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MAGNETIC CORE

Alwin G. Steinmayer, Milwaukee, Wis., and James G.
Everhart, Sherman, Tex., assignors to McGraw-Edison
Company, a corporation of Delaware

Application August 8, 1955, Serial No. 526,955
5 Claims. (Cl 336—213)

This invention relates to magnetic cores for stationary
induction apparatus and in particular to multi-legged mag-
netic cores for electrical transformers.

It is an object of the invention to provide a new and
improved multi-legged magnetic core for stationary in-
duction apparatus.

It is a further object of the invention to provide a
magnetic core of spirally wound magnetic strip material
wherein the mean length of iron turn is appreciably less
than in prior art cores of similar configuration.

Another object of the invention is to provide a mag-
netic core of concentrically nested, flatwise curved, mag-
netic strip laminations which is appreciably lighter in
weight than prior art cores of similar configuration.

A magnetic core constructed in accordance with the
invention comprises a plurality of core sections in side
by side relation across the width of the core. Each core
section includes at least one closed loop of flatwise curved,
concentrically nested laminations, and the total cross
sectional height of the laminations in the closed loops
and the window dimensions of the loops are so selected
that the winding legs of the core formed jointly by the
core sections are of cruciform cross section and the yokes
of the core are of approximately semi-cruciform cross
section, whereby the greatest amount of iron in the yokes
is immediately adjacent the electrical winding and the
mean length of iron turn is minimized.

The preferred embodiment of the present invention is
an improvement on the polyphase magnetic core which
forms the subject matter of U.S. Patent No. 2,431,128
to Edwin A. Link entitled Three Phase Core and assigned
to the present assignee. The Link core comprises two
similar, contacting, closed magnetic core loops spirally
wound of magnetic strip material and an outer core loop
of magnetic strip material spirally wound in embracing
relation about the contacting inner core loops. The

contiguous sides of the inner core loops constitute the -

center leg of the core, while the outer side of each inner
core loop and the side of the outer core loop adjacent
thereto forms an outer leg of the core. Various widths
of magnetic strip material are utilized in each of the
loops to provide core legs of cruciform cross section.
In such a core it is desirable that some of the magnetic
flux from the center winding leg, formed jointly by the
abutting inner core loops, pass to the outer core loop
so that a greater cross sectional area of the iron is avail-

able as a return path for the center winding phase flux. -

However, the reluctance to flux travel in a direction per-
pendicular to the laminations is relatively high and very
little of the center leg flux transfers to the outer core
loop.
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loops, form the outer legs of the core. In such a mag-
netic core the magnetic flux from the inner loops, jointly
forming the center phase winding leg, can transfer much
more easily to the outer loops, as the flux will move paral-
lel to the laminations.

For 2 better understanding of the principles and ob-~
jects of the invention, reference should be had to the
following description taken in conjunction with the ac-~
companying drawing wherein:

. Fig. 1is an elevation view of the core and coil assem-
bly of a three phase induction apparatus embodying the
invention; Fig. 2 is a sectional view taken on line 2—2
of Fig. 1; Fig, 3 is a sectional view taken on line 3—3
of Fig. 1; Fig. 4 is a plan view of the magnetic core of
the apparatus of Fig. 1; Fig. 5 is an elevation view of an
alternative embodiment of the invention; Fig. 6 is a sec-
tional view taken on line 6—6 of Fig. 5; Fig. 7 is a sec-
tional view taken on line 7—7 of Fig. 5; Fig. 8 is an
elevation view of an alternative embodiment of the in-
vention for a single phase, shell type transformer; Fig. 9
is a sectional view taken on line 9—9 of Fig. 8; and Fig.
10 is a sectional view taken on line 10—10 of Fig. 8.

