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T'o all whom it may concern:

Be it known that I, Coruiss E. LEg, a citi-
zen of the United States, residing at Pitts-
field, in the county of Berkshire, State of
Massachusetts, have invented certain new
and useful Improvements in Transformers,
of which the following is a specification.

My invention relates to polyphase trans-
formers, reactors and other analogous de-
vices, and one object of my invention is to
provide an imj{)roved polyphase device of
this nature. more particular object of
my invention is to provide a polyphase
transformer which may be constructed of
substantially the same parts as are used in
single phase transformers of the so-called

“distributed core” type. The so-called “dis- -

tributed core” type of single phase trans-
former is well known and for the present
purposes may be defined as a transformer
comprising a single inner core leg carrying
the winding and a plurality, generally three
or four, outer core legs and corresponding
yokes completing independent magnetic cir-
cuits through the winding leg.  Another
more particular object of my invention is to
provide a polyphase transformer in which
one or more phases of the system may be
opened without affecting the operation of
the other phase or phases.

Preferably in carrying out my invention
I employ substantially a distritbuted core
single phase transformer for each of the
phases of the system on which the trans-
former is used, omitting one or more of the
outer legs of each of the single phase parts
or transformers and joining together yokes
of different transformers corresponding to
omitted legs so as to magnetically couple
the different transformers to some extent.
Preferably I retain such of the outer legs
of each of the single phase transformers as
correspond to yokes not required for mag-
netically coupling the transformers. By
thus employing substantially the same parts,
and to some extent the same assembly of
parts, as are used for single phase trans-
formers, I am able to reduce the costs, and
by empfoying something of the distributed
core type of construction I secure in poly-
phase transformers something of the ad-
vantages heretofore secured ip single phase

transformers by the distributed core con-
struction ; and further by employing one or
more independent magnetic return circuits
with each winding leg, each phase is to that
extent independent of the other phase or

phases and the polyphase transformer is

better able to operate on a part only of all
the phases when the other electrical circuit
or circuits are disconnected or open; the two

latter advantages of my invention can be ob-

tained of course even though the polyphase
transformer is not made up of single phase
transformer parts. It is possible by my in-
vention to provide a three phase trans-
former of substantially balanced magnetic
circuits as appears hereinafter.

In the accompanying drawing and the
following description I%la.ve illustrated and
described in some detail the best embodi-
ments of my invention of which I am now
aware. Figure 1 is a perspective view of a
preferred form of my invention embodied in
a three phase transformer. Fig. 2 is a per-
spective view of a modification of the con-
struction of Fig. 1. Fig. 3 is a plan view
of a three phase transformer embodying an-
other form of the distributed type of core
commonly found in single phase trans-
formers. Figs. 4 and 5 are plan views of
three phase transformers embodying still
another form of single phase distributed
core transformer construction; the arrange-
ments of the single phase parts are also dif-
ferent from anything - illustrated before.
Figs. 6 and-7 are elevations of adjacent lay-
ers of laminations of the transformer of Fig.
1. Tig. 8 is an elevation of a lamination
layer of the transformer of Fig. 3. Tigs. 9
to 11 are elevations of layers of laminations
of transformers resembling that shown in
Fig. 3.

The three phase transformer of Fig. 1 is
made up, substantially, of three single phase
parts or transformers 7, 8 and 9, each of
which is substantially like that shown in
Figs. 1 and 2 of the drawing of the patent
to Hall #861,029, July 23, 1907, except that
the core of each i1s made up of L-shaped
lamination sections instead of U and rec-
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a leg portion disposed in a leg of the core



o

10

15

20

30

40

co

2]

and a yoke portion disposed in yolie of
the core, and the lamination layers compris-
ing these sections are alternately reversed
(or reversed in groups of u small number
of layers per group), top and Lottom, to
break joints, as may be understood {rom the
later consideration of Figs. 6 and 7. These
transformers comprise a number of.cores
sections for each single phase part as ap-
pears from the. drawings and as may be

