No. 808,740, _ ' PATENTED JAN. 2, 1906.
' J. I. FRANK. .
TRANSFORMER.

APPLICATION FILED MAK, 27, 1905,

R ' ;

/;Z _J_E;E’:nlt Illlllliiniffﬁ TS

m
H

4

+ 'ﬂ:"“:ﬁiﬁ:'r‘
R
i1t

::n::'r'l' i
M
i

' [} b}

el
aih! L l:l'l'lll |
T e

:t-:;r -,r,gﬁﬁ;.;:p.,-: 4

INVENTOIR:

John J. Frank,

By Qllood § Lo
FELY.

WITNESZE




UNITED STATES PATENT OFFICE.

JOHN J. FRANK, OF SCHENECTADY, NEW YORK, ASSIGNOR TO GENERAL
ELECTRIC COMPANY, A CORPORATION OF NEW YORK.

TRANSFORMER.

No. 808,740.

Specification of Letters Patent.

Patented Jan. 2, 196

Application filed March 27, 19056, Serial No. 252,174,

To all whom it may concermn:

Be it known that I, Jorx J. FRANK, a citizen
of the United States, residing at Schenectady,

county of Schenectady, State of New York,

5 have 1nvented certain new and useful Im-
provements in Transformers, of which the fol-
lowing 1s a specification. |

My 1invention relates generally to the con-
struction of stationary inductive apparatus,

1c and particularly to the construction of the
laminated magnetic core of transformers.

The object of my invention is the produc-
tion of an efficient transformer the core of
which 1s simply and strongly made and em-

15 bodles an economical use of material.

In carrying out my invention I form the
core of three main sections or units, each
formed of two or more bundles or groups of
laming. The laminge in each bundle, which

20 gare identical, are in general rectangular in
outline and formed each with a similar rec-
tangular opening in it. The laming in each
bundle are displaced 1n a direction parallel to
one set of the parallel edges of the lamine, so

25 that the bundle has the form of an oblique
prism or parallelepiped, the oblique angles

- of which are sixty degrees and one hundred
and twenty degrees. The bundles comprising
each main section or unit are in general dis-

30 similar in form, and the bundles are assem-
bled in forming each main section or unit so
that at one side some bundles project by oth-
ers. Inassembling the core proper the three
units are arranged to form a core comprising

35 one central leg comvosed of one side of each
unit and three outer parallel legs or portions.
The sides of the three units which are placed
together to form the central leg are those in
which some of the bundles of each unit pro-

40 ject by others, and the bundles are so propor-
tioned and arranged that the projecting bun-
dle portions from each section form a tenon
which fits into a socket or space formed in or
between the remaining portion of the central

45 leg by the overlapping arrangement of the
bundles of the other main parts. The wind-
ings of the transformer, which may be circu-
lar in outline, or substantially so, pass through
the opening in each lamina to surround the

50 central prism-shaped leg of the transformer
and are inclosed or encaged by the outer legs
of the core. Preferably the cross-section of

each outer leg i1s greater .than the cross-sec-
tion of the corresponding portion of the inner

' leg. The increased cross-section of the outer 55

legs 1s preferably obtained by interleaving
laminze in the form of strips between the
laminee of the outer leg. With this construc-
tion the length of turn of conductor 1n a trans-
former of given output is made small and the 6o
amount of copperisreduced. By a judicious
proportioning of parts I thus obtain a trans-
former having a good efliciency, in which
the ratio of copper to iron and the total cop-
per used 1s smaller than in transformers of 05
the same rating heretofore in common use.
As 1s well known, copper is ordinarily worth
in the neighborhood of four times as much
per pound as iron. As a result, the trans-
former which I have invented 1s inherently 7¢
less expensive than the transformers which
have been heretofore commonly employed,

while the core construction is comparatively

simple in construction and possesses excellent;
mechanical properties. Moreover, by sub- 75
dividing the return magnetic path codperat-
ing with the central leg into three outer legs
the length of the magnetic eircuit of the trans-
former-core is reduced. This results in a de-
crease in the amount of iron required, thus %o
cheapening the cost of manufacture and in-
creasing the efiiciency of the transformer.

The various features of novelty which char-
acterize my 1nvention are pointed out with
particularity in the claims annexed to and 35
forming a part of this specification. For a
better understanding of my invention, how-
ever, reference may be had to the accompany-
ing drawingsand descriptive matter, in which
I have illustrated and described several forms 9o
in which my invention may be embodied.

Of the drawings, Figure 1 is a sectional plan
showing one form of my invention. Fig. 2 1s
an elevation of the construction shown in Fig.

1. Figs. 3 and 4 are views similar to Fig. 1, 95
each showingadifferent modification; and Kig.
51s a view similar to Fig. 1, showing a modi-
fied form of winding.