All of the advantages of the present invention inhere
in the preferred embodiment of the polyphase stationary
induction apparatus illustrated in Figs. 1 through 4

. having a three legged, cruciform-in-cross section, mag-
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In accordance with the preferred embodiment of the -

invention, a cruciform-in-cross-section magnetic core is
constructed so that the inner, wound strip loops which
pass through the center phase winding and jointly from
the center winding leg are in side-by-side relationship
-with certain of the outer, wound strip loops which pass
‘through the outer phase windings only and, with the inner

70

netic core comprising a plurality of core sections 10, 11
and 12 in side-by-side relation across the width of the
core, five such sections being shown in the drawing.
Each core section 10, 11 and 12 can be separately con-
structed and is similar to the core of the aforementioned

- Link patent with the exception that only a single width

of magnetic ribbon is utilized and consequently, the legs
thereof are of rectangular cross section. Thus, the mag-
netic core of the preferred embodiment is subdivided, or
sectioned, along parallel planes intersecting the three
legs A, B and C of the core, said planes being vertical
with the magnetic core disposed as shown in the draw-
ing. Each core section 10, 11 and 12 comprises two
inner contacting loops spirally wound of magnetic strip
material and an outer loop spirally wound of magnetic
strip material embracing the inner loops. The core sec-
tions 10, 11 and 12 are so constructed that they jointly
form magnetic core winding legs A, B and C of crucifornt
cross section, and the yokes of the inner loops of certain
core sections are in side-by-side relation to the yokes of
the outer loops of core sections adjacent thereto to permit
transfer of magnetic flux between the inner and outer
loops parallel to the laminations.

In order to minimize eddy current losses in the finished
transformer, suitable insulating means 16 such as single
ply paper or a resinous varnish film is preferably pro-
vided between adjacent core sections 10, 11 and 12.

The core sections 10 at both outer faces of the mag-
netic core are identical, and each core section 10 com-
prises two inner, substantially rectangular, loops 20 and
21 having the longer sides thereof abutting and an outer
substantially rectangular loop 22 embracing the inner
loops 26 and 21. Each of the loops 26, 21, and 22 is
formed by winding a closed loop of magnetic ribbon,
and the magnetic ribbon is of the same width d; (see Fig.
4) in each of the loops 28, 21, and 22. Any suitable
magnetic strip material may be utilized in constructing
the loops, although it is preferable to use cold rolled
silicon steel having a direction of easiest magnetization
lengthwise thereof. The inner core loops 20 and 21 are
duplicates, and each is formed by. spirally winding .mag-
netic ribbon 24 of suitable width flatwise on a mandrel
to provide a closed convoluted loop of concentrically nest-
ed, flatwise curved, lamination layers. Although the
winding is preferably on a rectangular mandrel, the
winding can be accomplished on a circular mandrel and
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thereafter shaped to the désired rectangular configura- '

tion. FEach of the inner loops-2¢-and 21 is- wound- to-
the same thickness #, (see Fig. 3) of magnetic ribbon 24,
and the inner and outer ends of the magnetic ribbon 24
may be brazed, tack welded or otherwrse secured m a
manner well known in the art.

““THe outer loop 22'may be spirally. wound of ‘magnetic
ribbon 24; having the same width dl as the magnetic rib-
bon of the inner loops 20 and 21, on a rectangular man-
drel (not shown)- and after completlon posrtloned o as
to encircle the abutting inner loops 20 and 21, or the
outer loop 22 may be wound directly on the contacting
inner loops 26 and 21. Preferably the two ‘inner loops
20" ‘and 21 are not removed from the mandrels on which
they- are, wound, and- the mandrels (not shown) are
mounted . ona eommdn rotatable member to accomplish
the winding of the outer loop in a manner similar to that
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disclosed. in the copending application Serial No. 502,374

of Robert P. Thompson and. Albert C. Wurdack, Jr.,
entitled; Magnetic Core and. Method of Construction
Thereof and having the same assignee as the present in-
vention. Preferably the outer loop 22 is wound to ap-
proximately the same thickness # of magnetic ribbon 24
as. each of the inner loops 29 and 21, If desired, the
magnetic strip 24 from one or both of the inner loops
20 and 21 may be left unsevered after the completion
thereof, and the outer, loop 22 may be spirally wound
from an uncut length of magnetic ribbon 24 continuous
with the magnetic ribbon of one.or both of the inner
loops.2® and 21 in a manner disclosed in patent applica-
tion. Serial No. 422,374 to. Anderson and Everhart en-
titled. Polyphase Transformer and also disclosed. in the
aforementioned Thompson and Wurdack application,
both.of which have the same assignee as the present in-
vention. After the winding of the outer.loop 22 is com-
pleted, the end of the magnetic strip material 24 may be
tack welded, brazed, or otheérwise secured.

