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This invention relates to electrical inductive apparatus,
such as transformers, and more particularly to magnetic
core structures for such apparatus.

A number of different types of three-phase magnetic
core structures for electrical inductive apparatus, such as
transformers, have been developed in the past which in-
clude a plurality of laminations or punchings formed from
magnetic strip or sheet material having a preferred direc-
tion of magnetic orientation or easier magnetization sub-
stantially parallel to its edges or longitudinal dimension,
such as cold rolled silicon steel, and which are adapted
to take advantage of the properties of such magnetic
material. FEach type of conventional three-phase mag-
metic core structure has certain limitations with respect
to the losses in the magnetic core structure during the
operation of the associated inductive apparatus, with
respect to the length of the magnetic paths in the different
portions of the magnetic core structure or with respect
to the difficulty of manufacturing and assembling the
magnetic core structure, In addition, magnetic sheet or
strip materials have now been developed which have more
than one preferred direction of magnetic orientation and
which have lower loss characteristics than the singly ori-
ented magnetic material just described, particularly at
smaller thicknesses. For example, one type of doubly
oriented magnetic strip material which has been developed
has a first preferred direction of orientation substantially
parallel to its edges or longitudinal dimensions and 2
second preferred direction of orientation substantially
perpendicular or transverse to its edges or longitudinal
dimension. It is therefore desirable to provide improved
magnetic core structures which overcome one or more of
the above limitations and which lend themselves to the
utilization, at least in certain portions of the core struc-
ture, of magnetic strip material which has more than one
preferred direction of magnetic orientation or which lend
themselves to improved methods of manufacture and
assembly.

It is an object of this invention to provide a new and
improved three-phase magnetic core structure for elec-
trical inductive apparatus, such as transformers.

Another object of this invention is to provide a new
and improved magnetic core structure of the three-phase
type employing at least in certain portions thereof mag-
netic sheet or strip material having more than one pre-
ferred direction of magnetic orientation,

A further object of this invention is to provide a three-
phase magnetic core structure which lends itself to im-
proved methods of manufacture and assembly,

Other objects of the invention will, in part, be obvious
and will, in part, appear hereinafter .

For a foller understanding of the nature and objects
of the invention, reference should be had to the following
detailed description taken in connection with the accom-
panying drawing, in which:

FIGURE 1 is a view in perspective of a three-phase
magnetic core structure embodying the teachings of the
invention;

FIG. 2 is a detailed view illustrating in enlarged form
certain of the joints of the magnetic core structure shown
in FIG. 1;

FIG. 3 is an enlarged detailed view illustrating a modi-
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fied joint structure which may be employed for certain
of the joints in the magnetic core structure shown in
FIG. 1,

FIG. 4 is a view in perspective of a three-phase mag-
netic core structure illustrating another embodiment of
the invention;

FIGS. 5a, 5b, and 5c are partial top plan views of suc-
cessive layers of laminations included in the magnetic
core structure shown in FIG. 4;

FIG. 6 is a partial top plan view illustrating in enlarged
form certain of the joints of the magnetic core structure
shown in FIG., 4;

FIG. 7 is an enlarged detailed view in perspective of a
portion of a three-phase magnetic core structure illustrat-
ing another embodiment of the invention;

FIG. 8 is a view in perspective of a magnetic core struc-
ture illustrating how different portions of the magnetic
core structure shown in FIG. 7 may be formed;

FIG. 9 is a partial top plan view illustrating certain
joints of the magnetic core structure shown in FIG. 7;

FIG. 10 is an enlarged detailed partial view in perspec-
tive illustrating a modified joint structure which may be
employed in the magnetic core structure shown in FIG. 7;

FIG. 11 is a partial top plan view of a three-phase
magnetic core structure illustrating another embodiment
of the invention; and

FIG. 12 is a partial view in perspective of a three-
phase magnetic core structure illustrating another em-
bodiment of the invention.

Referring now to the drawings and FIGS. 1 and 2 in
particuiar, there is illustrated a three-phase magnetic core
28 embodying the teachings of the invention. In general,
the magnetic core 28 comprises a substantially rectan-
gular closed loop member 20A and a half loop member
or generally U-shaped member 26B. More specifically,
the closed loop member 20A includes two opposite sides
indicated at LI and L2 which are disposed substantially
in parallel with and spaced apart from one another to
provide first and second winding leg portions, respectively,
while the other two opposite sides Y1 and Y2 of the closed
loop member 26A connect the ends of said leg portions
and serve as upper and lower yoke portions, respectively.
The half loop member 26B includes a substantially
straight central portion, indicated at L3, which functions
as a third winding leg portion and the upper and lower
portions indicated at Y3 and Y4, respectively, which are
disposed at substantially right angles with respect to said
leg portion and which function as connecting upper and
lower yoke portions, respectively.

As shown in FIG. 1, at each end of the magnetic core
29, one of the yoke portions Y3 and Y4 of the half loop
member 2B is disposed at substantially a right angle
with one of.the assoicated yoke portions Y1 and Y2,
respectively, of the closed loop member 26A to form
respective joints therewith in the form of a T with the
third leg portion L3 being disposed substantially parallel
to and spaced from each of the first and second leg por-
tions L1 and 1L2. In other words, if it is assumed that
the closed locp member 20A defines a first plane and
that the half loop member 20B defines a second plane, then
the plane of the half loop member 20B is disposed at sub-
stantially a right angle or normal to the plane defined by
the closed loop member 28A. It is to be noted that in an
actual core and coil assembly, that associated electrical
windings (not shown) would be disposed on each of the
leg portions L1, L2 and 1.3 of the magnetic core 29.

In particular, the closed loop member 26A comprises a
plurality of layers of laminations formed from magnetic
strip or sheet material having a preferred direction of
orientation substantially parallel to its edges or longitu-
dinal dimension and assembled flatwise in nested or su-
perposed relation. Although the invention will be de-




2,195,090

3
scribed and illustrated for the purpose of simplicity as if
each layer of laminations is only one lamination thick,
it is to be understood that in certain applications, as
required, that each layer of laminations may include
two or more laminations having the same general shape
to, make up an overall thickness of the layer. - The alter-
nate layers of the closed loop member 20A include first
and second generally U-shaped laminations whose ends
meet and are substantially aligned with each other in the

first and second leg portions L1 and 1.2, as indicated at

31 and 41, at 32 and 42, and at 33 and 43, respectively
for the first, third and fifth layers shown in FIG. 2. The
intervening layers of laminations in the closed loop mem-
ber 26A comprise first and second pairs of generally L-
shaped laminations at the upper and lower ends of the
closed loop member 20A as indicated at 31A and 51B
and 61A and 61B, at 53A and 53B and 63A and 63B,
and at 55A and 55B and 65A and 65B for the second,
fourth and sixth layers of laminations, respectively, in
FIG. 2. The ends of the generally L-shaped laminations
in the intervening layers of the closed member 20A meet
and are substantially aligned in the leg portions L1 and
1.2 of the closed loop member 28A, while the ends of the

generally L—shaped laminations in the yoke portions Y1

and Y2 are spaced apart from one another to prov1de a
plurality « of substantially rectangular recesses or openings,
as indicated at 67, for the upper end of the closed loop
member 20A in alternate layers of laminations. It is to
be understood that, in certain applications, a generally
U-shaped lamination having a substantially rectangular
recess therein which extends a predetermmed dlstance
across its width may be substituted for each pair of gen-
erally L-shaped laminations in the intervening layers in
the upper and lower ends of the closed loop member 28A.

