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My invention relates to electrical induction ap 
paratUS, Such as transformers, and particularly 
to the core or magnetic circuit structure thereof 
and to the method of making the Same. More 
particularly, my invention relates to the core 
structures of polyphase induction apparatus used 
With alternating-current polyphase electrical cir 
cuits in Which separate sets of phase windings 
are proVided for connection to the Separate phases 
Of the polyphase circuit. 
This application is a division of my copending 

application Serial No. 495,421, flled July 20, 1943, 
for Electrical induction apparatus, and assigned 
b0 the Same aSSignee With this applicati0n. 
Many commercial grades of silicon steel have 

slightly better magnetic properties in the direc 
tion of rolling than in a direction at an angle to 
the direction of rolling. That is, when the lines 
of magnetic fluX pass through the Steel Substan 
tially in the direction of rolling, the core loss is 
leSS and the permeability of the Steel is higher 
than when the lines of magnetic flux pass at an 
angle to the direction of rolling, and these prop 
erties are poorest When the lines of magnetic fluX 
are substantially perpendicular to the direction 
of rolling. It has been the USual practice in 
building core structures for Use in distribution Or 
power transformers to employ Stacks of layers Of 
thin sheets or laminations of magnetic material 
shaped as L-plates. These L-plates are stamped 
or pUnched from sheets of Silicon steel, and it is 
necessary that a compromise in the direction of 
Cutting be made Which gives pOOrer magnetic 
qualities than thOse in the optimum direction. 

It haS beendiscoVered that, by a proper COntrOl 
of Cold rolling and annealing silicon Steel, a pre 
ferred Orientation of the grains in the direction 
of rolling may be effected in which the perme 
ability of the steel is considerably higher at op 
erating densities, say 13 to 18 kilogausses, than 
the permeability of commercial grades of hot 
rolled silicon steel at the Same magnetic densi 
ties. Likewise, the Watts loSS per unit Volume Or 
unit weight at operating densities is lower than 
for commercial grades of hot rolled silicon Steel 
at the same density When magnetized in the di 
rection of rolling. 

It will be seen, therefore, that if the magnetic 
circuit loops of a core are formed of a continuouS 
ribbon of Sheet Steel having preferred orientation 
of the grains in the direction of rolling the Strip, 
that is, in the direction in which the lines of mag 
netic flux pass through the strip, a core having 
high permeability and low Watts loss will result. 
There are also many advantages in utilizing 
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preformed current Coils for the Windings of an 
induction apparatus, among which are the appli 
cation of high-frequency testing and the inspec 
tion of the individual unassembled coils. These 
coils are Wound On Separate temporary formers 
or mandrels, and are then assembled together 
with the magnetic core Structure of the trans 
former or other induction apparatuS With the 
required insulation and SpacerS. When continu 
ously Wound cores have been proposed or Utilized 
for use with preformed coils, these cores have 
been cut and provided With butt, joints at the Cut, 
Surfaces in order to provide for ready aSSembly 
of the core parts about the preformed coils. 
Until recently, however, magnetic core structures 
having butt, joints have been characterized by 
high iron losses and high excitation currentS 
Which prevent their Successful operation at high 
magnetic densities, such as are otherwise possible 
when improved magnetically oriented magnetic 
steels are used. 

In my copending application Serial No. 401,699, 
filed July 10, 1941, for Induction apparatUS, and 
assigned to the same assignee as this application, 
a core structure is disclosed that is formed of 
Successive layers of magnetic Sheet material 
wound layer upon layer and bonded together by 
filling the successive layers or turns of magnetic 
sheet material with bonding or filling material, 

30 thereby providing a solid or non-yielding lami 
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nated Structure having a. firm interlayer SuppOrt 
for all portions of the layers of sheet steel Which 
is beneficial in producing a true and relatively 
unburred cut surface forming the faces of the 
butt joints. 