The core sections 11 adjacent to- and disposed inward
from' the core sections 10 are similar to the core sec-
tions 10 except. that they are wound of wider magnetic
ribbon and to a greater thickness.  Each core section 11
comprrses two inner, substantially: recfangular loops. 25
and 26 having their longer sides abuiting and an outer,
substantially rectangular. loop. 27 embracing the  inner
logps 25 and 26. Each of. the inner loops 25 and 26
is formed by.winding a closed loop of magnetic ribbon
28 having a width d; which is greater than the width d;
of the magnetic ribbon 24 forming the loops 20, 21 and
22 of the core section 10. The winding of magnetic ib-
bon. 28 is preferably on a Tectangular mandrel (not
shown) having the same helght but being narrower than
the mandrel on which the inner loops. 20 .and 21 are
wound. As a comsequence, the width wq (see Fig. 4)
of the winding window of. the . inner loops. 25 and 26 is
less than the width w, of the loops 20 and 21, but the
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height A (see Fig. 1) of the winding window is th_e same -

in the inner loops 25 and 26 as in the inmer loops 20
and 21 of core section 10. The magnetic ribbon 28 is
wound to a greater thickness #, (see Fig. 3) in the inner
loops 25 and 26 than the thickness # to which the mag-
netic strip material 24 is wound in the inner loops 20
and 21 of core sections 10.

In a manner similar to that described for core section
10, the outer loop 27 may be spirally wound of magnetic
strip material 28, having the same width d, as the mag-
netic strip material forming the inner loops 25 and 26,
on a rectangular mandrel (not shown) and after comple-
tion positioned so as to encircle the abutting inner loops
25 and 26, or the outer loop 27 may be wound directly
on the contacting inner loops 25 and 26. 'The outer loop
27 may be wound. after the two inner loops 25 and 26 are
mounted . on a- common rotatable member as above de-
scribed, and the magnetic-ribbon 28 from which the outer
‘Joop 27 is-wound may be a free length of uncut magnetic
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4
strip material continuous with the magnetic strip mate-
rial of one or both the inner loops 25 and 26. The mag-
netic ribbon 28 is wound to a thickness %, approximately
equal to the thickness to which the inner loops 25 and
26 are wound, and the outer end thereof is brazed, tack
welded or otherwise secured as described above.

The core section 12 is similar to the core sections 10
and 11 except that it is wound of still wider magnetic
ribbon and to still greater thickness. Core section 12
comprises two inner, substantially rectangular loops. 30
and 31 having longer sides thereof abutting and. an outer,
substantially rectangular loop 32 embracing the inner
loops 39 and 31, Each of the inner loops 39 and 31 is
formed by spirally winding a closed loop of magnetic
ribbon 34 having a width d; (see Fig. 4) which is great-
er than the width dy of the magnetic ribbon 28 forming
the loops 25, 26 and 27 of the core section 11. The
winding is preferably on a rectangular mandrel (not
shown) having the same ‘height but being narrower than
the mandrel ‘on which the loops 25 and 26 are wound.
As a consequence, the width w4 (sse Fig. 4) of the wind-
ing window of the inner loops 32 and 31 is less than the
width w, of the inner loops 25 and 26, but the height %
(see Fig. 1) of the winding window is the same as in
the inner-loops 28, 21, 25 and 26 of the sections 10 and
11. The magnetic ribbon 34 is wound to a greater thick-
ness #; (see Fig. 3) in the inner loops 3¢-and 31 than the
thickness #, to which the inner loops 25 and 26 are wound.