more completely understood from the above

Hall patent, these sections interlocking to
provide each of these transformers or parts
7.8 and 9 with a central winding leg 10
and four yoke members 11, 12, 13 and 14
at each end of the winding leg 10. This
form of construction is well known and need
be no further described. ‘The winding legs
10 carry the windings 15. Tn the- sifigle
phase part or transformer 7 of Tig. 1 of the
drawing of the specification the two yokes
11 are joined by an outer leg 17; likewise
the two yokes 12 are joined by an outer leg
18 and the yokes 13 by an outer leg 19.
The leg normally joining the two yokes 14
of the transformer 7 (that is the leg that
would be found joining the yokes 14 1f the
part 7 comprised a complete single phase
transformer as may be understood from
the above Hall patetit) has been omitted as
appears from Fig. 1 of the present draw-
ing ; this outer leg has been omitted by omit-
ting or taking away all the L-shaped lami-
nation sections, the leg portions of which
normally comprise this outer leg. The omis-
sion of these lamination sections results in
the creation of spaces in the yoke members
14; these spaces are filled by the interleaved
laminations or lamination sections 25 which
are later referred to in more detail. The
single phase part 9 of Fig. 1 is similar to
the part 7 except that the leg 18 joining the
yokes 12 has been omitted and the yokes 14
are joined by the usual outer leg 20. In
the single phase part 8 of Fig. 1 the two
yokes 11 are joined hy the usual outer leg
17 and the two yokes 13 are joined by the
usunl outer leg 19; but both of the legs usu-
ally joining the yokes 12 and the yokes 14
Jiave been omitted. The three single phase
parts 7. 8 and 9 are so assembled together
that the outer ends of the yoles correspond-
ing to each omitled leg of each transformer
are adjacent the outer ends of vole mem-
bers corresponding to an omitted leg of an-
other transformer; that is, the outer ends
of the yokes 12 of the single phase part or
transformer 8 are assembled adjacent the
outer ends of the yoke members 14 of the
single phase part or transformer 7, and like-
wise the outer ends of the yoke members 12
of the single phase part or transformer 9
are sssembled adjacent the outer ends of
the yoke member 14 of the single phase part

s or transformer 8 TFurther the single phase
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parts or transformers are so assembled that
the- spuees inc-the different adjacent yoke
members which decur by réason of the omis-
sion or taking away of the L-shaped lamina-

tion. sections, of. the omitted -legs, are dis-
“posed opposite each .other, and these spaces

are filled by interJeaved laminations or lami-
nation sections 25 of a rectangular shape
as before indicated. In order to illustrate
this assembly, the laminations of the trans-
former of Kig. 1 are shown as of much
greaterthicknesses thun is usual in practice.
Tn the transformer of Fig. 1 the L-shaped
lamination sections are 1llustrated as as-

semnbled and reversed In pairs, hence the

interleaved laminations or lamination sec-
tions 25 are inserted in pairs. - The assembly

70

80

of ‘the lamiration -sections of this trans-

former of Fig. 1 inay be more eagily under-
stood from a' consideration of Figs. 6 and 7.

Fig. 6 is 2 section taken on the line A—D
of Fig: 1 bhetween two layers, looking in the

‘dlirection of the arrow 6; Fig. 7 is a section
on line:A—=B of Fig. 1 Jooking in the direc-

tion ‘of ‘thie arrow 7; hence Figs. 6 and 7
illustrate adjacent lamination layers. The
vertical lined cross-sectioned patts 27 of

PFigs. 6 and 7 represent’in cross-section the

intermeshing ribs 27 (see Fig. 1) of the
winding legs corresponding to the ‘yoke
members 13. Since these yoke ‘members 13

.and their corresponding outer legs 19 (like

the yoke members 11 and the corregponding
outer: legs 17) ‘are unchanged in ‘the con-

‘struction of the three phase transformey, no

further notice need be taken ‘of thein.. The
remaining parts of Figs. 6 and 7 illustrate
adjacent laminations and as appears from
the location of the line A—B on Fig. 1.
illustrate laminations which are reversed,

‘top’ and bottém, with respect to each other.