‘As illustrated in FIG. 2, the meeting ends of the gen-
erally’ U-shaped and L-shaped laminations which make
up the closed loop member 28A in each layer of lamiina-
tions are both cut substantially perpendicular or trans-
verse to the edges thereof with the cut ends of the lamina-
tions in the successive adjacent layers being displaced or
offset from one another by a predetermined distance.
The latter distance should be more than 2.5 times the
thickness of each lamination and preferably at least six
times the thickness of each lamination so that the joints
between the meeting ends of the laminations in each lay-
er of the leg portions L1 and L2 of the closed loop mem-
ber 28A are overlapped by the laminations in the adja-
cent layers to form a series of stepped-lap joints in each
of said leg portions and to derive the benefits of the dis-
closed core structures. - In certain applications, it is to
be undestood that the meeting ends of the laminations in
the leg portion L% and L2 may be each cut at a pre-
determined oblique angle with respect to the edges of
the laminations and with the ends of successive layers
in each group being offset from and substantially paral-
lel to each othier. It is to be noted that the meeting
ends. of the laminations in each of the leg portions L1 and
L2 are arranged in groups with a series of stepped-lap
joints in:each group in a repeating or recurring pattern.
It is to be noted that each group should include more
than three laminations or preferably at least a thickness
of six laminations before a new group is started and a
pattern of stepped-lap joints repeated in order to obtain
the benefits of the disclosed magnetic core structure. The
stepped-lap joints provided in each of the leg portions L1
and L2 of the closed loop member 20A are provided in
order to facilitate convenient assembly of associated elec-
trical windings on each of said leg portions in a core and
coil'assembly and to reduce the exciting current and losses
compared with conventional alternate butt-lap or butt
joints.

Similarly the half loop member 20B includes a plural-
ity of layers of laminations formed from magnetic strip
or sheet material having a preferred direction of magnetic
orientation substantially parallel to its edges or longitu-
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4
dinal dimensions, such as cold rolled silicon steel, and
assembled flatwise in nested or superposed relation to
form a substantially straight third leg portion L3 and the
connecting yoke portions Y3 and Y4 at the upper and
lower ends, respectively of said leg portion. Each layer
of laminations of the half loop member 28B includes at
least first and second generally L-shaped laminations
whose ends meet in the third leg portion L3 with the
meeting ends in said leg portion being substantially
aligned with each other. For example, as shown in FIGS.
1 and 2, the six layers of laminations which make up the
half loop member 28B include the first laminations 71A
through 76A and the associated second laminations 718
through 768, respectlvely The meeting ends of the L-
shaped lammatlons in the leg portion L3 of the half loop
member 20B are cut substantially perpendicular or trans-
verse with respect-to the edges thereof and dlsplaced or
offset from the cut ends of the laminations in the adja-
cent layers similarly to the joints between the meeting
ends of the laminations in the leg portions L1 and L2 of
the closed loop member 28A to form a series. of stepped-
lap joints arranged in' recurring or repeating groups as
previously described in greater detail in connection with
the closed loop member 20A. The other ends of the L-
shaped laminations 71A through 76A and 71B through
76B which. make up the half loop member 20B._in the
upper and lower yoke portions Y3 and Y4, respectively,
are also cut substantially perpendicular or transverse with
respect- to the edges thereof with the ends of alternate
layers of laminations being cut shorter or offset from
the ends of the adjacent laminations as shown in FIG. 2
by a predetermined. distance which is substantially equal
to the width of the laminations which make up the. closed
loop member 20A. The ends of the longer L-shaped
laminations at each end of the half loop member 208
are then assembled or disposed in the associated recesses
of the upper or lower yoke portions Yi and ¥2, respec-
tively, of the closed loop member 20A, as indicated at
the ends of the laminations 72A, 74A and 76A at the
upper end of the half lcop member 208, which are dis-
posed in the substantially rectangular recesses 67 in the
yoke portion Y1 between the associated layers of gen-
erally L-shaped laminations 51A and 51B, 53A and 53B,
and 55A and 55B, respectively, with the ends of the inter-
vening laminations 71A, 73A and 75A of the half loop
member 29B.disposed to abut against the sides of the gen-
erally U-shaped laminations 31, 32 and 33 of the closed
loop member 20A to form a series of butt-lap joints at
each end of the magnetic core 28. If generally U-shaped
laminations are substituted for the pairs of generally L-
shaped laminations in the closed loop member 20A as

previously mentioned, the differences in length of the al-
ternate layers of laminations in the half loop member.

20B can be adjusted correspondingly in accordance with
the steps of the substantially rectangular recesses pro-
vided in such modified U-shaped laminations. I is to be
noted that the stepped-lap joints in each of the groups of
generally L—shaped laminations which make up the half
loop member 26B are provided in order to facilitate the
assembly of the magnetic core 20 with an associated elec-
trical winding on the third Wmdmg leg portion L3 of
said magnetic core.

Referring to FIG. 3, there is illustrated a three-phase
magnetic core 30 which s similar to the magnetic core
20 previously described except that the joints between the
yoke portions. of the closed loop member 30A and the
half loop member 3B of the magnetic core 30 include

. aseries of stepped-lap joints arranged in groups similarly

70

to the joints between the laminations in the leg portions
L1, L2 and L3 of the magnetic core 28. More specifi-

cally, each layer of laminations of the closed loop mem-

ber 38A of the magnetic core 30 includes at least first and
second generally U-shaped laminations whose ends meet
and are substantially aligned in the first and second leg
portions thus formed as indicated at 81 and 91, at 82 and

~y
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92, and at 83 and 93 for the first, second and third layers
of laminations, respectively, whose ends meet at each
side of the magnetic core 3@ as shown for the leg por-
tion L12 in FIG. 3. The meeting ends of the generally
U-shaped laminations in the closed loop member 30A
are arranged to form a series of stepped-lap joints in each
group of repeating or recurring laminations similarly to
the stepped-lap joints in the leg portions of the mag-
netic core 20 previously described in greater detail. At
least the majority of the generally U-shaped laminations
which make up the closed loop member 39A include a
substantially rectangular recess or opening located cen-
trally of the yoke portion at either end of said closed
loop member as indicated at 81A and 82A for the U-
shaped laminations 81 and 82, respectively, in the yoke
portion Y11. The depth of the substantially rectangular
recesses in the U-shaped laminations which make up the
closed member 36A at each end of the magnetic core 30
are offset from each cther with the depth of the recess in
certain laminations being substantially negligible or the
recess being absent as indicated at 83A in the laminaticn
83 in FIG. 3 and with the recesses in successive layers of
laminations being arranged in a stepped pattern which is
recurring or repeating in groups of layers. The half loop
member 398 included in the magnetic core 38 also in-
cludes a plurality of layers of laminations formed from
magnetic sirip material having a preferred direction of
orientation substantially parallel to its edges or longitu-
dinal dimension and assembled flatwise in nested or super-
posed relation with the ends of successive layers of lami-
nations in the yoke portion Y13 of the half loop member
38B being cut substantially perpendicular or transverse
with respect to the edges thereof. The cut ends of the
generally L-shaped. laminations 84 through 89, which
make up the haif loop member 30B, in the yoke portions
thereof are offset or displaced from ome another in a
stepped pattern which matches or corresponds to the re-
cesses in the associated yoke portions of the closed loop
member 30A of the magnetic core 30. The half loop
member 36B is then assembled with the stepped ends of
the L-shaped laminations 84 through 89 as indicated for
the yoke portion Y13 disposed either in the substantially
rectangular recesses as indicated at 81A and 82A of the
laminations 81 and 82, respectively, which make up the
yoke portion Y11 of the closed loop member 36A or in
abutting aligned relation with the sides of certain lamina-~
tions, as indicated at 83, to provide a series of stepped-
lap joints in which the amount of overlap is at least six
times the thickness of each lamination and with at least
six laminations across the thickness of each recurring or
repeating group. It is to be noted that certain of the I~
shaped laminations of the half loop member 3@B, such as
the lamination 86, are disposed to abut against the side
of certain laminations such as the lamination 83 of the
closed loop member 38A which do not include any re-
cesses. It is to be understood that the half loop member
30B of the magnetic core 30 may include a series of
stepped-lap joints in repeating or recurring groups in the
leg portion thereof, similarly to the leg portions Li, L2
and L3 of the magnetic core 20 or that the latter joints
in the leg portion of the half loop member 368 may be
omitted in certain applications.