In the construction shown in Figs. 1 and 2
the three main parts or units of the core, 1,
2, and 3, which are identical in construction,
are each formed of two bundles of laminge, 4
and 5. The bundles 4 are twice as thick—
that 1s, composed of twice as many lamine—
as the bundle 5. The portion of each lamina
in the bundle 5 forming a part of the central
leg is twice as wide as the corresponding part
of each lamina in the bundle4. The unitsare
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assembled so that the portion of the bundle 5
which overlaps the bundle 4 forms a tenon
which fits into the socket formed between the
edoe of the bundle 5 of one of the other units
and the inner edge of the bundle 4 and the
overlapping portion of the bundle 5 of the re-
maining unit. As shown, the laminge 1n the
bundles 4 and 5 in each unit are successively
displaced with reference to the edges of the
bundles transverse to thelength of the central
leo to form two parallelepipedons, the oblique
solid angles of which are sixty and one hun-
dred and twenty degrees. The displacement
of the lamine in the two bundles forming part
of one unit are different, however, so that the
acute solid angles of the one bundle correspond
in position to the obtuse solid angle of the
other bundle. It will be observed that the
central leg 6 thus formed 1s hexagonal 1n
cross-section and that the inner and outer
surfaces of each bundle 4, forming a part of
each outer leg 7, isinclined to the correspond-
1ng - portion surfaces of the corresponding
bundles 5. The inner surface of each outer
leg 1s thus divided into two parts, which are
parallel to the adjacent sices of the central leg
and are practically, though not exactly, tan-

oential at their middle points to the outer sur-

face of the annular windings 8§ of the trans-
former. The punchingscomposing each lam-
ina may advantageously be formed of two
parts, one of the parts 9 being U-shaped with
one leg shorter than the other and the other
part 9° being in the form of a bar, which com-
pletes the rectangular form of the laminse. It
will of course be understood that the long and
short legs are alternately reversed in succes-
sive laminge. Anysuitable means may be em-
ploved for assembling the laminge together
and for holding them in position. The lam-
inge may be insulated from each other 1n the
ordinary manner. |

In the construction shown in Fig. 3 the core
1s built up of three main parts or units1’, 2',
and 3. Iach unit is composed of three bun-
dles 10, 11, and 12, each bundle being com-
posed of the same number of lamine. The
outer bundles 10 and 12 may be formed of
laminee of the samedimensions. Thelaminee,
however, in these two bundles are displaced
in opposite directions. The middle bundle
11, in which the laminge are displaced in the
same manner as in the bundle 12, 1s shaped so
that the portion forming a part of the central
leg 6" 1s twice as wide as the corresponding
portions of the bundles 10 and 12. As is
clearly shown on the drawings, the inner po1-
tions of the units fit tog ethm to form an -
terlocked center leg hehﬂgon%l IN Cross-sec-
tion.

In the construction shown 1n Fig. 4 each
unit 17, 2”7, and 38" is formed of five bundles
15, 16,17, 18, and 19. The laming in the bun-
dles 15 165 and 17 are successively displaced
in the same direction. The portion of the
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bundle 16 forming a part of the central leg is
overlapped by the corresponding portion of
the bundle 17 and overlaps the corresponding
portion of the bundle 15 by an amount equal
to the thickness of each bundle. Thelaming
in the bundles 18 and 19 are displaced in the
opposite direction to which the laminge in the
bundles 15, 16, and 17 are displaced. The
bundle 18 overlaps the bundle 19 and is over-
lapped by the bundle 17 by an amount equal
to the thickness of each bundle. TFigp. 4 clearly
shows how the units interlock to form a cen-
tral leg which is hexagonal 1n cross-section.

In the construction shown 1n Figs. 1, 2, and
3 the portion of each outer leg of the trans-
former having its inner surface in one plane
substantially tangential to the windings of the
transtormer is twice as thick as the remain-
1ng portion, while in the construction shown
in Fig. 4 the ratio of the innersurfaces of each
outer leg which are inclined to each other is
that of two to three. This makes the core
construction somewhat more symmetrical as
regards this feature and gives a slightly more
eflicient disposition ot Lhe core material.

In Fig. 4 I have shown the outer legs as
having Jamine in the form of rectangular
strips mmserted between the main laminge here-
inbefore desceribed. This fans out and makes
thicker the outer legs of thecoreand of course
reducesits magneticreluctance. Thisissome-
times of considerable importance. It will be
understood, of course, that this construction
may bhe ad opted with all the forms of my in-
vention illustrated. Owing to the fact that
the outer legs of the core are each formed 1n
two parts, the inner surfaces of which are 1n-
clined to each other, the thickness of the outer
leg may be very materially inereased by the
1nsertion of the strips without causing the in-
ner edee of the laminze to engage the outer
surface of the winding.