TReferring first to the lamination layer of
Iig. 6; an L-shaped section 30 having a wide
leg portion and with its yoke portion 31 up-
permost, codperates with and at its ends
butts against another L-shaped lamination
section 32 nlso having a broad vertical leg
(forming a pwt of the winding leg 10 of
the part 7) but with its yoke portion at the
bottom of the ficure. These two lamination
cections 30 and 32 complete one of the lami-
nation lavers of the section of the single
phasge transformer © comprising the outer
leg 18, and this construction is the same
whether the single phase part 7 is used as a
single plase transformer {with the addition
of the usual leg joining yokes 14) or whether

this single phaseé ‘part 7 comprises a part of

the three phase transformer illustrated 1n
Fig. 1. The inner edge of the Jamination
section 32 ‘abuts of course against the inter-
meshed tib 27 as shown both in Fig. 1 and
in Fig. 6; at the opposite side of this rih 27
is located the ‘usual L-shaped section 33.
This L-shaped section howeyer has a narrow
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vertical leg (since this single phase section
7 is substantially similar to the construc-
tion shown in the above mentioned Hall
patent), also forming a part of the winding
legr 10 of the single phase part 7; the yoke
portion of the lamination section 33 1s at
the bottom of the figure. In the single
phase transformer or part 8 is a lamination
section 34 corresponding to the lamination
section 33, that is having a narrow vertical
leg and a yoke portion at the bottom of the
figure; the two yoke portions of the sections
33 and 34 abut as illustrated in Fig. 6. Be-
tween the upper ends of the vertical legs of
the sections 33 and 34 is one of the inter-
leaved rectangular laminations or lamina-
tion sections 95. As appears from Fig. 6
this lamination section 25 and the lamina-
tion sections 33 and 34 complete a magnetic
circnit through the winding legs 10 of the
single phase parts or transformers 7 and 8
so that these two single phase paits or trans-
formers are magnetically interlinked there-
by. The usual lamination sections 35 and
36 of the parts 8 and 9 are related in the
same manner as the lamination sections 33
and 34 and as appears from Fig. 6; that is,
the lower yoke portions abut each other and
a rectangular lamination section 25 joins the
upper ends of the vertical legs 35 and 36.
Following the construction described in the
Hall patent the lamination sections 35 and
36 have broad vertical leg portions. The
outer section of the transformer part 9 com-
prising the outer leg 20, comprises the usual
lamination sections 37 and.38 arranged quite
like the sections 30 and 32. It should be
observed that the lamination sections 25 and
the assembly together of the parts 33 and
34 and the parts 35 and 36 not only result
in magnetically connecting the winding leg
of the transformer part 8 with the Wmdlnor
leg of the transformer part 7 and the wind-
ing leg of the transformer part 8 with the
winding leg of the transformer part 9, but
also the winding leg of the transformer part
7 is magnetically connected with the wind-
ing leg of the transformer part 9 theveby.
As before mentioned and- for well-known
reasons, such as to secure better magnetic
action and greater mechanical strength. the
lamination layers of the transformer of
Fig. 1 are reversed in pairs, top and bottom,
to break the joints; that is, two lamination
layers similar to Fig. 6 are located adjacent
each other, then against one of these are
located two similar layers reversed top and
hottom, then two unreversed lamination
layers against these latter, etc., as may be
observed in Fi ig. 1. A reversed lamination
layer is illustrated in Fig. 7. The lamina-
tion sections of Fig. 7 bear the same refer-
ence numerals as the lamination sections of
Fig. 6 and these lamination sections are
similarly assembled except for the reversal

8

top and bottom. This reversal will be un-
derstood from a comparison of Figs. 6 and
7. A comparison of these two ﬁfrm es shows
that the lower parts of the Jamination sec-
tions shown in Iig. 6 appear as upper parts
in Fig. 7; and likewise the upper parts of
the sections of Iig. 6 are the lower parts in
Fig. 7. Thus the yoke portions of the lami-
nation sections 33 and 34 abut each other at
the bottom of Fig. 6 and at the top of Fig.
7; correspondingly, the lamination sections
25 of Fig. 7 are at the bottom of the figure
rather than at the top of the figure as in
Fig. 6. It appears from this that when the
lamination layers of Fig. 7 is applied against
the face of the lamination layer of Fig. 6,
each lamination section 25 lies against “and
spans the joint between yoke portions of
lamination sections 33 and 34, or between
35 and 36.