In Patent No. 2,293,951, filed by J. B. Seastone 
and C. C. Horstman, issued. August 25, 1942, for 
Induction apparatus and method of core Con 
Struction therefor, and assigned to the Same aS 
Signee as this application, a further deVelopment 
in the formation of low loSS bUtt joints is dis 
closed in which chemically inert bonding mate 
rial is applied to the laminations, the core is cut, 
worked and etched to remove parts Which could 
electrically connect adjacent laminations. In 
practicing the present invention, the teachings 
of my earlier filed copending application and the 
teachings of the Sea Stone and HOrStman patent 
in the formation of butt joints may be employed 
to increaSe the efficiency of the USe Of the Steel. 

It is an object of the present in Vention to pro 
wide a loW loSS Core Structure for use in poly 
phase electrical apparatus in Which a plurality 
of core loops of magnetic material are employed, 
and each formed from a Sheet of magnetic ma 
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terial Wound flatwise layer upon layer aS abOVe 
described and in which the Separate core l00PS 
provide separate magnetic circuit pathS. 

It is a further object of the in Vention to pro 
wide a low loss core structure of the above-indi 
cated character in which a plurality Of core loops 
extend through the circuit conducting windings 
associated with each phase of the apparatus. 
The invention accordingly is disclosed in the 

embodiments thereof ShOWn in the aCCOmpanying 
drawing, and comprises the features Of ConstruC 
tion, combination of elementS and arrangement 
of parts which will be exemplified in the con 
Structions hereinafter Set forth, and the SCOpe 
of the application of which Will be indicated in 
the claims. 

For a fuller understanding Of the nature and 
objects of the invention, reference should be had 
to the following detailed deScription taken in 
connection With the acCOmpanying dra Wing, in 
Which: 

FigS. 1 and 2 are plan and Side elevational 
views, respectively, of a core and coil assembly 
organized in accordance with the in VentiOn; 

Figs. 3 
views, respectively, of another embodiment of 
the in Vention; and, 

Figs. 5 and 6 are vector diagrams. 
Referring to the drawing, Figs. 1, 2, 3 and 4 

Show three-Phase transformer structures Of the : 
shell type in which three phase Winding Struc 
tures 1, 2 and 3 are arranged along the Same axis, 
and a portion of the core passes centrally through 
the Windows in all three Winding Structures and 
returns parallel to the winding axis on the outside 
Of the Wilding. 

In Figs. 1 and 2 the core comprises two Similar 
upper and lower halves as wiewed in Fig. 2, the 
upper half including lQOpS , 5 and 6 positioned 
about each of the three phase winding structures 
l, 2 and 3, respectively, and an outer loop T about, 
all three of the inner loOPS , 5 and 6, and, simi 
larly, the loWer half of the core Structure includes 
three inner core loops 8, 9 and 10 positioned re 
Spectively about the winding turns of the three 
phase winding structures 1, 2 and 3, and an outer 
loop 1i that is positioned about all three of the 
inner loops 6, 9 and 10. With this arrangement 
of the core loops there exists a plurality of core 
loop members extending through the windows 
in each of the three Sets of windings i, 2 and 3. 
These core OOp members include the Winding 
leg portionS Of the two longer loops T and l 
Which eXtend through the Windows of all three 
winding structures 1, 2 and 3 and includes also 
the winding leg portion of each of the Smaller 
core loops 4, 5, 6, 8, 9 and 10, each of which ex 
tends through a. window of one set only of the 
three winding structures 1, 2 and 3. 
Each of the Several COre loops 4 to , inclusive, 

consistS of a plurality of layers of turns of a 
Strip of magnetic material wound continuously 
to provide a plurality of laminations or sheets of 
Steel. After the loops 4, 5 and 6 have been wound 
to proVide the neceSSary number of turns, and 
the aSSociated Outer loop 1 enclosing the three 
Smaller loops has likewise been wound to provide 
the neceSSary number of turns, the Several loops 
are cut along the line 2 to provide upper and 
loWer loop sections 13 and 1. The upper Section 
3. includes three U-shaped members I 5, 16 and 

