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To all whom it may concern:

Be it known that T, SamueL Horerick, 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
1s a specification. = ‘ o o

This invention relates to polyphase trans-
formers and particularly to the form of the
core and its rélationship to the polyphase
windings. -+ L o ‘

The polyphase transformer is generally
preferable "to the use of a’ plurality of
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 mot symmetrical
throughout in their relationship; and in
operation the ‘unsymmetrical distribution
of ‘magnetic flux causes an unbalanced or
ar action’ which not only lessens the

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
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 su ported
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. : S

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. T

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.a particu-
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 plané
of the laminez of the portions 112, 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 Jamine and estend length-
wise in the plane of the lamins of the other
portions, as shown in Fig. 1. Tt will of
course be understood that the core may be
built up of lamine 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 lamins 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 skown form-
ing ventilating spaces. Also there is only a
small part of-the: coils not ‘ienclosed by the
iron, resulting in giving. quite a complete
low reluctancea path for the flux around
nearly all portions of the coils. ‘ 3

.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 effective and eflicient
use th,ére'o'g The. portigns of the core with-
in"the coils, being similarly shaped and in
close proximity 51 the interior surface of
the coils, results in. their’ carrying the flux
because they pre-
serve the qm,fo_;m,ﬁfux distribution as set
up by the coils and fully utilize the space
within the coils. ' The, eonstruction results
in: a harmoniotis interaction Letween 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‘magnptic_liixes‘of{ force at cer-
tain instants. In Fig. 3 the flux in portion
1% is assumed, to have the maximuym value,
at which time the flux in portions 11* and
11¢ wjil_t;hébrgticall have oné-half the value
and pass. dowr_iw’sj,rdfy _th;‘b'ug'h these portions
and’ upwardly hrough 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 anﬁ the flux through
the portion 11* will have the same direction
) t.le The Aux
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. 5 the fiux 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 gpposite direction giving the paths of
the flux and their amounts as indicated n
Fig. 5. ‘In" Fig. ¢ the flux through portion
11% is assumed to be zero, at -whi,ci time the
flux ‘through portion 11° will be less than the
maximum and the flyx through portion 11°
will have the same yalue, but in the oppo-
site diregtion, the general condition being in-
dicated in Fig. 6, . .

Of course additional instants of operation
c@t‘l_ld be considered but the above are suf-
ficient to show.the dvantage of my inven-
tion in this respect.

That is, it wil be seen
that the length of the paths taken by the
magnetic flux ds at all instants genevally the
satme and in’ cases where the length of the
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path is sometimes longer, the amount of flux
passing through the longer path is of com-
paratively small amount. Consequently the
reluctance opposing the small amount of flux
talking the longer path eauses 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 ta a
minimurn.

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 andbinst»ant:\neous exciting cup-
rent, and also at the same time attaining
these advantages with a minimum amount
of core material. | ) L

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
carry only about one-half of the magnetic
flux of the portions of the core within the
coils which permits the sizeé of the outside
portions to be made considerably narrower
than would be necessary in case they were
required to carry the same amount of flux
as the portions within the coils. The cross
sectign. 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 vy malk-
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 ulso 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,
thus giving a uniform and symmetrical con-
struction throughout,

Since the portions of the core putside the
coils are required to carry only one-half of
the magnetic flux within the coils and since
the core is deep in a direction perpendicular
to-the plane ,o;l the lamine, the portions of
the core outside the cpils may he 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 ._uni%drmly the whole of the cross sec-
tions of thie portions through which the flux
is pagsing 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

70

80

§5

90

95

100

105

110

115

120

126

130



10

15

20

1,425,081

of the coils to. be made correspondingly
smaller -with resulting economy in -cost of
copper, while still obtaining greatly 1
proved results in efficiency and operatlon
Although I have described my invention
with reference to a three-phase transformer,
it is evident that it may be applied to poly-
phiase transformers of a different number of
phases and the connections ofi the coils may
of course :be such as to suit-the. particular
requirements without departing from: the
Snope of my mventlon
I claim :—