It thus appears that the three phase trans-
former of Fig. 1 is substantially made up
of parts of and of substantially the same
assembly of these parts of, three similar
single phase distributed core transformers
(7, 8 and 9), these single phase transformers
being modified substantially only by omit-
ting the L-shaped lamination sections (simi-
lar to 30 and 38 of Figs. 6) corresponding to
one outer leg of each of the single phase
transformers 7 and 9 and two outer legs of
the single phase transformer 8§, lamination
sections 25 being interleaved into the yokes
12 and 14 at the spaces created by the omis-
sion of the yoke portions of the omitted lam-
ination sections.

The three phase transformer of Iig. 2 is
substantially similar to that of TFig. 1 ex-
cept that the two outer single phase p'nts or
transformers 7 and 9 engage the part or
transformer 8 at Qd]fxcen* core sections
rather than at opposite core sections as in
Fig 1; this results in producing a three-
phase ‘transformer which has generally a
triangular outline rather than the generally
lect'mrruhx outline of the transformer of
Fig. 1. The transformer of Fig. 2 fnrther
is distinguished from the transformer of
Fig. 1 in that the lamination Iavers are re-
versed mdividually and alternstely rather
than alternately in pairs as in the trans-
former of Fig. 1. The adjacent yvoke mem-
bers COI‘lGSp()IldXIl" to the omitted legs of the
different transformers are joined l)v inter-
leaved lamination sections 25 ns in the con-
struction of the transformer of 11z 1. The
construction of the transformer of Fig. 2
will be understood without further de-
seription.

The three-phase transformer, the plan
view of which is shown in Fig. 3, is quile
similar to that shown in Fig. 1 except the
three single phase parts or transformers are
of a different form. These single phase
parts or transformers are of the general con-

70

85

90

5

100

105

110

115

120

125

130



10

15

20

25

30

35

40

45

50

65

60

66

= 3

struction disclosed in the patent to Iall
4+755.766, March 29, 1904, except that the
cores are made up of L-shaped punchings
rather thun of the U-shaped and rectangular
punchings illustrated in that Hall patent.
As Dbefore indicated with respect to the
parts of the polyphase transformer of Fig.
1, the construction of these single phase
transformers from L-shaped punchings is
well-known. Fig. 8 shows in elevation one
lamination layer taken on the line C—D
of Fig. 3. Tt will be observed that this lam-
ination layer is composed of L-shaped lam-
ination sextions 40 and interleaved rectangu-
lar sections 25 which are assembled in sub-
stantially the same way as in Fig. 6; of
course, since the four core. sections of the
core of each single phase part do not inter-
mesh or interlock, ribs 27, such as appear
in Fig. 6, do not appear in Fig. 8. The
lamination layers are reversed, top and bot-
tom (as the laminatien layers of Fig. 6 are
reversed individually or in groups) groups
of small members of layers as before de-
scribed. This construction possesses one ad-
vantage over the construction of Fig. 1 here-
tofore described, in that the magnetic flux
passing, for example, from the winding leg
of the single phase part 7 to the winding
leg of the single phase part.9 is required to
traverse a smaller number of joints.