| corresponding to the upper portions of the 
three Smaller core loops 4, 5 and G, and a U 
shaped member 18 corresponding to the upper 
portion of the longer loop T surrounding the 

and 4 are plan and Side elevational . 
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4 
three Smaller loops. Likewise, the lower sectio?í 
i?t includes three U-Shaped members 2l, 22 and 
23 corresponding to the loWer portions of the 
loop memberS à, 5 and 6 and a U-shaped member 
24 Corresponding to the lower portion of the loop 
member . In each of the U-Shaped members 
the laminations are bent flatWise at the bends of 
the U, the cut ends presenting a plurality of flat 
faces at the butt, joint Surfaces 12. 

Either during the winding operation or there 
after, prior to cutting the core loops along the 
lines 12 to form the butt joints, the layers of 
magnetic material are bonded together by in 
Sulating and bonding material adhering to the 
OppOSite Sides Of each Of the Several turns or 
laminations comprising the core and are heat 
treated So that the group of laminations are yield 
ably, but rigidiy, attached, So that when cut along 
the line 2, Solid U-shaped pieces resuit which 
may be reaSSembled about the pre-formed coi 
Structures 1, 2 and 3. The particular treatment 
may C0'reSpOnd in detail to that disclosed in my 
abOve-mentioned copending application and in 
the above-mentioned Seastone and Horstman 
patent. 
The lower half of the core as viewed in Fig. 2 

Comprises the Smaller core loops 3, 9 and 0 and 
the larger core loop il are wound, bonded to 
gether and Cut along the lines 25 in the same 
manner abOve described for the upper half of 
the core Structure, as viewed in Fig. 2, cutting 
the Smaller core loops into upper U-shaped mem 
ber portions 15, 16 and , and lower U-shaped 
portions. 2, 22 and 23, and cutting the longer 
loop 9 into upper and lower portions 18 and 24, 
respectively, as described above with respect to 
the Upper half of the core structure as viewed in 
Fig. 2. 

It is common practice, in shell type trans 
formers, to reverse the polarity of the middle one 
of the three-phase windings so that the flux 
PaSSing between the coil groups can be reduced. 
With the polarity of phase Breversed, a greater 
Proportion of the total flux passes through a 
Path about a single window only about the coil 
group of each phase. As shown in Figure 2, 
there are Six windows, 26, 27, and 28 in the upper 
half of the core structure and windows 29, 39 and 
31 in the lower half of the core structure. The 
Windows 26 and 28 accommodate the primary 
and Secondary windings of phase A; the windows 
?? and 39 accommodate the windings of phase B; 
and the Windows 23. and 3 accommodate the 
Windings of phase.C. 

Figure 5 is.a. vector diagram showing the phase 
relation between the magnetizing currents or 
magnetic flux in each of the three phases of the 
three-phase circuit, the magnetizing currents in 
the Separate phases being indicated by the vectors 
A, Band C, respectively, all meeting at a common 
Point O. The time phase relation between the 
magnetizing currents in the three phases will be 
120° as Shown, and the instantaneous current in 
any phase will be represented by the vertical dis 
tance between the outer end of the vector and the 
Point O. In the instantaneous positionshown in 
the diagram in Figure 5, the vertical projection 
of the vector Bis Zero and the projections of the 
vectors A and C are 86% of the maximum value, 
which: maximum value is represented by the 
length of the vector, the projections of the two, 
vectors being in opposite directions. 