It is to be understood that in certain applications that
the laminations which make up the half loop members
20B and 36B of the magnstic cores 28 and 38, respec-
tively, may be formed from a magnstic strip or sheet
material having a first preferred direction of magnetic
orientation substantially parallel to its edges or longi-
tudinal dimension and having a second preferred direction
of magnetic orientation substantially transverse or per-
pendicular to said first direction of orientation in order
to improve the magnetic performance of said magnetic
cores. It is important to note that in the latter modified
constructions that the second preferred direction of
orientation of the magnetic strip material from which the
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laminations of the half loop members 268 and 38B are
formed would substantially coincide with the single pre-
ferred direction of orientation of the magnetic strip mate-
rial from which the laminations of the closed loop mem-
bers 28A and 38A are formed to thereby reduce the
overall reluctance of the magnetic cores 28 and 30 and
improve the magnetic flux transfer between the half loop
members 26B and 3¢B and the associated closed loop
memibers 28A and 30A, respectively.

Examples of suitable types of magnetic material from
which the laminations of the half loop members 208 and
388 may be formed in the modified construction just
described include sheets of silicon-iron and aluminum-
iron alloys coataining from 1 to 7% silicon, and 1 to
10% aluminum, respectively. The sheets of said alloys
have grains whose crystal lattice structure comprises four
cube edges substantially perpendicular to the plane of
the cheet, known as cube texture which may be either
doubly oriented or randomly orientsd. The major
volumetric proportion of the sheets is composed of grains
having a crystailine lattice structure such that a cube
face les substantially parallel to the surface of the sheet
and in the doubly oriented material, four cube edges of
the cube lattice are parallel to the rolling direction or
edge of the sheet and four cube edges are transverse
thereto. In the randomly oriented cube texture material,
the grains may have eight cube edges randomly distributed
parallel to the surface of the sheet. One such doutly
criented cube textured silicon-iron alloy is that disclosed
in copending application Serial No. 681,333 filed August
30, 1957, and now abandoned, and in copending ap-
plication Serial No. 19,440, filed April 21, 1960, now
Patent Mo. 2,992,951, which are both assigned to the
same assignee as the present application.

Suitable arrows are disposed on the various magnetic
core sections throughout the drawings to indicate singly
oriented material and cube texture, doubly and randomly
oriented. .

Referring now to FIGS. 4 through 6, there is illustrated
ancther three-phase magnetic core 40 embodying the
teachings of the invention. In general, the magnetic core
40 comprises three half loop members or generally U-
shaped members 48A, 40B and 48C cach having a sub-
stantiaily straight central portion to provide a winding
leg portion as indicated at 121, 122 and 123, respec-
tively, and first and second connecting yoke portions dis-
posad at substantially right angles with respect to the asso-
ciated winding leg portions, as indicated at Y21 and Y31,
at ¥22 and Y32, and at Y23 and Y33, respectively, in
FIG. 4. The three generally U-shaped core members
48A, 4B and 49C are assembled or disposed around a
common longitudinal axis, as indicated at 145, in a sub-
stantially symmetrical arrangement with the yoke porticns
of the respective core members meeting in common joints
at each end of said core and extending outwardly from
said central axis in directions which are displaced from
one another by substantially equal angles of 120° with
respect to said central axis.

More specifically, each of the generally U-shaped core
members 480A, 40B and 46C of the magnetic core 49
comprises a pluarality of layers of laminations or punch-
ings formed from magnetic sheet or stzip material hav-
ing at least one preferred direction of magnetic orienta-
tion substantially paraliel to its edges or longitudinal
dimension and assembled flatwise in nested or superposed
relation to form the central winding leg portion and the
connecting yoke portions at the opposite ends thereof.
In particular, each of the layers of laminations of each
of the core members 46A, 49B and 40C includes first
and second generally L-shaped laminations as indicated
at 1518 and 161B through 156B and 166B, respectively,
for the core member 40B in FIG. 4 with the meeting
ends of the generally L-shaped laminations in each layer
of laminations being substantially aligned with each other
in the leg portion of each core member and offset or
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displaced from the meeting ends of the laminations in
the adjacent layers by a predetermined distance which is
at least six times the thickness of each lamination to form
a series of stepped-lap joints which are arranged in
recurring or repeating groups as previously described in
greater detail for the leg portions of each of the mag-
netic cores 28 and 30.