In Figs. 9 and 10 are shown in elevation
another construction of the lamination lay-
ers by which a better magnetic connection
is secured in a three-phase transformer quite
closely resembling that of Fig. 3. These
Jamination layers may be.substituted in the
transformer of Iig. 3 in the place of those
illustrated in that figure and in Tig. 8.
These lamination layers are also made up
of L-shaped sections and rectangular sec-
tions but the legs of the sections forming the
winding legs are of different widths; thus
the lamination section 45 has a larger width
of winding leg than the lamination section
46. The adjacent lamination layers are re-
versed as before in order to break joints but
they are reversed not only top and bottom
Lut also end to end. Thus the lamination
layer of Fig. 10 is similar to the lamination
laver of Tig. 9 except that it is reversed
both top and bottom and end and end; in
the winding leg of the single phuase part
or transformer 7, the nwrrow leg lamina-
tion 46 of the lamination layer of Fig. 9
is found to the left of the broad leg lamina-
tion section 45 and the yoke portions of
these lamination sections are at the bottom
of the ficure, while in the lamination layer
of Fig. 10 the broad leg lamination section
45 is found at the left of the narrow leg
section 46 and their yoke portions are at the
top of the figure. It will be apparent that
when the long longitudinal portion of the
three phase transformer core of Fig. 3 is

1,300,050

built up of the lamination layers of Figs.
9.and 10 alternating either individually or
in small proups, all the joints of the mag-
netic circuit are broken or bridged and mag-
netically the core will function better be-
tween the different winding legs.

A still further. form of lamination. layer
for substantially such a three-phase trans-
former as is shown .in Fig. 3, is illustrated
in, elevation .in Fig. 11.  This lamination
layer comprises a plurality of L-shapes 50
assembled substantially as before indicated to
form the winding legs and .yokes of. the
single phase parts or transformers.7, 8 and
9. The outer end legs of the cores .of the
single phase parts or transformers 7 and 9
are made up of L-shapes 51, the legs of which
are longer than the legs of the L-shaped sec-
tions 50 by the width of the yoke portions of
the L-shaped sections. This lamination layer
is distinguished from the layers previously
described .particularly by the long inter-
leaved lamination section 52. As appears
from Fig. 11 this interleaved lamination sec-
tion 52 extends between the ends of the yoke
portions of the lamination sections 51 and
completely across the ends of the leg portions
of .the lamination  sections. 50 forming the
three winding legs. Thus at one side of the
lamination layer there is an uninterrupted
magnetic path connecting the ends of all'the
winding legs. Such lamination layers are
reversed top and bottom as more particu-
larly -described  with respect to Figs. 6 and
7, these reversals oceurring as before either
alternately with respect to individual lami-
nation layvers or alternately with respect to
small groups of lamination layers. By this
construetion there is a somewhat still better
magnetic cirenit provided for the magnetic
flux passing between the different winding
legs. C o . ‘
Tigs. 4 and 5 are plans of three-phase
transformers embodying other forms of my
invention, these polyphase transformers com-
prising single phase transformers of the sort
disclosed in Patent No. 1,282,086 issued in the
name of Sven E. Johannesen, on October 22,
1918, particularly those lustrated in Figs.
1 and 2 of the drawing of that application.
Since this sort of single phase transformer is
clearly deseribed in that co-pending applica-
tion it 1s not necessary to further describe
it here.

These figures illustrate not only the ap-
plication of my invention to this particular
form of the distributed core type of trans-
former, but also ilustrate how it is possible
by my invention to provide a three-phase
transformer of substantially balanced mag-
netic cirenits.

Referring first to Iig. 4: In the three-
phase transformer construction illustrated
in this figure, two of the three outer legs of
each single phase part or tranformer 50, 51
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and 52 are omitted. . ‘The single phase parts
or transformers are so disposed with respect
to each other that the winding legs are sub-
stantially at the apexes of an'equilateral
triangle and the ends of the yoke members

the omitted legs of each

3

posed ‘adjacent ends’of yoke members of the
other two single phase parts or transformers
as appears from Fig. 4. As described in de-
tail with relation to the construction of Fig.
1, interleaved lamination sections 25" are dis-
posed in the spaces of the yoke members of
the single phase parts and magnetically con-
nect the winding legs. These interleaved
laminations sections 25! extend from substan-
tially adjacent the outer surface 55 of one
winding leg to substantially the outer surface
55 of another winding leg, that is completely
§1] the spaces created by the omission of the
outer leg lamination sections. In conse-
quence of the three section form of the
single phase transformers and in further con-
sequence of the relative locations of the
single phase transformers with respect to
each other, the members of each set of inter-
leaved laminations 25%, that is, the members
of each lot of laminations 25’ which join
each two certain winding legs, are of a num-
ber of different lengths and furthermore are
bent at an angle as ilustrated at 56; to this
extent these interleaved lamination sections
95t differ from the sections 95 of the con-
struction of Fig. 1 and other constructions
before described wherein the interleaved
lamination sections 25 are of the uniform
length and without bends. The dotted lines
57 indicate the outer ends of the yoke por-
tions of the L-shaped lamination sections
passing through the winding leg of thesingle
phase transformers, at least under the usual
single phase conditions.