Referring to Fig. 2, and assuming the instan 
taneous fluX relation in the three phaSeS to be 
that fepresented by the vector diagram in Fig. 5, 



2,408,212 
5 

the flux induced in the core by the phase wind 
ings A Will be in One direction and the fluX in 
duced in the phase winding C will be in the OppO 
Site direction, and phase B Will induce Zero fluX 
in the core. Since the fluX induced in loops 
and l by the phase windings A and C are in 
Opposite directions, they Will cancel Out, leaving 
Zero fluX in these tW0 outer loops of the core 
Structure, tile remaining fluX passing through the 
four inner loops 4, 6, 8 and 19. There will be no 
instantaneous fluX in loops 5 and 9 since in phase 
B the fluX is ZerO. 
Again aSSuming that the vector relation be 

t Ween the fluX in the three-phase Windings A, B 
and C is as shown in Fig. 6 with respect to Which 
the arroWS are shown in Figure 2 On the Several 
portions of the core passing through the phase 
Winding Structures, with fluX in phase windings 
A, B and C paSSing in the Same direction, shown 
to the left in Figure 2, and flux in phase B being 
in the direction Shown by the dotted Vector B', 
resulting from reversing the polarity of this 
phase. It will also be noticed that the three 
Vectors A, B and Care of equal length and equally 
displaced, and With the vector B reversed the 
direction of the flux in the three phases will be 
in the Same direction in the Winding leg portions 
of the two Outer loops and for the instan 
baneOuS Vector relation Shown in the Fig. 6. Flux 
in the three loops 4, 5 and 6 Will circulate in a 
clockwise direction in the Several loops, and Will 
Circulate in the three loops 8, 9 and ) in a coun 
berclockwise direction for the instantaneous vecto 
relation aSSumed. - *“ º 

FigS. 3 and 4 Show a core structure that is, in 
general, Similar to that shown in Figs. 1 and 2 
eXCept that instead of the core loops being Wound 
from a Strip of Steel having a width correspond 
ing to the desired width of the finished core, it is 
built up of Several layers 4, 42, 43 and 44 as best 
Shown in Fig. 3 and the loops are so arranged 
that in one layer, such as the first layer 4, three 
Of the Smaller loops 45, 46 and 4 each pass 
through the window of the associated phase wind 
ing structures I, 2 and 3, a single loop passing 
through only one winding structure window, and 
in the Same layer & the lower portion or remain 
ing half of the core in that layer is formed of a 
Winding loop 8 that extends through the win 
dows in all three phase winding structures I, 2 
and 3 and returns along the Outside of all three 
Of these Winding Structures. In the next adja 
cent layer 42, the arrangement of the relatively 
Smaller loops and the larger loop is reversed, the 
longer loop 5 being shown above the three 
Smaller loops 52, 53 and 54. The dimensions of 
the Several loops are Such that the inner and 
Outer edges of the loops are in alignment as they 
paSS Within the window of the several winding 
Structures 1, 2 and 3, and also in the area passing 
the outer edge of the Winding, So that the edges 
of the l00PS in the adjacent layers are adjacent 
each Other in these areas. The core may be made 
up of any even number of such layers of larger 
and Smaller loops. In Fig. 3, four such layers 
are shown, the layer 43 being a. duplicate of the 
layer (, and the layer 44 being a. duplicate of 
layer 42. The arrangement of the larger and 
Smaller loops ShoWn in Figs. 3 and 4 is Somewhat 
more efficient in the use of core material than 
that shown in Figs. 1 and 2, since, because the 
Smaller and larger loops have their adjacent 
edges side by side in adjacent layers, flux may 
readily paSS from a Smaller to a larger loop and 
Vice Versa through the adjoining edges between 
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6 
the several layers. That is to say, a part of the 
fiuX induced in the Winding leg pOrtion of One 
of the longer loops in one Winding structure 
Which is opposite in direction Or different in mag 
nitude to the fluX induced Within another Wind 
ing Structure in another portion of the Same core 
loop, Will paSS into the adjacent Smaller loop. 
Also a pOrtion of the fluX induced in the Smaller 
loops Will likewise pass into the adjacent longer 
loops, so that the portions of the longer loops 
passing along the outer edges of the winding 
Structures will carry a portion of the flux induced 
in the Smaller loop. 
The arroWS Shown in Fig. 4 indicate the direc 

tion in Which the fluX tends to paSS for the con 
dition represented by the Vector diagram in Fig. 6, 
and the arroWS in Fig. 3 correspond to those 
Shown in Fig. 4 and include also arrows between 
the Windings 2 and 3 Showing the manner in 
Which the flux passes from the loops in one layer 
to the loops im another layer, so that the longer 
loops paSSing through the windows in all three 
Windings will distribute the fluX between the 
Smaller loops. 