In a manner similar to that described for core sections
19 and 11, the outer loop 32 may be spirally wound of
magnetic strip material 34, having the same width d; as
the magnetic- strip material forming the inner loops 30
and 31, and after completion positioned so as to encircle
the abutting inner loops 38 and 31, or the outer loop 32
may be wound directly on the contacting inner loops 30
and 31. The outer loop 32 may be wound after the two
inner Ioops 38 and 31 are mounted on a common rotata-
ble member as described above, and the magnetic ribbon
34 from which the outer loop 32 is wound may be a free
length of uncut magnetic strip continuous with the mag-
netic- strip material of one or both the inner loops 30
and 31. In forming the outer loop 32, the magnetic
ribbon 34 is wound to a thickness # approxunately equal
to the thickness to which the inner loops 30 and .31 are
wound, and the end thereof is brazed, tack Welded or
otherwme secured as described above.

The core sections 10, 11 and 12 may be separately
strain relief “annealed to remove all strains due to the
working of the magnetic ribbon during winding or during
winding and subsequent shapmg, depending on which
process hereinabove described. is. followed. Preferably,
however, the core sections 10, 11 and 12 are disposed
in side-by-side relation as shown in Figs. 1 through 4,
and clamped together, and the entire core Is strain relief
annealed ‘as a unit. Metal bands encircling the legs or
yokes may be utilized to clamp the core sections together
as a unit during annealing. In the finished core the core
mounting frame (not shown) is preferably constructed to
support and clamp the core sections 16, 11 and 12 in the
position shown in the drawing, and nonconducting tapes
may be utilized circumjacent the yokes to further bmd
the core sections 16, 11-and 12 together.

As shown in the drawing, the thickness #;, #, and 25
to-which the inner and outer loops of the core sections
10, 11 and 12 are wound provide winding legs A, B and C
which are identical and of cruciform cross section "and
yokes which are of generally semicruciform cross section.
The outer-loops of the core sections are disposed in side-
by-side relation to the inner loops of a core section ad-
jacent thereto to permrt the magnetic flux to.pass over
between inner and outer Ioops parallel to the’ lammatlons
As best seen in Fig. 3 the yoke portion of outer loop 22
of each core section .10 is in side-by-side relation to the
yoke portion of the inner roops 25 and 26 of a core séc-
t1on 11 In a similar manner inner.loops 30 and 31 of
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core section 12 are in side-by-side relation to outer lcop
27 of both core sections 11. Inasmuch as the magnetic
flux from the portion of the center phase winding leg
forthed by the inner loops 25 and 26 of core sections 11
can trarisfer more easily parallel to the laminations to
the outer loops 22 of core sections 19, and the magnetic
flux from the portion of the center phase winding leg
formied by the innér loops 30 and 31 of core section 12
can trarsfer more easily parallel to the laminations to the
outer loops 27 of core sections 11, a greater proportion
of the magnetic flux can return through the entire cross
sectional area of the iron of the outer core legs than in
the prior art cores wherein the flux could only travel to
the outer core loop through the relatively high reluctance
paths perpendicular to the laminations and only a neg-
ligible percentage of flux from the center leg transferred
to the outer core loop.

Although the preferred method of construction has been
described as including the separate construction of the
core sections 10, 11 and 12, it will be appreciated that if
a winding mandrel is provided having a stepped periphery
identical to the winding window of the final core, the inner
loops 20, 25 and 30 (or the inner loops 21, 26 and 31) can
be wound simultaneously.

The separate phase conducting winding assemblies 40,
41 and 42 for connection to the different phases of a
polyphase alternating current circuit are wound on the fin-
ished annealed core in any sunitable manmer. For ex-
ample, the winding machine disclosed in the patent to
Steinmayer et al. 2,305,999 can be utilized. After the
conducting windings 40, 41 and 42 have been finished,
suitable wedges may be driven into place to suitably hold
the conducting winding assemblies firmly in position
with reference to the core.