The ends of the laminations which make up each of
the core members 40A, 40B and 40C and which meet inn
cach of the overall yoke portions of the magnetic core
49 are substantially aligned with the ends of the lamina-
tions in the corresponding layers of the other core mem-
bers. The meeting ends of the corresponding layers of
laminations in the yoke portions at each end of the core
members 40A, 46B and 48C are cut fo be generally
V-shaped in configuration as best shown in FIGS. 5,
5b and Sc which illustrate the successive layers of lamina-
tions 131, 132 and 133 in the upper yoke portions Y21,
Y22 and Y23 of the core members 40A, 48B and 40C,
respectively. As shown in FIGS. 5a through 5c, both
sides of the V-shaped ends of each of the laminations
which make up the core members 40A, 40B and 46C
are cut at substantially a predetermined angle, preferably
an angle of substantially 60°, with respect to the edges
or longitudinal dimension of the. strip material from
which said laminations are formed. It is to be noted
that the tips or apexes of the V-shaped ends of the
corresponding ‘laminations in successive layers which
meet in the yoke portions at each end of the magnetic
core 40 are laterally offset or displaced from one an-
other with respect to the center line of each of the cor-
responding laminations along a line which is substantially
perpendicular to said center line and passes through the
longitudinal axis, indicated at 145, by a distance which
is at least six times the thickness of each of the lamina-
tions in order that the joints between the meeting ends
of the corresponding layers of laminations in the core
members 484, 46B and 46C be overlapped by the adjacent
layers of laminations and to produce a series of stepped-
lap joints between the yoke portion of each of the core
members 40A, 40B and 468C and those of the other respec-
tive core members at each end of the magnetic core
40. For example, the apexes of the V-shaped ends of
the laminations 151A, 152A, 153A of the layers 131,
132 and 133, respectively, as shown in FIGS. 5a through
Sc, respectively, are laterally displaced with respect to a
common centerline of each of the corresponding lamina-
tions, as indicated at 145, 142A and 143A, respectively.
Similarly the apexes of the V-shaped ends of the lamina-
tions 1518, 1528 and 153B are arranged in a stepped
pattern and laterally displaced from one another as in-
dicated at 145, 142B and 143B, respectively, while the
tips or apexes of the V-shaped ends of the laminations
151C, 152C and 153C are similarly arranged as indicated
at 145, 142C and 143C, respectively. It is to be noted
that in the layer of laminations shown in FIG. 5a that
when the V-shaped ends of the laminations 151A, 151C
and 1518 are symmetrically arranged with respect to the
center lines through the respective laminations, then the
apexes of the V-shaped ends of the laminations in the
layer 131 meet substantially at the central longitudinal
axis of the magnetic core 48, as indicated at 145. When,
however, the V-shaped ends of a meeting lamination in
the other layers 132 and 133 shown in FIGS. 5b and 5¢
respectively are not symmetrical with respect to the
center lines through the respective laminations in each
of said layers, then the apexes of the V-shaped ends of
the meeting laminations are displaced from one another
by predetermined distances so that a hole or opening
results centraily in the yoke portions of the magnetic
core 40 as indicated at 147 and 149 for the layers 132
and 133, respectively. As best shown in FIG. 6, it should
also be noted that when the sides of the V-shaped ends
of the meeting laminations in certain layers are not sym-
metrical with respect to the center lines in the respec-
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tive laminations as in the layers 132 and 133, then sub-
stantially triangular recesses result in the outer portion
of the overall joint between the meeting yoke portions of
the respective core members 48A, 489B and 48C, as in-
dicated at 150 in FIG. 6. As mentioned previously and
as best shown in FIG. 6, the joints between the cor-
responding layers of laminations in the yoke portions of
the core members 40A, 488 and 46C are all substan-
tially symmetrical with respect to the central longitudinal
axis of the magnetic core 490, as indicated at 145 in
FIG. 6. '

The stepped-lap joints in each group of layers of
laminations in each of the leg portions 121, 1.22 and
123 of the magnetic core 46 are provided in order to
facilitate the assembly of the magnetic core 40 with
associated preformed electrical windings which are dis-
posed on each of said leg portions, but it is to be under-
stood that the stepped-lap joints in the leg portions 121,
1.22 and L23 of the magnetic core 49 may be omitted in
certain applications in which the openable joints between
the yoke portions of the core members 40A, 4¢B and
40C would be relied on to facilitate the assembly of elec-
trical windings on the leg portions of the respective core
members. In the latter modified construction, each of the
core members 494, 46B and 4¢C would include a plurality
of layers of generally U-shaped laminations rather than
each of said layers including at least first and second
generally L-shaped laminations as shown in FIG. 4. In
the latter construction, the V-shaped ends of the lamina-
tions in the yoke portions of each of the core members
48A, 408 and 48C would be arranged as just described
in detail to provide a series of stepped-lap joints in re-
curring or repeating groups in said yoke portions be-
tween the respective core members. :

It is important to note that the apexes of the V-shaped
ends of the corresponding laminations in successive layers
in each of the core members 40A, 49B and 40C of the
magnetic core 49 are laterally displaced from one another
along a line which is substantially perpendicular or
transverse with respect to the center line of the respective
corresponding laminations and. which passes substan-
tially through the central longitudinal axis of the mag-
netic core 40, as indicated at 145.

Referring now to FIGS. 7 through 9, there is shown
a three-phase magnetic core illustrating another embodi-
ment of the invention, In general, the three-phase mag-
netic core 60 comprises three half loop members or gen-
erally Us-shaped members 68A, 66B and 60C and first
and second magnetic insert members 209 which each
include a plurality of magnetic insert laminations 210
through 224, at the opposite ends of the magnetic core.
69, as shown in FIG. 7. The core members 60A, 60B
and 68C include the substantially straight central por-
tions L1131, L112 and L113 to provide winding leg por-
tions and connecting yoke portions at the opposite. ends
thereof, as indicated at Y111, Y112 and Y113, respec-
tively, at the vpper ends of said core members, which
are disposed at substantially right angles with respect to
the associated winding leg portions. The core members
60A and 60B are assembled or disposed with the yoke
portions thereof facing each other and with the magnetic
insert members 280 disposed between the yoke portions
of said core members at each end of the magnetic core
68 to form a substantially closed loop magnetic: mem-
ber having a substantiaily rectangular configuration. If
it is assumed that the substantially closed magnetic loop
member just described defines a first plane, then the third
core member 60C is assembled to form a joint with the
magnetic insert members 26¢ at the opposite ends of
the magnetic core 60 with the plane defined by the core
member. 60C being disposed at substantially a right
angle or normal with respect to the plane defined by the
closed magnetic loop member previously described.

More specifically, each of the core members 60A, 60B
and 66C comprises a plurality of laminations or punchings
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formed from a magnstic strip material having a preferred
direction of orientation substantially parallel to its edges
or longitudinal dimension and assembled flatwise in nested
or superposed relation to provide a substantially straight
winding leg portion as indicated at 1111, 1.132 and 1113,
respectively, and the commecting yoke portions at the
opposite ends thereof as previously mentioned. For
example, the core member 688 comprises a plurality of
generally U-shaped laminations 231 through 236, while
the core member 68C comprises a plurality of generally

-shaped laminations 24f through 246, as indicated
in FIG. 7. The ends of the laminations which make
up each of the core members 684, 688 and 68C are cut
substantially perpendicular transverse with respect to
the edges thereof with the cut ends of the laminations in
successive layers of laminations being offset or displaced
from one another by a predetermined distance which is
at least six times the thickness of each lamination to
form a plurality of groups of layers of laminations with
the ends of the laminations being arranged in a stepped
pattern. As shown in FIG. 8, the core members 684,
698 and 60C may be conveniently formed in pairs by
winding a plurality of turns of magnetic strip or sheet
material on an associated mandrel (not shown) and ar-
ranging the meeting ends of successive layers of lamina-
tions to be substantially aligned with each other and
offset or displaced from one anothsr to foim a seriss
of stepped-lap joints in the magnetic core structure 59
at each end of said magnetic core which may then be
opened - to provide two of the three magnetic core mem-
bers required tc make up the magnstic core £§ shown
in FIGS, 7 and 9.