In the construction shown 1n Fig. 5 the
windings 8, instead of being circular, as in
the other form, are hexagonal. This ar-
rangement allows of a more economical use
of copper. 1t will be understood that with
this construction windings may be shaped on
a winding-form hexagonal 1n cross-section,
while the windings shown in the other figures
of the drawings may be shaped on forms cy-
lindrical 1n eross-section.

While I have hereinbefore described some-
what in detail the best form of my invention
now known to me, it will be obvious to all
those skilled in the art that modifications may
be made 1n the forms of the invention dis-
closed without departing from the mvention
itself.

What I claim as new, and desire to sccure
by Letters Patent of the United States, 15—

1. A magnetic core formed of a number of
similar units, each of which 1s composed of a
plurality ot bundles of laminee, the laminae 1n
ferent bundles being successwelv clis-
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placed so that each bundle is an oblique prism,
the laminge in some of the different bundles
In each unit being displaced in opposite di-
rections so that the acute solid angles of one
bundle correspond to the obtuse Sohd anoles
of the other.

2. A magnetic core formed of three lami-
nated units, the planes of lamination inter-
secting each other at one hundred and twenty
deo'rees each unit being formed of a plurality
of bundles, some of said bundles overlappmo
the others to form tenons which interlock
with the other bundles.

3. In a magnetic core, a body of magnetic
material formed of three units or portions,
each of which is laminated in planes inter-
secting the planes of lamination of the other
units at angles of one hundred and twenty de-

- grees, each unit being formed of two or more

bundles of laminae, the edges of the laming
in one bundle of each unit being parallel to
the planes of lamination of another unit, and
the corresponding edges of another bundle
terminating in a plane parallel to the planes
of lamination of the other unit.

4. In a magnetic core, a portion formed of
three units, each unit being formed of two or
more bundles of laminse, the planes of lami-
nation of each unit being at one hundred and
twenty degrees angle with the planes of lami-
nation of the other units, one bundle in each
unit projecting by another bundle in said
unit, the lamin&e in each unit being so ar-
ranged that the plane in which the edges of
one bundle 1n each unit terminate is p‘trallel
to the plane of lamination of one of the other
units, while the corresponding edges of an-
ot-her bundle in the same unit terminate n a
plane parallel to the plane of lamination of
the second of sald other units.

5. In combination, a winding substantially

annular, a plurality of magnetic core-sections
linked about said winding, each of said core-
sections being in the form of a body composed
of laminge each of which has an opening in it
through which the winding is passed, the
laminee in each body being so arranged that
the opening through the body is not straight
but has one port10n inclined at an angle to an-

50 other portion.

8

6. In combination, a winding substantially
annular, a plurality of magnetic core-sections
linked about said winding, each of said core-
sections being 1n the form of a body composed
of laminge, each of which has an opening in it
through which the winding is passed, the
lammae in each of said b0d1es being arranged
so that the passage through the body 1S not
straight but is formed with one portion which

1s substantially tangential to the portion of
the winding in proximity to it, and another
portion removed from the first which 1s sub-
stantially tangential to the portion of the wind-
Ing 1n proximity with it.

7. In a transformer, a core comprising a
prism-shaped leg or palt polygonal in eross-
section and one or more outer legs, the surface
adjacent said prism-shaped leg formed in two
parts, one of said parts belng substantially
parallel to one side of the pr ism-shaped cen-
tral leg and the other part being parallel to a
second side of said prism—sdaped central leg.

8. In a transformer, a core comprising a
prism-shaped leg or branch polygonal in cross-
sectlion, and one or more other legs, the sur-
face adjacent said prism-shaped leg of each of
the other legs being formed in two parts, one
of said parts being substantially parallel to
one side ot the prism-shaped central leg and
the other part being parallel to an adjacent
side of said prlsm—shaped leg.

9. In a transformer, a core compmsmﬂ a
prism-shaped leg or branch polygonal in eross-
section, and one or more other legs, the sur-

face adjacent said prism-shaped leg of each of

the other legs being formed in two parts, one
of said parts being substantially parallel to
one side of the prism-shaped central leg and
the other part being parallel to an adjacent
side of said prism-shaped central leg, and a
winding surrounding said prism-shaped leg,
the 1nner and outer surface of said winding
being substantially similar to the surface of
sald prism-shaped leg or branch.
In witness whereof 1 have hereunto set my
hand this 23d day of March, 1905.
JOHN J. FRANIK.
Witnesses:
BeENxsamin B. HULL
Hzrrex ORFORD.
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