It will be apparent that inasmuch as the greatest amount
of iron in the yokes of the core is immediately adjacent to
the winding window (in contrast to the core of the afore-
mentioned Link patent wherein the yoke is of cruciform
cross section and the greatest amount of iron in the yoke
is disposed away from the winding window), the mean
length of iron turn in the core of Figs. 1 through 4 is ap-
preciably lesséned in comparison to the core of the Link
patent and consequently, that the weight of the core is
reduced proportionally.

- In an alternative embodiment of invention illustrated

in Figs. 5 through 7, all of the core sections are identical
in height and the cross section of the yokes of the mag-
netic core is inverted from that of the embodiment of Figs.
1 through 4. The parts of the alternative embodiment
are given the same reference numerals as the parts of the
preferred embodiment to which they are similar with the
addition of the prime (’) designation. The core sections
10’ are constructed in a manner similar to that of the
core sections 10 of the embodiment of Figs. 1 through 4,
although for a given height of core the inner loops 20’
and 21’ are wound on a mandrel having a greater height
than the mandrel used for winding the inner loops 20 and
21. The inner loops 25’ and 26’ of core sections 11
are preferably wound on a mandrel which is shorter and
narrower than the mandrel on which the inner loops 20’
and 21’ are wound, and consequently, the width wy’ of the
window in the inner loops 25’ and 26’ is less than the
width wy” of the window in the inner loops 20’ and 21’
and further, the height %y* of the window in the inner
loops 25’ and 26’ is less than the height A’ in the inner
loops 20’ and 21,

The inner loops 30’ and 31’ of core section 12 are
preferably wound on a mandrel which is shorter and nar-
rower than the mandrel on which the inner loops 25’ and
26’ are wound, and consequently, the width wy’ of the
window in the inner loops 30’ and 31’ is less than the
width wy’ of the window in the inner loops 25’ and 26’
and further the height s’ of the window in the inner
loops 30’ and 31’ is less than the height %y’ in the inner
loops 25’ and 26’.
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- core sections lie in a common plane.

1

The winding legs A’, B’ and C’ aré all substantially
identical and of cruciform cross section.. The top sur:
faces of the core sections 16, 11’ and 12 are in a com:
mon plane, and similarly the bottom surfaces of these
The yokes of inner
loops 20" and 21" of each core section 16’ are disposed
in side-by-side relation to the yokes of the outer loop
27’ of a core section 11’, and the yokes of the inner loops
25’ and 26’ of the core sections 11’ are disposed in side-
by-side relation to the yokes of the outer loop 32 of the
core section 12 to permit the magnetic flux to transfer be-
tween inner and outer loops of the core sections parallel
to the layers of magnetic strip material.

Although the illustrated embodiments have been shown
and described as including two inner loops in each core
portion, the invention is not so limited and comprehends
any number of contacting inner loops in each core sec-
tion. For example, in a four-legged magnetic core con-
structed in accordance with the invention, each core sec-
tion comprises three inner loops in back-to-back rela-
tion in a common plane.

Although the core sections 10, 11 and 12 of the em-
bodiments of Figs. 1 through 4 and Figs. 5 through 7
are illustrated as being constructed of magnetic ribbons
24, 28 and 34 of different widths, the invention is not
so limited, and magnetic cores having winding legs of
cruciform cross section can be constructed in accordarce
with the invention wherein the same width magnetic rib-
bon is utilized in all the core sections. For example, it
will be apparent that the equivalent of section 12 can be
constructed by winding a plurality of narrower ribbouns,
each having the width of ribbon 24 (or of ribbon 28) to.
thickness #; in both the inner and outer loops to form a
plurality of core sections each having a width of the
ribbon 24 and disposing such sections in side by side re-
lation to provide a total width equal to the width dy of
ribbon 34. In the magnetic core structure illustrated in
Figs. 8 to 10, all of the core sections are formed of mag-
netic ribbon of the same width. The invention is par-
ticularly advantageous in polyphase magnetic cores of the
types illustrated in the embodiments of Figs. 1 through 4
and Figs. 5 through 7, but single phase magnetic cores
may also be constructed in accordance with the invention
which are lighter in weight and have a considerably
smaller mean length of iron turn than prior art cores of
similar configuration. It may be considered that two
similar, closed, rectangular cores 39 and 40 comprise the
single phase, shell type, three legged magnetic core struc-
ture 41 illustrated in Figs. 8 to 10. However, inasmuch
as the two cores 39 and 40 are mechanically held as a
unit in the finished apparatus and coact with a single
electrical winding, the magnetic core structure 41 will
be described as including a plurality of core sections
43, 44 and 45 disposed in side by side relation across the
width of the core, with each core section including two
closed loops in back to back relation, one loop being in
each core half 39 and 40. Thus, each core section 43, 44,
and 45 is somewhat analogous to the core sections 10, 11
and 12 of the embodiments described hereinbefore in that
it includes two closed, rectangular, wound strip loops in
back to back relation, but no outer loop surrounds the
back to back loops of core sections 43, 44 and 45. Thus,
flux transfer parallel to the laminations between inner to
outer loops is not effected in the single phase magnetic
core structure 41 of Figs. 8 to 10 as in the three phase
cores of Figs. 1 to 4 and Figs. 5 to 7, but the features of
decreased length of iron turn and consequent reduction
in weight are inherent in the magnetic core structure 41
of Figs. 8 to 10.