As previously indicated, the magnetic insert member
260 includes a plurality of substantially rectangular lami-
nations or punchings formed from magnetic strip mate-
rial having a first preferred direction of orientation sub-
stantially parallel to its edges or longitudinal dimension
and a second preferred direction of orientation which is
substantially perpendicular or transverse with respect to
the first direction of orientation. In particular, the mag-
netic insert member 26§ which is provided at each end
of the magnetic core §9 includes a plurality of substan-
tially rectangular laminations 210 through 224 with at
least three sides of each substantially rectangular insert
lamination being displaced from the corresponding sides
of the adjacent layers of laminations to provide a stepped
pattern on at least three sides of the insert laminations
210 through 224 with the stepped pattern being arranged
in recurring or repeating groups to match the stepped
patterns in the ends of the yoke portions of the core mem-
bers 60A, 60B which are assembled on the latter three
sides of the insert laminations 210 through 224. The
joints between the insert laminations 218 through 224 and
the meeting cnds of associated laminations in the yoke
portions of the core members 68A, 68B and 60C are over-
lapped by the adjacent layers of laminations to form a
series of stepped-lap joints in repeating or recurring groups
between the magnetic insert members 268 and each of the
core members G0A, 60B and €9C at each end of the
magnetic core 68. It is to be noted, as shown in FIG. 9,
that the length of the sides of the insert laminations 218
through 224 which are substantially parallel to the plane
defined by the closed loop which includes the core mem-
bers 68A and 68B on opposite sides of said insert lami-
nations and the magnetic insert members 299 remains at
substantially a predetermined value while the transverse
dimension of said insert laminations which is substantially
normal to the piane defined by the latter closed Ioop or
substantiaily parallel to the plane defined by the third
core member 68C varies in a stepped pattern with the
side of the insert laminations on which the third core
member 60C is disposed forming a stepped sequence in
which the sides of successive layers of insert laminations
are displaced from those in the adjacent layer by a pre-
determined distance which is at least six times the thick-
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ness of the laminations which make up the magnetic in-
sert member 200. It is important to note that the first
preferred direction of orientation of the magnetic strip
mafterial from which the insert laminations 210 through
224 are formed is substantially coincident with the pre-
ferred direction of orientation of the magnetic strip ma-
terial from which the laminations of each of the core
members 69A and 60B are formed while the second pre-
ferred direction of orientation of the magnetic strip mate-
rial from which the insert laminations 210 through 224
arz formed is substantially coincident with the preferred
direction of orientation of the magnetic strip material
from which the laminations of the preferred core mem-
bers 68C are formed to thercby reduce the overall re-

5 Iuctance of the inagnetic core 6¢ and to improve the

transfer of magnetic flux between the third core member
€0C and each of the core members 68A and €0B in the
different magnetic paths provided in the magnetic core
68. It is to be noted that the slopes of the stepped-lap
joints formed between the groups of laminations which
make up each of the core members 68A and 608 of
the magnetic core 68 and the insert laminations of the
magnetic insert members 260 are substantially parallel
with one another on the opposite sides of said magnetic
insert member.

It is to be understood that step ed-lap joints may be
added to the leg portions of each of the core members
€0A, 60B and 68C in a particular application similarly
to the stepped-lap joints provided in the different mag-
netic cores previously described in detail, but it is pre-
ferred that the stepped-lap joints provided between the
magnetic insert member 206 and each of the core mem-
bers 68A, 685 and 68C be disposed near the corner of
each of said core members in order to eliminate the
latter additional requirement for joints in the leg portions
of said core members and to facilitate the assembly of
the core members 60A, 603 and 69C with associated
preformed electrical windings which would be disposed
cn the winding leg portions of said core members,

Referring now to FIG. 10, there. is illustrated a three-
biiase magnetic core §0 which is similar to the magnetic
core 6% just described except that the construction of
the magnetic insert members between the different core
members dncluded in the magnetic core 89 has been modi-
fied. Similarly to the magnetic core 8, the magnetic
core &9 includes three half loop members or generally
U-shaped core members 80A, 808 and 86C which are
similar to the core members §8A and 68C of the magnetic
core 68 previously described in detail, The magnetic
insert members 489 are similar to the magnetic insert
members 268 except that the dimensions of the substan-
tially rectangular insert laminations 411 through 416 vary
in steps in both directions. In particular, the dimensions
of the insert laminations 411 through 416 vary in steps
in a first direction which is substantially parallel to the
plane defined by the closed lcop which includes the core
members 8JA and 8B and the magnetic insert members
489, and in a second direction which is substantiaily per-

endicular or normal to the Iatier plane or substantially
parallel to the plane defined by the third core member
80C in order to provide a series of stepped-lap joints
between the magnetic insert members 483 and each of
the core members 80A, 808 and 88C. It is to be noted
that the insert laminations which make up the insert mag-
netic member 488 are arranged with at least three corre-
sponding sides of the successive layers of laminations
arranged in a stepped pattern and that the slopes of the
stepped-lap joints formed between said magnetic insert
members and the core members 86A and 8¢B on Oppo-
site sides of sald magnetic insert member are mot dis-
posed substantially parallel to one another, as in the mag-
netic core €0, but that the slopes of the stepped-lap joints
between the magnetic insert members 480 and the core

3 members 88A and 80B are disposed in substantially oppo-




3,195,090

13
site directions with respect to one another. It is im-
portant to note- that in the magnetic core 89, as in the
magnetic core 60, that the first preferred direction of
orientation of the magnetic strip material from which the
insert laminations 421 through 416 are formed is sub-
stantially coincident with the preferred direction of orien-
tation of the magnetic strip material from which the
layers of laminations of the core members 88A and 80B
are formed, while the second preferred direction of orienta-
tion of the magnetic strip material from which the insert
laminations 411 through 416 are formed is substantiaily
coincident with the preferred direction of orientation of
the magnetic strip material from which the layers of lami-

nations of the third core members 88C are formed. It is

to be noted that the proper matching of the meeting ends
of the laminations of each of the yoke portions Y121,
Y122, and Y123 of the core members $0A, 808 and §6C,
respectively, to the stepped pattern in the repeating or
recurring groups of the insert laminations of the magnetic
insert member 469 may be obtained from the magnetic
core structure 5¢ shown in FIG. 8 by turning the half
Ioop members end to end as required for the assembly
of the magnetic core 8% in FIG. 10.

Referring to FIG. 11, there is shown a three-phase mag-
netic core 70 illustrating another emobdiment of the in-
vention. In general, the magnstic core 79 includes thiee
half loop members or generally U-shaped members 70A,
70B and 70C and the first and second magnetic insert
members 390, similarly to the magnetic core 69 previously
described. Each of the core members 78A, 76B and 786C
is the same as the core members 68A and 68C of the mag-
netic core 60 and includes a substantially straight central
winding leg portion and connecting yoke portions at the
opposite ends thereof as indicated at Y331, Yi32 and
Y133 at the upper ends of the core members 70A, 768
and 76C, respectively, in FIG. 11. The magnetic insert
members 309 each includes a plurality of layers of lamina-
tions, such as the insert lamination 311, which is substan-
tially triangular in configuration, and the insert lamina-
tions 332 and 333 which are substantially hexagonal in
configuration, said laminations being formed from a mag-
netic strip material having a random orientation of the
type previously mentioned and having more than one
preferred direction of magnetic orientation. At least three
corresponding sides of the successive layers of lamina-
tions 311 through 313 of the magnetic insert members 308
are arranged offset or displaced from one another in a
stepped pattern to match the meeting ends of the layers
of laminations in each of the core members 78A, 768 and
70C with the corresponding layers of laminations being
substantially aligned with each other and the joints be-
tween the meeting laminations being overlapped by those
in the adjacent layers of laminations to form a series of
stepped-lap joints between the magnetic insert members
380 and each of the core members T8A, 768 and 78C in
groups which are recurring or repeating. The core mem-
bers 76A, 78B and 78C of the magnetic core 70 are sym-
metricaily arranged around a central axis which extends
longitudinally through the magnetic core 78 with the yoke
potticns of said core members extending outwardly from
said central axis and being displaced from one another by
substantially predetermined angles of 120° with respect
to said central axis similarly to the magnetic core 48 pre-
viously described. The randomly oriented magnetic strip
material from which the insert laminations of the mag-
netic insert members 36¢ are formed includes preferred
directions of orientation which coincide with the respec-
tive preferred directions of orientation of the magnetic
strip materials from which the laminations of each of the
core members 70A, 70B and 78C are formed to reduce
the overall reluctance of the magnetic core 70 and im-
prove the transfer of magnetic flux between said core mem-
bers and said magnetic insert members at each end of the
magnetic core 78, in the different magnetic paths divided
in said magnestic core.
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It is to be understood that the laminations of the mag-
netic insert members 3¢ may also be formed from doubly
oriented magnetic material with one preferred direction
of orientation of the strip material from which the suc-
cessive layers are formed being rotated substantially 120°
in a plane which is substantially normal to the central axis
of the core 7& about said central axis to balance the
reluctances between the insert members 388 and each of
the core members 78A, 768 and 78C.

