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To all whom it may concern: 
Be it known that I, SAMUEL HoRELICK, a 

citizen of the United States, residing at 
Pittsburgh, in the county of Allegheny and 
State of Pennsylvania, have invented cer 
tain new and useful Improvements in Poly 
phase Transformers of which the following 
is a specification. - 
This invention relates to polyphase trans 

formers and particularly to the form of the 
core and its relationship to the polyphase 
windings. . 
The polyphase transformer is generally 

... preferable to the use of a plurality of 
15 , - . single phase transformers by reason of the 

economy in cost of material and the cost of 
manufacture. In some forms of polyphase 
transformers, particularly those of the sim 
plest types, the parts are not symmetrical 
throughout in their relationship; and in 
operation the 'unsymmetrical distribution 
of magnetic flux causes an unbalanced or 
irregular action which not only lessens the 
efficiency, but also unbalances and distorts 
the resulting electromotive forces and cur 
rents induced in the secondary windings 
and results in wide variations in operating 
exciting current, with attendant greater 
variations in instantaneous exciting current 
and in the various magnetic circuits and 
phases. : - - - - 

One object of my invention is to produce 
a polyphase transformer of a simple con struction and capable of being economically 
manufactured and in which the parts are so 
related as to give quite a symmetrical rela 
tionship and operation throughout the cycle 
of operation. I accomplish this by provid 
ing a 'construction which will give quite a 
symmetrical relationship of the paths for 
the magnetic flux so that in operation any 
irregular condition or relationship of the 
interactions is substantially avoided. Also 
by my improved construction all of the 
windings are capable of being symmetri 
cally, similarly and uniformly EEE 
and also similarly and equally ventilated in 
all parts. The construction as a whole is 
also economical in the amount of material 
required in the polyphase core and coils. 
Another object of my invention is to pro 

duce a polyphase transformer which will 
have high efficiency and low and symmetri 
cally distributed exciting current, both nor 
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mal operating and instantaneous, on all 
magnetic circuits or phases, and this results 
from the relationship of the parts and their 
form of construction. 
My invention will be understood by ref 

erence to the accompanying drawings illus 
trating one embodiment thereof, the par 
ticular embodiment illustrating a three 
phase transformer. 

Fig. 1 is a front elevation of the poly 
phase transformer illustrating the poly 
phase core and coils; Fig.2 is a plan view 
thereof with the core shown in a central section: Fig. 3 is a diagram showing the out 
lines of the core and indicating generally 
the paths of the magnetic flux at aparticu 
lar instant and Figs. 4, 5 and 6 are similar diagrams indicating the general paths of 
the magnetic flux at different instants. 

Figs. 1 and 2 show three windings 10" 
10' and 10° each comprising the primary and 
secondary coils of one of the three phases, 
their connections being such as may be de 
sired in any particular instance. The wind 
ings have laminated central cores 11, 11 
and 11 respectively. At each end of the 
transformer is a leg 12 and 12 at the out 
side of the end windings and in the plane 
of the laminae of the portions 11, 11 and 
11 within the windings. The portions 
above referred to are joined to and complete 
their magnetic circuit through an upper 
portion 13 and a lower portion 13 which 
are made up of laminae and extend length 
wise in the plane of the lamine of the other 
portions, as shown in Fig. 1. It will of 
course be understood that the core may be 
built up of laminae of such length and shape 
as to suit the particular preference of the 
designer as regards economy in cutting the 
sheet material and in the assembly of the 
parts to form the complete core as above de 
scribed. Ventilating spaces 14 may be pro 
vided in the core. 
The primary and secondary coils are of 

general elliptical or oval form, as shown in 
Fig. 2; and the central core of each of the 
coils and likewise the end legs and the up 
per and lower connecting portions are deep 
in the direction perpendicular to the plane 
of the lamina compared with the width of 
the core between the interior side surfaces 
of a coil; and the central core of each of the 
coils has a general outline conforming to the 
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interior surface of the coils by tapering the 
ends. The core within each of the coils is 
therefore in close proximity to the coils 
throughout and preferably has a general 
elliptical form conforming in outline gen 
erally thereto, with notches as shown form 
ing ventilating spaces. Also there is only a 
small part of the: coils not enclosed by the 
iron, resulting in giving quite a complete 
low reluctance path for the flux around 
nearly all pgrtions of the coils. 
The continuous and gradually curved 

shape of the coils and the avoidance of abrupt bends, gives a very uniform distri 
bution of the magnetic flux created by the 
coils and permits the effectiye and eficient 
use thereof. The portions of the core with 
in the coils, being similarly shaped and in 
close proximity E. the interior surface of 
the coils, results in their carrying the flux effectively and efficiently, because they pre 
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serve the gift flux distribution asset up by the epils and fully utilize the space 
within the coils. The eonstruction results 
in a harmonidisinteraction between the coils and the core; and irregular interactions 
which tend to reduce efficiency are overcome. 