As illustrated the single phase magnetic core structure
41 has a central leg 47 of cruciform cross section formed
by the back to back sides of the core halves 39 and 40
and outer legs 49 and 50 of approximately semi-cruciform
cross section. All of the closed loops of all of the sec-
tions 43, 44 and 45 are wound of the same width mag-
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netic ribbon 51, but the winding is performed: on different
mandrels (not shown) all of the same height /4, but hav-
ing different widths wy, ws, and wg. Each of the. loops
53 and 54 of .a core section 43 are wound from magnetic
ribbon: 51 on a mandrel (not shown) of height ks and
width .wy to a thickness 2, (see Fig. 10) and the loops
53 and 54 are disposed in back to back relation to form
a core. section 43. Two core sections 43 are provided in
the -core structure 41, one at each outside edge therecof.
Fach of the loops 56 and 57 of a core section 44 are
wound from magnetic ribbon 51.on a mandrel  (not
shown) having a height h; and a width ws, which is
smaller than width wy, to a thickness #; (see Fig. 10),
which is greater than thickness #;, and the loops 56 and
57 are disposed in back to back relation to form a core
section 44. Two core sections 44 are provided in .the
core structure 41, one. being disposed inward from each
core section 43. Each of the loops 59 and 60.of a core
section 45 are wound from magnetic ribbon 51 on a
mandrel having a height 4, and a width wg, which is
smaller than width ws, to a thickness #; which is greater
than the thickness #, and- the loops 59 and 60 are dis-
-posed in back to-back relation to form a core section: 45.
Two- core sections 45 are provided and are arranged in
side to side relation inward from the core sections 44
and at the innermost portion of the core.. As.in. the
preferred embodiment suitable insulating means 16-such
as single. ply papér or a resinous varnish film may be
prov1ded between adjacent core sections 43, 44 and. 45 to
minimize eddy current losses in the finished transformer.

The back to back sides of the loops 53 and 54, the
back to back sides of the loops 56 .and 57, and the back
to back sides of the loops 59 and 60 jointly form the
center leg 47 of the single phase shell type magnetic core
structure 41, and insulating tape (not shown) may be
wound arou‘ld the abutting sides of all the loops 53, 54,
56, 57, 59, and 69 to hold the core sections as an mtegra]
unit. An electrical winding 62 shown in dash-dot lines
may be wound in embracing relation about the center
leg 47. One outer leg 50 of the single phase; shell type
magnetic core structure 41 is formed jointly by the ad-
jacent legs of the loops 54, 57 and 69; similarly the other
outer leg 49 of core structure 41 is formed jointly by
the adjacent legs of the loops 53, 56 and 59.

It will be apparent that the yokes of the magnetic
core structure 41 are of semi-cruciform cross section and
consequently a greater amount of iron.in the yokes is
immediately adjacent to the electrical winding 62 than
in a conventional wound core wherein the yokes are of
cruciform cross section and that thus the magnetic core
structure of Figs. 8 to 10 has a shorter mean length of
iron turn and smaller weight than a conventional cruci-
form-in-cross section wound core.