Referring now to FIG. 12 there is shown a three-phase
magnetic core 99 illustrating another embodiment of the
teachings of the invention. In general, the magnetic core
26 includes three half loop members or generally U-shaped
members 99A, 98B and 98C, each having a substantially
straight portion to provide a winding leg portion as indi-
cated at 1223, L322 and Li23, respectively, and connect-
ing yoke portions at each end thereof, as indicated at
Y1i2%, Y122 and Y123, respectively, at the upper end of
the magnetic core 98 which are disposed at substantially
right angles with respect to the associated winding leg por-
tions. Each of the core members 90A, 98B and 26C in-
cludes a plurality of layers of laminations formed from
magnetic strip or sheet material having a preferred direc-
tion. of orientation substantially parallel to its edges or
longitudinal dimension and assembled or disposed flatwise
in nested or superposed relationship. Each of the layers
or laminations of the core members 98A, 98B and 94C in-
cludes at least first and sccond generally L-shaped lamina-
tions having the ends cut in a stepped pattern in the leg
portions L1231, L322, and 1123 to form a series of stepped-
lap joints in each of said leg portions similarly to the mag-
netic cores 28 and 39 previously described in greater de-
tail. The ends of the laminations in the yoke portions of
the core members 83A, 908 and 86C at each end of the
magnetic core 9 are progressively interleaved and overlap
in sequence to provide a series of lap joints between the
yoke portions of the core members 38A, 9¢B and 90C at
each end of the magnetic core 89. It is to be noted that
the thickness of the joints between the yoke portions of
the core members 96A, 90B and 98C at each end of the
magnetic core 99 is substantially three times the thickness
of each of the leg portions 1121, 1122 and L123. The
magnetic strip material from which the laminations of the
core member $3A are formed also includes a second pre-
ferred direction of magnetic orientation substantially per-
pendicular transverse with respect to the edges or the first
direction of orientation previousiy mentioned. This is be-
cause the core member 98A is disposed with the yoke por-
tions of said core member disposed at substantially right
angles with respect to the yoke portions of each of the
core members 98B or 98C. In other words, if it is as-
sumed that the core members 98B and 98C taken together
define a first plane, then the third core member $0A is
disposed with the plane defined by said third core mem-
ber disposed at substantially a right angle with respect to
the plane defined by the core members 98B and $8C. The
first preferred direction of orientation of the magnetic
strip material from which the laminations of the core
member 98A are formed is disposed at substantially a
right angle with respect to the preferred direction of orien-
tation of the magnetic strip material from which the lam-
inations
but the second preferred direction of orientation of mag-
netic strip material from which the Iaminations of the
core member 90A are formed substantially coincides or is
parallel with the preferred direction of orientation of the
magnetic strip material from which the laminations of the
core members 90B and 90C are formed to reduce the
overall reluctance of the magnetic core 98, reduce its losses
and improve the transfer of magnetic flux between the
third core member 98A and the first and second core
members 2B and 99C, respectively, in the different mag-
netic paths provided in the magnetic core 98. It is to be
understood, that the latter construction may be adapted
to other types of three-legged cores wherever there is ons

f the core members 98B and 9¢C are formed .
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leg member whose Iaminations extend into or form lap
joints with the other two leg members and where flux must
travel in a direction. which would result in high losses
with the use of only singly oriented material.

The apparatus embodying the teachings of this invention
have several advantages. For example, the different three-
phase magnetic core structures disclosed offer the ad-
vantages of lower reluctance, lower losses and greater
efficiency in the associated electrical apparatus and lend
themselves to improved methods of manufacture and as-
sembly. In addition, the magnetic core structures dis-
closed which include portions formed from laminations
of magnetic strip material having more than one preferred
direction of orientation are adapted to take advantage of
the unique properties of such improved magnetic ma-
terials, while still utilizing the special advantages of singly
oriented magnetic sheet or strip material in the other
portions of the magnetic core structures disclosed,

It is understood that in the different magnetic cores
disclosed that the stopes of the stepped-lap joints formed
in successive groups may be arranged to be substantially
parallel in a repeating or recurring pattern or that the
slopes of the stepped-lap joints in successive groups may
be oppositely disposed to form a generally sawtooth pat-
tern in the overall joint.

Since numerous changes may be made in the above-
described apparatus and different embodiments of the
invention may be made without departing from the spirit
and scope thereof, it is intended that all the matter con-

tained in the foregoing description or shown in the ac- 3

companying drawings shall be interpreted as illustrative
and not in a limiting sense.

We claim as our invention:

1. A three-phase magnetic core comprising a substan-
tially rectangular closed loop member including a plu-
rality of layers of laminations formed from magnetic strip
material and assembled in nested relationship, two parallel
sides of said rectangular loop member forming first and
second leg portions of said core and the other parallel
sides forming yoke portions connecting said leg portions,
alternate layers of laminations in each of said yoke por-
tions including recesses therein, and a half loop member
including a plurality of layers of laminations formed
from magnetic strip material having at least two preferred
direction of magnetic orientation and assembled in super-
posed relation to form a substantially straight third leg
porticn and connecting yoke portions at substantially right
angles to the third leg portion, the yoke portions of said
half loop member being disposed at substantially a right
angle with respect to said closed loop member with the
ends of alternate layers of laminations in the yoke por-
tions of said half loop member being disposed in the
recesses of the yoke portions of said closed loop member
to form a series of butt-lap joints with the laminations
of said closed loop member.

2. A three-phase magnetic core comprising a substan-
tially rectangular closed loop member including a plu-
rality of layers of laminations formed from magnetic strip
material and assembled in nested relationship, two paral-
lel sides of said rectangular loop member forming first
and second leg portions of said core and the other paral-
lel sides forming yoke portions connecting said leg por-
tions, alternate layers of laminations in each of said yoke
portions including recesses therein, and a half loop mem-
ber including @ plurality of layers of laminafions formed
from magnetic strip material having at least two preferred
directions of magnetic orientation and assembled in super-
posed relation to form a substantially straight third leg
portion and connecting yoke portions at substantially right
angles to the third leg portion, the yoke, portions of said
half loop member being disposed at substantially at right
angle with respect to said closed loop member with the ends
of alternate layers of laminations in the yoke portions of
said half lcop member being disposed in the recesses of
the yoke portions of said closed loop member to form a
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series of butt-lap joints with the laminations of said
closed loop member, the ends of the layers of laminations
of each of said leg porticns being cut substantially per-
pendicular to longitudinal edges of the laminations and
assembled with the cut ends of the laminations of each
layer substantially aligned and dispatched from those in the
adjacent layers to form a series of stepped-lap joints.