Figs. 3 to 6 indicate in a general way the 
paths of the magnetic lines of force at cer 
tain instants. In Fig. 3 the flux in portion 
11 is assumed to have the maximum value, at which time, the fluxin portions 11 and 11 will theoretically have one-half the value and pass E, through these portions and upwardly, through portion 11. The 
flux will take the paths as indicated approxi 
mately, in Fig. 3 in direction and amount. 
In Fig. 4 the flux through the portion 11 
is assumed to be zero and the flux through 
the portion 11 will have the same direction 
as before, but less in amount. The flux 
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through portion 11 will have the same dire:- 
tion, as before, but in greater amount. The 
paths of the flux and their amounts are indi 
cated in a general way in Fig. 4. 

In Fig. 5the flux through the portion. 11 
is assumed to have maximum value, at which time the flux through portions 11 and 11° 
will have half the maximum value, and be 
in the opposite direction giving the paths of 
the flux and their amounts as indicated in Fig. 5. In Fig.6 the flux through portion 
11' is assumed to be zero, at which time the flux through portion 11 will be less than the 
paximum and the flux through portion 11 will have the same.yalue, but in the oppo 
site direction, the general condition being in 
dicated in Fig. 6, , , - 
Of course additional instants of operation 

could be considered but the above are suf ficient to show, the advantage of my inven 
tion in this respect. That is, it will be seen 
that the length of the paths taken by the 
magnetic flux is at all instants generally the 
same and in cases where the length of the 
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path is sometimes longer, the amount of flix 
passing through the longer path is of coin 
paratively small amount. Consequently the 
reluctance opposing the small amount of flux 
faking the longer path causes no appreciable 
unbalancing. Thus with my invention a 
greatly improved condition is obtained due 
to the close approach to symmetrically re 
lated conditions at all times. Consequently 
the flux harmonizes quite well with the in 
duced magneto electromotive forces and dis 
tortion of the wave forms is reduced to a 
minimum. 

It will be noted that the magnetic flux of 
each phase has two paths in parallel at every 
instant of the cycle, thus reducing core loss 
and normal and instantancous exciting ca 
rent, and also at the same time attaining 
these advantages with a minimum amount 
of core material. . . ' ' . . . 

Also by use of my invention it will be 
seen that the upper and lower portions of 
the core and the end portions of the core 
garry pnly about one-half of the magnetic 
flux of the portions of the core within the 
coils which permits the size of the outside 
portions to be made considerably narrower 
than would be necessary in case they were 
lequired to carry the same amount of flux 
as the portions within the coils. The cross 
Section of each end portion is such as to permit free, and uninterrupted flow of ap 
proximately one-half of the magnetism from 
the core of an adjacent coil. In practice, 
this is attained with best economy by mak 
ing the cross sectional area of each end por 
tion approximately one-half of the cross sec 
tional area of the portion of the core within 
a coil, as shown in Fig. 2 of the drawings. 
It is also evident that all of the coils are 
similarly situated with relation to the core 
which permits them all to be similarly sup 
ported and similarly and equally ventilated, 
tlus giving a uniform and symmetrical con 
struction throughout. 

Since the portions of the core outside the 
coils are required to carry only one-half of 
tlae magnetic flux within the coils and since 
the core is deep in a direction perpendicular 
to the plane the laminae, the portions of 
the core outside the coils may be made com 
paratively narrow. These narrow portions 
also improve the efficiency and operating 
characteristics of the transformer in that 
the path of the flux is shortened closely 
around the coils and in passing through the 
narrow portions occupies quite completely 
and NFORS the whole of the cross sec 
tions of the portions through which the flux 
is passing at any instant. 
The advantages resulting from my inven 

tion in improved operating characteristics 
and efficiency also permit the portions of the 
core within the coils to be made smaller than 
in prior constructions, which permits the size 
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of the coils to be made correspondingly 
Smaller with resulting economy in cost of 
copper, while still obtaining greatly im 
proved results in efficiency and operation. 
Although I have described my invention 

with reference to a three-phase transformer, 
it is evident that it may be applied to poly 
phase transformers of a different number of 
phases and the connections of the coils may 
of course be such as to suit the particular 
requirements without departing from the 
scope of my invention. - 

I claim :- . . . 

1. A polyphase transformer comprising, 
coils side by side in the same plane, and a 
laminated transformer core having all of 
its laminae in planes parallel to each other 
and having a lengthwise portion extending 
along each end of the coils respectively, 
and having intermediate portions: iconnect 
ing said lengthwise portions and extending 
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through the coils, and also having end por 
tions located at the outside of the:end coils, re 
spectively, and connecting the said length 
wise portions the magnetism, created in the 
said intermediate sportions of the core all 
passing in said parallel laminae and the 
cross section of each of said end portions 
being approximately half that of one of said 
intermediate portions, the said intermediate 
and end portions having greater depth of 
said parallel laminae in a direction per 
pendicular to the plane of the coils than 
width, and the interior dimension of said 
coils in a direction perpendicular to the 
plane of the coils being greater than the 
dimension in a direction parallel to their 
plane. 