1. A polvphase tmnsformer comprising,
coils side by side in the same plane, and a
laminated transformer core:having all of
its laminse 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 lengtliwise portions and extending
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through the coils, and also’having-end. por-
tions located 4t the-outside of theiend coils re-
spectively-and 'connecting -the said length-
wise portions, the magnetism. ¢reated;in the
said : 1nterme(i1ate 'portions :of-:the’ core all
passing in said parallel laminee, and the
cross section of each of said end portions
being dpproximately halfthat of one of said
intermediate portions, the said intermediate
and end portions havmg greater depth of
said parallel laminz 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-
tlons, 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 laminz 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
heing 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-

8

mediate - portions, - and the magnetism
created in said ‘intermediate portions of the
core all passing in said parallel laminze.

3. A polyphase transformer comprising

coils side by side in the same plane, the
interior .surfaces -of 'sald coils having a
gradual and continuous curvature through-
out, and a laminated transformer core hav-
ing.all -of ‘its: laminee 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:alse
having-end, portlons located at the “outside
of:‘the end coils respectlvely 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 mtermedxate portions of
the!: core:..all - passmg sald parallel
laminge.: . oje -
Pl A polyphase transformex rompnsmo'
coils .side.-by. side'.in the same plane, and
a.i Jaminated,.. transformer core - having a
lengthwise. . portlon extending along each
end of the coils respectlvely and havmw
infermediate ;....portions. .connecting said
lengthwise portlons and extending through
the coils and also having end portions Jo-
cated at the outside of the end coils respec-
tively and connecting the said lengthwise
portions, the said intermediate portions of
the core comprising lamins parallel to the
plane of the coils and having greater depth
of said parallel laminez in a divection 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 sald 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 portlons of
the core comprising lamine 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 tentral portion -of each tore
coriforming in. general outline to thé inner
surface of each of:the coils respectivély.
6.°A polyphase transformér ‘comptrising
coils side by side-in the same 'pline, and
a laminated . transforiner -cote having ‘a
lengthwise . portion -extending ialong. cach
end of the coild-respdetively; hnd: having
intermediate - portions i connecting . said
lengthwise portion:extedding: a’log’g each
the coils and also”having'end: portions lo:
cated-at the outside of tHe end coils: respec-
tively -and conhecting ‘the “suid fengthwise
portibms; the said intérmeditte wind end por-
tions of ‘tht tork domprising laminae paral-
1l to thé platieofthe colls and havirg
grentef: depth bf said’ pdrullel lamin®iin
ditection’ perperdieuldr té:the plane ‘of the
coils than: widthi thie:ihtériér: Hithengion: of
sdid oils in-k difection  perpendicdlar td
the plant of the vbits belng wrester than tie
dintérislon - ifi- a 'diréttist (pardtlel o their
plane, and the interior surface of thwitsild
Having - 'g’{iad'ﬁa‘ll' ‘ind idofitinkibusty durded
énd pottiohs; &1d the said interiediate por-
tiohs' ‘conformniing in' gehsral! odtline to-the
inér gtirthice 6f ¢ath' of 'the: coild” réspee:
tively. v oveasn ERETCITE A PR
7. A pblyplidse

SRR ey

tkansformer - cofaprisihy
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coils 'side by side and ‘having their axes
parallel to cach other in the sambe plane, and
a core having a portion within each of the
coils respectively, an end portion ocutside
cach of the end coils, and a portion joining
the 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.

8. A polyphase transformer compiising
cotls side by side and:having their axes
substantially parallel to each other in the
samk plane, 'zgnd= a laminated “core -having
all its:laminte’ ili- planes parallel to each
other -dnd chaving a pbrtion within each
of the coils respectively, an énd portion out-

40

45

side ieach -of ithe erd coils. and a portion -

joining! thé ends of each ofisaid portions
vespettively, each of said ¢oils having ah
interior surfacé of-'general elliptical form,
and:the enerul: contour: of the portions of
thié cork passing through: thé coils conform-
ihg to-tlre! interior:surface ‘of each of the

cofils respectitely:
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