3. A three-phase magnetic core comprising a substan-
tially rectangular closed loop member including a plu-
rality of layers of laminaticns formed from magnetic
strip material having a preferred direction of orientation
substantially parallel to longitudinal edges of the strip ma-
terial and assembled fiatwise in nested relation, two paral-
lel sides of said rectangular lcop member forming first
and second leg portions and the other parallel sides forn-
ing first and second yoke portions connecting said first
and second leg rortions, alternate layers of laminations
of said loop member each comprising first and second
generally U-shaped laminations disposed at the first and
second yoke portions of said core, respectively, with the
ends of each of said first and second U-shaped lamina-
tions extending into said first and second leg porticns and
meeting to form butt joints, the layers of laminations in-
tervening said layers of U-shaped laminations each com-
prising four generally L-shaped laminaticns disposed with
certain ends of two of the L-shaped laminations butting
against each other in said first leg portion, and certain
ends of the remaining two L-shaped laminations butting
against each other in said second leg portion, the remain-
ing ends of said L-shaped laminations extending into said
first and second yoke portions and spaced from each other
to form recesses therein, and a generally U-shaped core
member including a plurality of layers of generally L-
sheped laminations formed from magnetic strip material
having at least two preferred directions of magnetic ori-
entation and assembled fiatwise in nested relation to form
a third leg portion and yoke portions disposed at right
angles to the third leg portion, the yoke portions of said
U-shaped core member being disposed at substantially
a right angle with respect to the plane of said closed locp
member with the ends of alternate layers of laminations
in the yoke portions of said U-shaped core member being
disposed in the recesses of the yoke portions of said closed
lcop member.

4. A there-phase magnetic core comprising a substan-
tially rectanguler closed loop member including a plu-
rality of layers of laminations formed from magnetic strip
material having a preferred direction of orisniation sub-
stantially paraliel to longitudinal edges of the strip ma-
terial and assembled flatwise in nested relation two paral-
lel sides of said rectangular loop member forming first
and second leg porticns and the other parallel sides form-
ing first and second yoke portions connecting said first
and second leg portions alternate layers of iamiantions
of said loop member each comprising first and second
generally U-shaped laminations disposed at the first and
second yoke portions of said core respectively with the ends
of each of said first and second U-shaped laminations
extending into said first and second leg portions and
meeting to form butt joints the layers of laminations
intervening said layers of U-shaped laminations each com-
prising four generally L-shaped laminations disposed with
certain ends of two of the L-shaped laminations butting
against each other in said first leg portion and certain
ends of the remaining two L-shaped laminations butting
against each other in said second leg portion, the remain-
ing ends of said L-shaped laminations extending into said
first and second yoke portions and spaced from each other
to form recesses therein, and 2 generally U-shaped core
member including a plurality of layers of generally 1L-
shaped laminations formed from magnetic strip material
having at least two preferred directions of magnetic ori-
entation and assembled flatwise in nested relation to
form a third leg portion and yoke portions disposed at
right angles to the third leg portion, the yoke portions
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of said U-shaped core member being disposed at sub-
stantially a right angle with respect to the plane of
said closed loop member with the ends of alternate
“layers of laminations in the yoke portions of said U-shaped
core member being disposed in the recesses of the yoke
portions of said closed loop member, the meeting ends
of the U-shaped and L-shaped laminations in the leg por-
tions of said core in successive layérs of laminations being
“displaced from each other by a predetermined distance
‘to form a series of stepped-lap joints in each of said
leg portions.

5. A three-phase magnetic core comprising a substan-
‘tially rectangular core loop including a plurality of layers
of laminations formed from magnetic strip material and
-assembled in nested relationship to form- first and second
substantially parallel leg portions and yoke portions con-
necting said leg portions at opposite ends of said core
loop, the layers of laminations of each of said yoke por-
tions each including a substantially rectangular recess,
the recesses in successive layers of laminations being
formed in a stepped recurring pattern, and a generally
U-shaped core member including a plurality of layers
of laminations formed from magnetic strip material having
at least two preferred directions of magnetic orientation
and assembled in nested relationship to form a substan-
tially straight third leg portion and yoke portions dis-
posed substantially perpendicular to the third leg por-
tion, the yoke portions. of said U-shaped member being
disposed at substantially a right angle to the plane of
said core loop with the ends of the laminations of the
yoke portions of said U-shaped member being disposed
in the recesses of the layers of laminations of the yoke
portions of said core loop to form a series of stepped-lap
joints with each of the yoke portions of said core loop.

6. A three-phase magnetic core comprising a substan-
tially rectangular core loop including a plurality of layers
of discrete laminations formed from magnetic strip ma-
terial and assembled in nested relationship to form first
and second - substantially parallel leg portions and first
and second yoke portions connecting said first and second
leg portions at opposite ends of said core loop, the layers
of laminations of each of said yoke portions-each includ-
ing a substantially rectangular recess, the recesses in
successive layers of laminations being formed in a stepped
recurring pattern, and a generally U-shaped core member
“including a plurality of layers of laminations formed from
‘magnetic strip material having at least two preferred direc-
tions of magnetic orientation and assembled in nested
relationship to form a substantially straight third leg
‘portion and yoke portions disposed substantially per-
‘pendicular to the third leg portion, the yoke portions of
said U-shaped member being disposed at substantially
‘a right angle to the plane of said core loop with the ends
of the laminations of the yoke portions of said U-shaped
member being disposed in the recesses of the layers of
laminations of the yoke portions of said core loop to
form a series of stepped-lap joints with each of the yoke
portions of said core loop, each layer of laminations of
each of said leg portions being cut to provide ends that are
substantially at right angles to longitudinal edges of the
laminations and assembled with the cut ends of the lamina-
‘tions of each layer being substantially aligned and dis-
placed from those in the adjacent layers to overlap the
cut ends of the laminations in the adjacent layers and
form a series of stepped-lap joints,

7. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including a plurality
of layers of lamiantions formed from magnetic strip ma-
terial having a preferred direction of orientation -sub-
stantially parallel to longitudinal edges of the strip ma-
terial, the laminations of each of said core members
being assembled flatwise in nested relation to form a sub-
stantially straight leg portion and yoke portions disposed
at substantially right angles to said leg portion, the ends
of the layers of laminations of the yoke portions at both
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ends of said cors members being cut substantially per-
pendicular to longitudinal edges of the laminations, the
cut ends of the laminations being displaced from the
cut ends of the laminations in the adjacent layers by a
predetermined distance in stepped relation, and first. and
second pluralities of layers of magnetic inserts formed
from magnetic sheet material having at least two pre-
ferred directions of orientation and stacked with at least
three sides of said inserts in successive layers being dis-
posed in stepped rtelation, the respective yoke portions
of each of said core members being assembled on the
three sides of said first and second pluralities of layers
of inserts with the laminations of said yoke portions sub-
stantially aligned with the adjacent inserts to form a
series of stepped-lap joints between each of said yoke
portions and each of said pluralities of layers of inserts,
the yoke portions of said core members being disposed
at predetermined angles with respect to each other.

8. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including a plurality
of layers of laminations formed from magnetic strip ma-
terial having a preferred direction of orientation sub-
stantially parallel to its longitudinal dimension, the lami-
nations of each of said core members being assembled
flatwise in nested relation to form a substantially straight
leg portion and yoke portions disposed substantially at
right angles to said leg portion, the ends of the layers
of laminations being cut substantially perpendicular to
longitudinal edges of the laminations, the cut ends of
each layer of laminations being displaced from the cut
ends of the adjacent layers of laminations by a prede-
termined distance in stepped relation, and a plurality of
substantially rectangular inserts at each end of said core
formed from magnetic sheet material having a first pre-
ferred direction of orientation substantially parallel to its
longitudinal dimension and a second preferred direction
of orientation transverse thereto, the plurality of inserts
at each end of said core being stacked with at least three
corresponding sides of successive inserts arranged in re-
curring stepped relation, two of said core members being
assembled on two opposite sides of said three sides of
said ‘plurality of inserts at each end of said core with
the layers of laminations of each yoke portion of each
of said core members substantially aligned with each plu-
rality of inserts to form a series of stepped-lap joints with
said inserts at each end of said core, the third of said core
members being assembled on the third of said three sides
of said inserts at substantially a right angle with respect
to the plane of said two core members with the laminations
of said core member substantially aligned with the inserts
at each end of said core to form recurring series of stepped-
lap joints.

9. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including a plurality
of layers of laminations formed from magnetic strip ma-
terial having a preferred direction of orientation substan-
tially parallel to its longitudinal dimension, the lamina-
tions of each of said core members being assembled flat-
wise in nested relation to form a substantially straight
leg portion and yoke portions disposed substantially at
right angles to said leg portion, the ends of the layers of
laminations being cut substantially perpendicular to longi-
tudinal edges of the laminations thereof, the cut ends
of each layer of laminations being displaced from the cut
ends of the adjacent layers of laminations by a predeter-
mined distance in stepped relation, and a plurality of tri-
angular and hexagonal inserts at each end of said core
formed from magnetic strip material having at least two
preferred directions of orientation, the plurality of inserts
at each end of said core being stacked with at least three
corresponding sides of successive inserts being parallel
and offset from each other in recurring stepped relation,
each of said core members being assembled with the layers
of laminations of each of the yoke portions in substantial
alignment with the corresponding sides of the inserts at
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each end of said core to form recurring series of stepped-
lap joints, the yoke portions of said core members being
displaced from each other by substantially equal angles
around a central axis of said core.

19. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including a plurality
of layers of laminations formed from magnetic strip ma-
terial having a preferred direction of orientation substan-
tially parallel to its longitudinal dimension, the lamina-
tions of each of said core members being assembled flat-
wise in nested relation to form a substantially straight leg
portion and yoke portions disposed substantially at right
angles to said leg portion, the ends of the layers of lami-
nations being cut substantially perpendicular to the longi-
tudinal edges of the laminations, the cut ends of each
layer of laminations being displaced from the cut ends
of the adjacent layers of laminations by a predetermined
distance in stepped relation, and a plurality of substantially
rectangular inserts at each end of said core formed from
magnetic sheet material having a first preferred direction
of orientation substantially parallel to its longitudinal di-
mension and a second preferred direction of orientation
transverse thereto, the plurality of inserts at each end of
said core being stacked with at least three corresponding
sides of successive inserts arranged in recurring stepped re-
lation, two of said core members being assembled on two
opposite sides of said three sides of said plurality of in-
Serts at each end of said core with the layers of Jamina-
tions of each yoke portion of each of said core members
substantially aligned with each plurality of inserts to
form a series of stepped-lap joints with said inserts at
each end of said core, the lengths of the sides of the in-
serts which are substantially parallel to the plane of said
two core members being substantially a predetermined
value, the third of said core members being assembled
on the third of said three sides of said inserts at substan-
tially a right angle with respect to the plane of said two
core members with the laminations of said core member
substantially aligned with the inserts at each eand of said
core to form recurring series of stepped-lap joints.

11. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including 2 plurality
of layers of laminations formed from magnetic strip ma-
terial having a preferred direction of orientation substan-
tially parallel to its longitudinal dimension, the lamina-
tions of each of said core members being assembled flat-
wise in nested relation to form a substantially straight leg
portion and yoke portions disposed substantially at right
angles to said leg portion, the ends of the layers of lami-
nations being cut substantially prependicular to longitudi-
nal edges of the laminations thereof, the cut ends of each
layer of laminations being displaced from the cut ends
of the adjacent layers of laminations by a predetermined
distance in stepped relation, and a plurality of substan-
tially rectangular inserts at each end of said core formed
from magnetic sheet material having a first preferred
direction of orientation substantially parallel to its longi-
tudinal dimension and a second preferred direction of
orientation fransverse thereto, the plurality of inserts at
each end of said core being stacked with at least three
corresponding sides of successive inserts arranged in re-
curring stepped relation, two of said core members be-
ing assembled on two opposite sides of said three sides
of said plurality of inserts at each end of said core with
the layers of laminations of each yoke portion of each
said core members substantially aligned with each plu-
rality of inserts to form a series of stepped-lap joints with
said inserts at each end of said core, the respective lengths
of the sides of the inserts which are substantially parallel
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to the plane of said two core members and the sides which
are transverse thereto both varying in steps in successive
inserts; the third of said core members being assembled
on the third of said three sides of said inserts at substan-
tially a right angle with respect to the plane of said two
core members with the laminations of said core member
substantially aligned with the inserts at each end of said
core to form recurring series of stepped-lap joints,

12. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including a plurality
of layers of generally L-shaped laminations formed from
magnetic strip material having at least one preferred di-
rection of orientation substantially parallel to its longi-
tudinal dimension and assembled flatwise in nested reia-
tion to form a substantially straight leg portion and yoke
portions disposed at substantially right angles to said
leg portion, said U-shaped core members being assem-
bled with the yoke portions of said core members meeting
in a common joint at each end of said core and with one
core member being disposed substantially perpendicular
to the plane formed by the other two core members, the
ends of the layers of laminations of the yoke portions
of said core members being progressively interleaved in
sequence at each end of said core to form a series of over-
lapping joints, the magnetic strip material from which
the laminations of said one core member are formed also
having a second preferred direction of orientation trans-
verse to the longitudinal dimension of said material.

13. A three-phase magnetic core comprising three gen-
erally U-shaped core members each including a plurality
of layers of generally L-shaped laminations formed from
magnetic strip material having at least one preferred di-
rection of orientation substantially parallel to its longi-
tudinal dimension and assembled flatwise in nested
relation to form a substantially straight leg portion and
yoke portions disposed at substantially right angles to said
leg portions, said U-shaped core members being assem-
bled with the yoke portions of said core members meet-
ing in a common joint at each end of said core and with
one core member being disposed substantially prependi-
cular to the plane formed by the other two core members,
the ends of the layers of laminations of the yoke portions
of said core members being progressively interleaved in
sequence at each end of said core to form a series of aver-
lapping joints, the magnetic strip material from which
the laminations of said one core member are formed also
having a second preferred direction of orientation trans-
verse to the longitudinal dimension of said material, the
ends of the layers of laminations of each of said leg por-
tions being cut substantially perpendicular to the edges
thereof and assembled with the cut ends of each layer
being substantially aligned and displaced from those in
the adjacent layers to overlap the cut ends of the lamina-
tions in the adjacent layers and form a series of stepped-
lap joints.
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