The single phase parts or transformers of
the three phase construction of Fig. 5 are
differently disposed. As before, the winding
legs of the three transformers are disposed
at the apexes of an equilateral triangle, but
in this case only one outer leg of each of the
single phase parts or transformers 50, 51
and 52 is omitted. The ends of the yoke
members corresponding to the omitted legs
of the three singﬁe phase parts are disposed
adjacent each other at the center of the tri-
As before, interleaved lamination
sections 25" are inserted to magnetically join
the winding legs. Tn a manner somewhat
similar to that of the construction of I'ig.
4 the lamination sections 25 are bent and
of varied lengths. It will be observed that
each voke member in the construction of
Tig. b is directly joined to two other yoke
members by means of the interleaved lami-
nation sections 25'; this is a distinctive fea-
ture of this construction. Various refer-

angle.

S

ence characters which appear on Trig. 4 also
appear on ¥ig. b and represent the same ele-
ments or features.

Tt should be understood that while in the
above and in the following claims I have
referred substantially only to transformers,
my invention may be embodied in polyphase
reactors-or other analogous devices, and
aim in the appended claims to include such
other devices.

While I have described the principle of
my invention and the best mode 1 have con-
templated for applying this principle, other
modifications will occur to those skilled iu
this art and I aim in the appended claims
to cover all modifications which do not in-
volve a departure from the spirit and scope
of my invention.

What T claim as new and desire to secure
by Letters Patent in the United States, 1s:

1. A polyphase transformer comprising
substantially a plurality of distributed core
transformer elements, yoke members of each
of said transformer elements being joined
end to end to yoke members of another of
said transformer elements.

9. A polyphase transformer composed of
a plurality of distributed core type trans-
former elements, a portion of the core of
each of said elements having free yoke mem-
bers, said yoke members being joined to-
gether end to end in the polyphase trans:
former.

3. A polyphase transformer comprising 2
plurality of winding legs. windings on each
of said legs, yokes and an outer leg complet-
ing an individual magnetic cireuit for each
of said winding legs, and yokes joining sald
winding legs together.

4. A polyphase transformer composed of
a plurality of single-phase distributed core
type transformer olements, the core of each
clement being laminated and having a pre-
determined number of open and closed mag-
netic circuits, the open circuited core por-
tions providing yokes with free ends; sald
yokes of different clements being abutted
and joined together ond to end in the poly-
phase transformer.

5. A polyphase {ransformer composed of
a plurality of single-phase distributed core
tvpe transformer “lements, the core of each
olement heing lwminated and having a pre-
determined number of open and closed mag-
netic circuits, the open cirenited core por:
tions providing yokes with free ends; said
yoles of different elements being abutted,
and laminated material interleaved there-
with whereby said elements are joined to-
gether.

6. A three-phase transformer composed of
three singe-phase Qistributed core type
transformer elements, the core of each ele-
ment being laminated and having n mag-
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nctic circuits n—2 only of which in one
clement ure closed, n—1 only being closed
i the other elements; said elements being
united with magnetic material associated
with the open cirenits whereby said open cir-
cuits are closed through adjacent elements.

7. A polyphase transformer comprising «
plurality of distributed core type trans-

former.elements and magnetic material unit-
ing said elements arranged whereby said
elements have a plurality of amagnetic eir-
cults in. common.

In witness whereof, I have hereunto set
my hand this sixth day of September, 1917.

CORLISS E. LEE.
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