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ARASP?pRCEGODE UEBEAe 24, 392, Ser?. No, 43,26. 

My invention relates to electric inductior. Ep 
paratus, and altog no, imited thereito as 
particular application to Split Windig trans 
formers. 

?in the design oí electric induction agpop22.aus, 
Sulch as transformers Gyiyg a plurality of Wind 
ings, it is sometines, SSEJAy to Spliti ole Oí je 
Windings inito a, içli of circuits. Wheeyer 
this is dione, esge When the circuitS are of 
the Saline voltage IŠiag, iü, is desirable ta; &iese 
circuits Should possess S/Y 2 metrical impedia:Fice 
characteristics, that is, the impedai ces koe&W7ee 
any Wyo circuitS G? te Split Windig should be 
approximately equal and ?ine în pedances between 
any circuit of the split vivinding and the other 
Wildiing should also be approžkinetely efali. 
Piliysical SSVFÍRÂNSESy is the Serrangeninent and ioca 
tion, of circLiis of a spliti Widing is the Most con 
Venient Metodi of obtaining symmetrical imped 
ance characterisüics. Thus, tine tsal Way of ob 
tarining symmetrica impedance characteristics is 
to have the u Žabe” and locatien of the yarios 
circuits correspondi Vivitin, the physica symmetry 
of the apparatUS. Spliš vivindings which include 
two circuits may have sya:Eretrica, ipediace 
characteristics because of the “two-Way” syft 
metry of 3/pica ANOTREa ?asforrier constructioKIA 
Whettiner of core OK? Snell type, E.Kad Fyiti conceintric 
Or interleaved Yiyidings, since ühe twyo legs of a, 
two-legged design, or the Vivo halves of a leg of 
a design having one lieg per phase, either normally 
are, or can be Amade symmetrical. 

Éowever, three, for, orílève-Way physicai syn 
Metry required for Split Firinding transforiners 
with three, four, or five circuišs in the split Vinci 
ing may or may not be conpatible With normali 
transformer construction. 
leggedi, conceKaštric, line-in-the-middle desig nas 
inherently two-Yvay symmetry and may have for. 
Way Symmety, but does Rois have three-way or 
five-way symmetry. The three-group interieaved 
design has inherently Vivo-vway Symineitry and 
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may have three-Y7ay and sixk-way symmetry, but 
does not have four-Way or five-Way, symmetry. 

it is, therefore, ar object of May inve?tio to 
provide a structure which Will have substantially 
Symmetrical impedance characteristics for a mui 
tiple circuit electric induction apparatus where 
the number of circuits does not correspond to the 
physical symmetry of the apparatus. M 
Another object of my invention is to providie 

an electric induction apparatus having three cir 
cuits in the secondary winding with substantially 
Symmetrici impedances from the primary to the 
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35-t-382) 
three secondary Tvindings taken individual 27 DE LA 
pairs, and also to provide Suics?iantially Sy:AA eri 
cal impediances eitti yee ühe seconday Tindings. 
Früher objects indi, adiv8aXntages o? XK257 i NYSA 

tion will become apprenit from ?ine folloi:Tiºng 
description referri?g to the acco: pEnjing SE27ea 
ings, and the featres of Novelty 7j ich ce:Fac= 
terize žiny inven?ion, Vill be pointed curi, Wiört çE 
üicularity in the claimas aXaTeXKedi to 3 di for Y3 
a, part í tinis. Secilii0252?ion. 

in the dira,TÄTigS Fig. . is a, Sectional Sidie Gee"Ya-- 

eKr Abodilire?, Sy ixºfesion, 3GYnd 3Fig. 2 diag:San 
Tinaticality, illsätes the relatitje 'SelatioE:SENS O 
the secolidary Siinings Vºynich oz. kie Spiš, tå''.-- 
cuit of the striciture ilius?Kated i Fig. . 

Nave illustrate Egy izvešatio? ES RE?giae 
former, but it is È 

O ce "Yestoodi tina; 2723r Eysen 

3. C3'de C 333"#e 
pedice5 S&T. FGS 

II, 33.c3?? Qrio:K. Iš SSECA. 3: 
the three circulai i: glice? år, one o širea på 
Aa?iranës Ciº SS.3&S3 o iške parašiL3S, 3, . 

of each of the i2.3G AciKºsciiS keing gice 

Order to furte? CGA: O tite SyÉK 272 e 
the impediance cha:Xacitaristics, išžne gorio:Las oë 
ÇOSed Wiöra re83ec, ?o Sec. soške as o cC 12&e3; 
any unsyrann létrica i relai?io:Asirip beviyede 
major portion oli the circuits ir the Fires; & 
quadranš:S. A. CLEAiraXatt osº part okº Sec?ic of 
the core is considiered as thai; porioz, TIJ? 
bouwded by öv7o gege afficuliar planes each gags 
ing Šarough the pyysica ce:Kašter of ?ine core, one 
plane being i 2 iline Vri?a ?ine lo2 Igituciºnal aga and . 
ihe other plane keisag ia line With the atera azis. 
in the diraWYings ökne core, vivine it is asSLAYe Yiyo 
perpežndicular planes QIESS Trogin the paysical 
Center, has for physically similar parts or ad Prants o sections. 

Referring more particularly to Fig. , of tiae 
drawings I nave illustrateci a transformer having 
8 Core me Raber 80 Win Wºyinding legs G C and 2. 
Around t?ne winding legs de and 2 are placed' 
priminary winding portions 3 and 64, respectively, 
which may be the high voltage winding of the 
aPparatus. Concentric with the winding a 6 and 
in ana upper part or Upper quadrant of the 839a e 

Free < 3 . 