While we have shown and described particular embodi-
ments of our invention, it will be obvious to those skilled
in the art that various changes and modifications -may
be made therein without departing from the invention,
and therefore, it is intended in the appended claims to
cover all such changes and modifications as fall within
the true spirit and scopve of the invention.

What we claim as new and desire to secure by Letters
Patent of the United States is:

1. A multi-legged magnetic core for stationary induc-
tion apparatus comprising, in combination, a plurality
of core sections disposed in side-by-side relation, each
core section at least including two similar, generally rec-
tangular, closed inner loops of spirally and flatwise
wound magnetic strip material arranged back to back in
the same plane and a generally rectangular, closed, outer
loop of spirally and flatwise wound magnetic strip ma-
terial in embracing relation about said inner loops and
said outer loop being in the plane of said inner loops,
the magnetic strip material in each core section being in
planes perpendicular to the plane of said inner:and outer
loops and being of the same width in both the inner and
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outer loops of said core.section, the abuiting sides of .the.

inner loops of all the. core sections jointly. forming. the

central leg of the core, in each core section the- outer:

side of each.inner loop -and the side. of the outer- loop
adjacent thereto constituting a portion of an outer leg: of
the core, the thickness of the magnetic strip material to

which the inner and outer loops of the core: sections

disposed at the outer portion of the core in a direction

perpendicular to said planes of the inner and outer loops.
is wound being less than the thickness of magnetic strip.

material to which the inner and outer loops of the core
sections disposed inward therefrom is wound, the wind-
ing legs formed jointly by the core sections being of
approximate cruciform cross section and the yokes join-
ing said winding legs and formed jointly: by said ceil
sections being of approximate semicruciform cross sec-
tion and the yoke portions of the inner loops of.certain
of the core sections are in side-by-side. relation to the
yoke portions of the outer loop of a core section adjacent
thereto.

2. Three phase electromagnetic induction - apparatus
comprising, - in combination, three conductive. winding
structures each adapted to be connected to one of -the
phases of a three phase electrical system; said” winding
structures being side-by-side in a.row-and each having a

window for the reception of magnetic core material, and.

a.magnetic core having three winding legs, one of said

legs passing through the window of each of said winding

structures, said core comprising a plurality of core sec-
tions disposed in side-by-side relation in'a direction per-

pendicular to the median plane of said:core defined by.

the axes of said core legs, each core section including a
first generally rectangular, closed, inner loop. of radially
nested, flatwise curved, lamination layers passing through
the window of one of the end winding structures- and
the window of the middle winding structure, a:second
generally rectangular, closed,. inner loop - of radially.
nested, flatwise curved, lamination layers passing through
the Wmdow of the middle winding structure and the win-
dow of the other end winding structures, said ﬁrst and
second. inner loops being back to back in a common plane
parallel to said median plane, and a generally rectangular
closed. outer loop of radially nested, fatwise curved,
lamination layers passing through the windows of the two
end winding structures and embracing the two inner loops,
the laminations being of the same width in the inner and
outer loops of each core section, the height of magnenc
strip material-to which the inner and outer loops. of the
core sections disposed at the outer portions of the core in
a direction perpendicular to said median. plane is. wound
being less than the height of magnetic strip material to
which the inner and outer loops of the core sections dis-
posed inward therefrom is wound and the winding legs
formed jointly by said core sections being of approximate
cruciform cross section and the yokes formed jointly by
said core sections and connecting said winding legs being
of approximate semicruciform cross section and the yokes
of the inner loops of:cetrain core sections. being i in side-
by-side relation to the yokes of the outer loop of a core
section adjacent thereto.