2. A polyphase transformer comprising 
coils side by side in the same plane, the 
interior surfaces of said coils having 
gradually and continuously curved end por 
tions, and a laminated transformer core hav 
ing a lengthwise portion extending along 
each end of the coils respectively, inter 
mediate portions connecting said length 
wise portions and extending through the 
coils, and end portions located at the out 
side of the end coils respectively and con 
necting the said lengthwise portions, the 
said core comprising laminae all of which 
are parallel to the plane of the coils, the 
said intermediate portions having greater 
depth of said parallel lamine in a direc 
tion perpendicular to the plane of the coils 
than width, the interior dimension of said 
coils in a direction perpendicular to the 
plane of the coils being greater than the 
dimension in a direction parallel to their 
plane, the width of said lengthwise por 
tions and of said end portions of the core 
being narrow compared with the width of 
said intermediate portions and the cross Sec 
tion of each of said end portions being ap 
proximately half that of one of said inter 
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mediate portions, and the magnetism 
created in said intermediate portions of the 
core all passing in said parallel laminae. 

3. A polyphase transformer comprising 
coils side by side in the same plane, the 
interior surfaces of said coils having a 
gradual and continuous curvature through 
out, and a laminated transformer core hav 
ing all of its laminae in planes parallel to 
each other and having a lengthwise por 
tion extending along each end of the coils 
respectively, and having intermediate por 
tions' connecting, said lengthwise portions 
and extending through the coils, and also 
having end, portions located at the outside 
of the end coils respectively and connect 
ing the said lengthwise portions, the cross 
section of...each of said end portions being 
approximately, half that of one of said in 
termediate: portions, and the magnetism 
created in the said intermediate portions of 
thef: core: 'all passing , in said parallel 
laminae. ". . . . . ; " ; , ; ; , ; ; : . . . . 
i., 4: A polyphase, transformer comprising 
coils side, by, side' in the same plane, and 
a...: laminated, transformer core having a 
lengthwise... portion extending along each 
end of the coils respectively, and having 
intermediate; portions. . connecting said 
lengthwise portions and extending through 
the coils and also having end portions lo 
cated at the outside of the end coils respec 
tively and connecting the said lengthwise 
portions, the said intermediate portions of 
the core comprising laminae parallel to the 
plane of the coils and having greater depth 
of said parallel laminae in a direction per 
pendicular to the plane of the coils than 
width, and the interior dimension of said 
coils in a direction perpendicular to the 
plane of said coils being greater than the 
dimension in a direction parallel to their 
plane, said coils being of general elliptical 
form. 

5. A. polyphase transformer comprising 
coils side by side in the same plane, and 
a laminated transformer core having a 
lengthwise portion extending along each 
end of the coils respectively, and having 
intermediate portions connecting said 
lengthwise portions and extending through 
the coils and also having end portions lo 
cated at the outside of the end coils respec 
tively and connecting the said lengthwise 
portions, the said intermediate portions of 
the core comprising laminae parallel to the 
plane of the coils and having greater depth 
of said parallel laminae in a direction per 
pendicular to the plane of the coils than 
width, the interior dimension of said coils 
in a direction perpendicular to the plane of 
the coils being greater than the dimension 
in a direction parallel to their plane, and 
the interior surface of the coils having 
gradually and continuously curved end por 
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tions, and the bentral portion of each core 
conforming in, general outline to the inner 
surface of each of the coils respectively. 

6. A polyphase transformer comprising 
coils, side by side in the same plane, and 
a laminated transforther core having a 
lengthwise portion 2 extending along, each 
end of the coils-respectively :hidha Ying 
intermediate portions coinecting said 
lengthwise stortion: extending alohar each 
the coils and also having end portions to: 
cated at the outside of the end coils respec tively and confecting the said lengthwise 
portiéns, the said internetdiate and end bor 
tions of the tore comprising laminae paral 
lel to the platie of the coils and having 
greater, depth bf said parallel lamina in a 
direction perperidicular to thb plane of the 
coils thadwidth thie ihteriér fineligiot of 
syid coils' inh direction perpendicular to 
the flane of the cits being greater that tie 
diht&ision: if a direction parallel to their 
plane, and the interior surface of the itsils having gradually kindleontinibusly durited 
end portions, arid the said intermediate per tions conforming in general outlife to the 
inner strface 6 feath of the coils. réspec 
tively. . . . . . . . . . . ... ( , ", , ; ; ; , , " : A polyphase : :"... tar's 

transformer' comprising 

coils side by side and having their axes 
parallel to each other in the same plane, and 
a cle having a portion within each of the 
coils respectively, an end portion outside 
each of the end coils, and a portion joining 
Eile ends of each of said portions respec 
tively, each of said coils having an interior 
surface of general elliptical form, and the 
general contour of the portions of the core 

30 

passing through the coils conforming to the 
interior surface of each of the coils respec tively. 

S. A polyphase transformer compirising 
coils side by side and having their axes 
substantially parallel to each other in the 
same plane, A. a laminated core having 
all its laminleifi planes parallel to each 
other and having a portion within each 
of the coils respectively, an end portion out 
side each of the end coils, and a 
joining the ends of each of said portions 
respectively, each of said coils having an 
interior surface of 'general elliptical form 
and the general: contour of the portions of 
the corb passing through the coils conform 
ihg to thre' interior surface of each of the coils respectively. . . . 

SAMUEL HORELICK. 
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