, L2, Ls coils of the secondary wind-
-ipg carries '

110
3% 110+3X28
of the primary line current; and the fourth cir-
cuit of the primary winding, located in the

=26.6%

‘quadrant containing L, Iz, Iz coils of-the sec-

o5 ‘ondary winding, carries

3X28

‘ 3X110+3X28
of the primary line current. It will be seen from
these equations that the current distributed
among the four primary circuits can be adjusted
to any desired value by modifying the turn dis-

tribution between (In, Lz, L3) and (1, I, 13).
In view of the foregoing it will be seen that in
order to have substantially symmetrical imped-
ance characteristics between windings where the

=20.2%
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. -number of winding circuits is different from the

number of groups or parts which cérrespond to
the physical symmetry oI the apparatus, a por-
tion or a major portion of each of the winding
circuits is placed on g different winding receiving
section of the core, such different winding receiv-
ing sections fypically, comprising all but one of
the total number of such sections, and a1l the
minor portions of said windings being placed
symmetrically with respect to each other on the
remaining winding receiving section of the core.

It will be evident now that my invention pro-
vides means whereby a transformer winding may
be split into a desired number of electrically-
symmetrical circuits waen the structure of the
transformer - does not lend itself to subdivision
into an equal number of physical-symmetrical

parts, and that the desired electrical symmetry -

can be secured with Teasonable aceuracy and very
conveniently with the help of the physical sym-
metry characteristic. of the structure: and in-
volving a number of physical parts different from
the number of the electrical eircuits, without
the necessity of resorting to laborious inductance

calculations, and sometimes even with a greater

accuracy than could be secured by calculation
with available inductance formulas without tak-
ing advantage of such physical symmetry.

Furthermore, it is evident that this same prin-
ciple applies when the number of parts involved
in the, physical symmetry differs from the num-
ber of circuits involved in the electrical sym-
metry by more than one.

Although I have shown and described a par-
ticular embodiment of my invention, my inven-
tion is not, limited to the particular embodiment
described; and T intend in the appended claims to
cover all modifications which come within the
spirit and scope of my invention,

What I claim as new ang desire to secure by
Letters Patent of the United States is: -

1. In an electric induction apparatus having a
core with two winding legs, first, second, and
third windings adapted to form three circuits
each of said windings
portions connected respectively together, said
major portion of said first winding surrounding
approximately one-half of cne of said legs, said
major portion of said second winding surround-
ing approximately one-half of said other leg

opposite said first winding major portion, said
.major portion of said third winding surrounding

the remaining one-half of saig first core leg,
each of said minor portions of'said three wind-
ings surrounding the remaining one-half of said
second core leg, said minor portion of said first

i i tw_;v’o subportions placed gzt op-

winding having
said subportions.of said first winding subportions,
nor portion of said third winding
being placed- between said subportions of said
second minor winding portion, .

2. A split winding transformer having at least
two windings :
being subdivided into a plurality of independent
circuits having respective terminals which are in-
sulated from each other, and core means for

having major and minor

per bhase, one of said windings.
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said windings having one more coil receiving sec-
tion than said subdivided winding has circuits,
all of said coil receiving core sections being ex-
cited by in-phase flux, said coil receiving core
sections having physical symmetry, said circuits
being disposed on said core means so that they
have symmetrical impedance characteristics with
respect to each other and with respect to the
other of said windings by being subdivided re-
Spectively intc major portions and minor 00r-
tions, a major portion of each circuit being dis-
bosed on a different one of said coil receiving core
sections, and all of said minor portions being
disposed on the remaining coil receiving core
section.

3. A split winding {ransformer having at least
two windings per phase, one. of said windings
being subdivided into g Dlurality of independent
cireuits having respective terminals which are
Insulated from each other, and unitary core means -
for said windings having one more coil receiv-
ing section than .said subdivided winding has
circuits, all of said coi] receiving sections being
threaded by the same exciting flux, said coil re-
ceiving core sections having physieal symmetry,

. said circuits being disposed on said core means

so that they have symmetrical impedance char-
acteristics with respect to each other and with
respect to the other of said windings by being
subdivided respectively into major portions and
minor portions, the major and minor portions of
each circuit being serially connected, a major
portion of each cireuig being disposed on & dif-
ferent one of saig coil receiving core sections,

“the impedance characteristics of said major por-

tions being unsymmetrical with respect to each
other, and all of said minor portions being dis-

"Posed on the remaining coil receiving core sec-

tion, the physical relation between said minor
portions being such as to produce unsymmetrical
impedance characteristics therebetween which
are opposite to ‘the unsymmetrical impedance
characteristics between said major portions.

4. An electrical induction apparatus having a
unitary core which ig symmetrical about longi-
tudinal and Iateral axes S0 as'to have four equal
quadrants, a winding having three circuits each
of which has 3 major portion and a minor por-
tion, the major portions of each of said circuits
being disposed respectively on three of said quad-

rants, the minor portions of each of said cir-
cuits being disposed on the fourth quadrant so
that said circuits will have substantially sym-

metrical impedances with respect to each other.

5. An electrical induction apparatus having a
unitary core which is symmetrical: about longi-
tudinal and lateral axes so as to have four equal
quadrants, a winding having three cireuits each
of which has a major portion and 8 minor por-
tion, the major portions of said circuits being
disposed respectively on three of said quadrants,
the minor portions' of 'said cirouits being dis-
bosed on the fourth quadrant, said minor por-
tions being disposed with respect to each other
with relative distances different from the rela-
tive.distances between said major portions so that,
said .circuits will have subsiantially symmetrical
Impedances with respect to each other, ‘

‘ ALEXIS N. GARIN.