6 

S 

  

  



| 

2 
ratus there is placed a winding or group L1. În 
the upper left hand quadrant of the apparatus 
and Surrounding the winding leg is placed a 
Second winding circuit or group of windings IL2, 
and surrounding the lower part of the winding 
leg 2 or in a third quadrant is the third second 
ary Winding circuit L3. The winding sections L1, 
L2, and L3 may be the secondary or low voltage 
Windings and they may have the same relative 
number of coils. In order, therefore, to contrib 
lute 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, 

It is to be understood that the impedances be 
tween each of the windings L1, L2, and L3 are 
Substantially symmetrical with respect to the ad 
jacent portion of the high voltage windings G3 
and 44 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 II (1873), Absolute 
Measurements in Electricity and Magnetism-A. 
Gray-vol. III (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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either in series or in parallel. 
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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 IL1 winding. Likewise a portion of the sec 
ond circuit is placed in the fourth quadrant in 
the form of a Winding l2, and l3 is placed in the 
fourth quadrant in series with the L3 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, ll?, l2 and l3, 
are disposed with respect to each other substam 
tially opposite to the relative relationships of 
the major portion L1, L2, L3. .. In other wordsfºd 
since L1 and L3 are relatively close together it is º. 
desirable to place the minor portions of the Wind 
ings, l? and ls, 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 
2 connected together by a conductor 22 and 
which are placed at the opposite ends of the 
quadrant relatively far apart from the winding 
l3, which is centrally disposed - with respect to 
the fourth quadrant. Winding 20 is connected 
to L1 by a conductor 23 and terminals 24 and 
25 are provided for group 1. , W 
* In like manner since L2 and I 3 are relatively 
far apart, their minor portions la and l3 are placed 
relatively close together in the fourth quadrant. 
However, in order that the minor portions will 
be symmetrical - with respect to each other, la is 
formed into two windings 26 and 27 connected 
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2,374,597 
together by a conductor 28 and which are placed 
on either side of the winding l3, the winding l2 
being connected in series with the winding L2. 
Winding 26 is connected to 2 by a conductor 29 
and terminals 30 and 3 are provided for group 2. . 
Winding L3 is connected to l3 by a conductor 32 
and terminals 33 and 34 are provided for group 3. 
These three circuitS, containing respectively, 

the coils (L1-+-l?), (L2-+-l2) and (L3-+-l3), 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 
Wide either a Voltage or a current three times 
the capacity of one circuit as required; or again, 
the three circuits may be connected permanently 

the firSt CaSe 
above, the reactance relationship that is secured 
assures that the transformer will exhibit the 
Same impedance characteristics, Such aS Voltage 
regulation 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 symmetrical; 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, 37, 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 L1, L2, L3) and the remainder of 
the winding (coils ll1, l2, l3) is that with all, three, 
circuits of the Secondary winding equally loaded, 
the secondary ampere turns in the four quadrants 

º 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 L1, L2, L3 
have 110 turns each and coils ll?, l2, l3 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: 
Each of those three circuits of the primary 

winding which is located in the quadrants con 
* jaining the L1, L2, L3 coils of the secondary wind 

ing carries 
110 

3X110--3X28 . 
of the primary line current; and the fourth cir 
cuit of the primary winding, located in the 

26.6% 

quadrant containing l?, l2, la coils of the sec 
35 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 (L1, L2, L3) and (l?, l2, l3). 

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 % 



2,374,597 
number of winding circuits is different from the 
number of groups or parts which córrespond to 
the physical symmetry of the apparatus, a por 
tion or a major portion of each of the Winding 
circuits is placed on a different winding receiving 
section of the core, such different Winding receiv 
ing sections typically comprising all but One of 
the total number of such sections, and all 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 when the structure of the 
transformer - does not lend itself to subdivision 
into an equal In Lumber of physical-symmetrical 
parts, and that the desired electrical Symmetry 
can be secured with reasonable accuracy 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 circuits, 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 physic?? symmetry differs from the num 
ber of circuits involved in the electrical sym 
metry by more than one. 
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3 
said windings having one more coil receiving Sec 
tion than said subdivided Winding has circuits, 
all of said coil receiying core sections being eX 
cited by in-phase fuXK, 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 windlings by being Subdivided re 
spectively intc major portions and minor oor 
tions, a major portion of each circuit being dis 
posed 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 transformer having at least 
two windings per phase, one of said windings 
being subdivided into a plurality of independent 
circuits 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 coil receiving sections being 
threaded by the same exciting flux, said coil re 
ceiving core sections having physical symmetry, 
Said circuits being disposed on said core means 
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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 I intend in the appended claims to 
cover all modifications which come within the 
spirit and scope of my invention. 
What I claim as new and 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 having major and minor, 
portions connected respectively together, Said 
major portion of said first winding surrounding 
approximately one-half of one 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 said first core leg, 
each of said minor portions of Nsaid three wind 
ings Surrounding the remaining one-half of said 
Second core leg, said minor portion of said first 
winding having two subportions placed at op 
posite ends of said second core leg remaining 
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` one-half, said minor portions of said second - 
winding having two subportions placed adjacent 
said subportions. of said first winding subportions, 
and Said minor portion of said third winding 
being placed between said subportions of said 
Second minor winding portion. V 

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

6309 
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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 circuit being disposed on a dif 
ferent one of said 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 is symmetrical about, longi 
tudinal and lateral axes so as to have four equal 
quadrants, a winding having three circuits each 
of which has a 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. Ar? 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 circuits each 
of which has a major portion and a minor por 
tion, the major portions of said circuits being 
disposed respectively on thíree of said quadrants, 
the minor portions of said circuits being dis 
posed 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 substantially symmetrical 
impedances with respect to each other. 

v ALEXIs N. GARIN. 