3. Three phase electromagnetic 1nduct10n apparatus
comprising, in- combination, three .conductive wmdmgs
each adapted to be connected to .one. of the phases: of a
three phase electrical system, said .windings being: 51de-
by-side in a row and each having a window for the recep-
tion of magnetic core material, and a magnetic core
having three. winding legs, ‘one. of. said ‘legs: passing
through the window of each of said windings, said core
comprising a plurality of core sections disposed:in s1de-
by-side relation, each core section including a first, gen-
erally rectangular, closed inner loop of radially nested,
flatwise curved, magnetic strip laminations passing through
the window of one of the end windings and the window
of the middle winding, a second, generally rectangular,
closed, inner loop of radially mested, flatwise curved,
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magnetic strip laminations passing through the window
of the middie winding and the window of the other end
winding, said first and second inner loops being back to
back in a common plane, and a generally rectangular,
closed outer loop of radially nested, flatwise curved,
magnetic strip laminations passing through the windows
of the two end windings and embracing the two inner
loops, the magnetic strip laminations being of the same
width in the inner and outer loops-of each core section,
the closed loops of the different core sections having
different cross sectional heights of magnetic strip lamina-
tions, the arrangement being such that the legs formed
jointly by the core sections are of cruciform cross section
and the height of the window in all of said first inner
loops in a direction parallel fo the core legs is the same
and the height of the window of all of said second inner
loops in a direction parallel to the core legs is the same
and the yokes of the inner loops of certain core sections
are in side-by-side relation to the outer loop of a core
section adjacent thereto.

4, A three legged magnetic core for stationary induc-
tion apparatus comprising, in combination, a plurality
of core sections disposed in side-by-side relation across
the width of the core, each core section having portions
in each of the legs of the core and each core section
comprising two similar, generally rectangular, closed,
inper loops of concentrically nested, flatwise curved,
magnetic strip laminations, said inner loops being ar-
ranged back to back in the same plane, and a generally
rectangular, closed, outer loop of concentrically nested,
flatwise curved, magnetic strip laminations in embracing
relation about said inner loops, the magnetic strip lamina-
tions being of the same width in both the inner and outer
loops of each core section, the abutting sides of the inner
loops of all of the core sections jointly forming the
central leg of the core, in each core section the outer
side of each inmer loop and the side of the outer loop
adjacent thereto forming a portion of an outer leg of the
core, the height of the window in the inner loops of all
the core sections being the same in a direction parallel to
the core legs, the total cross sectional height of the mag-
netic strip laminations of the loops of the innermost core
section being greater than that of the loops of the core
sections disposed outward therefrom, the arrangement
being such that the winding legs of said core formed
jointly by the core sections are of cruciform cross sec-
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10
tion and the yokes of said core connecting said winding
legs and formed jointly by the core sections are of ap-
proximate semicruciform cross section and the yokes of
the inner loops of certain of the core sections are in
side-by-side relation to the yokes of the outer loop of a
core section adjacent thereto.

5. A three legged magnetic core for stationary induc-
tion apparatus comprising, in combination, a plurality of
core sections disposed in side-by-side relation across the
width of the core, each core section having portions in
each of the legs of the core and each core section com-
prising two similar, generally rectangular, closed, inner
loops of concentrically nested, flatwise curved, magnetic
strip laminations, said inner loops being arranged back
to back in the same plane, and a generally rectangular,
closed, outer loop of concentrically nested, flatwise
curved, magnetic strip laminations in embracing relation
about said inner loops, the magnetic strip laminations
being of the same width in both the inner and outer loops
of each core section, the abutting sides of the inner loops
of all of the core sections jointly forming the central leg
of the core, in each core section the outer side of each
inner loop and the side of the outer loop adjacent thereto
forming a portion of an outer leg of the core and adjacent
said portions jointly forming a winding leg of said core,
the height of all the core sections being the same in a
direction parallel to the core legs, the total cross sectional
height of the magnetic strip laminations of the loops of
the innermost core section being greater than that of the
loops of the core sections disposed outward therefrom,
the arrangement being such that the winding legs of said
core formed jointly by the core sections are of cruciform
cross section and the yokes of said core formed jointly
by the core sections are of approximate semicruciform
cross section and the yokes of the inner loops of certain
of the core sections are in side-by-side relation with the
yokes of the outer loop of a core section adjacent thereto.
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