- Since modifications in the structures shown 
may be made within the scope of my invention, 
I do not wish to be limited otherwise than by the 
SCOpe of the appended caims. 

I claim as my invention: 
1. In a three-phase induction apparatus having 

a winding structure comprising three sets of 
Windings, each set adapted to be connected to 
One of the three phases of an electric circuit, said 
three Sets of windings being arranged in a row 
With their axis in alignment, a core structure 
comprising a plurality of core loops each formed 
Of magnetic Sheet material wound flatwise, the 
SPaces between the successive layers of magnetic 
Sheet material being filled with a. SubStantially 
non-flowable, non-volatile, molded, solid mate 
rial for Solidly supporting the several layers of 
material against relative movement, each lOOp 
being cut to form closely fitting butt joints On 
OPPOSite sides thereof and to provide Separable 
COre Sections, the core structure COmprising a. 
Plurality of core loop members, certain of Said 
Core loop members extending through a window 
of One Set of windings only, and other COre lOOp 
members adjacent thereto extending through the 
Windows of all sets of windings. 

2. In a three-phase induction aPParafUS haV 
mg a Winding structure comprising three sets of 
Windings, each set adapted to be COnnected to 
Qne of the three phases of an electric circuit, said 
three Sets of Windings being arranged in a row 
With their axis in alignment, a core structure 
COmprising a plurality of core loops each formed 
of magnetic sheet material wound flatwise, the 
SPaces between the successive layers of Magnetic 
Sheet material being filled with a Substantially 
non-flowable, nOn-Volabile, molded, solid mate 
1ial for Solidly Supporting the several layers Of 
material against relative mOVement, each loop 
being cut to form closely ?itting butt joints on 
Opposite Sides thereof and to provide Separabe 
COre Sections, the core structure COMPrising a. 
Plurality of core loop members, certain of Said 
GOre loOP members extending through a Window 
of One Set ofwindings only, and other core loop 
members adjacent thereto extending through 
the Windows of all Sets of windings, the core loops 
in adjacent layers being so dimensioned that the 
inner and Outer edges of the loops are in align 
ment On Opposite sides of the loops for portions 
of their respective core turns. 
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3. in a three-phase induction apparatus hav 
ing a winding structure comprising three Sets of 
Windings, each Set adapted to be Connected t0 
one of the three phases of an electric circuit, 
Said three Sets of Windings being arranged in a. 
row with their axis in alignment, a Core Struc 
ture comprising a plurality of COre loops eacht 
formed of magnetic sheet material wound flat 
wise, the spaces between the Successive layers Of 
magnetic sheet material being filled with a Sub 
stantially non-flowable, non-volatile, molded, 
Solid material for Solidly SuppOrting the SeVe?al 
layers of material against relative movement, 
each loop being cut to form closely ?itting butt 
joints on Opposite sides thereof and to provide 
Separable core Sections, the core structUre com 
prising a plurality of core loops, certain of Said 
core loops of relatively lesser size being in align 
ment and each extending through a window in 
one set of windings only, and certain other of 
Said core loops of relatively greater Size extend 
ing about a, group of the above-named core l00PS 
of relatively lesser Size and through all the Win 
dows in Said several setS of windings. 

4. In a three-phase induction apparatus haV 
ing a winding structure comprising three Sets of 
windings, each set, adapted to be connected to 
one of the three phases of an electric circuit, said 
three Sets Of Windings being arranged in a TOW 
with their axis in alignment, a core Structure 
comprising a plurality of core loops each formEd 
of magnetic Sheet material Wound flatWise, the 
core structure comprising a plurality of core l00p 
members, certain of Said Cole l00p members eX 
tending through a window of one Set of Windings 
only, and other core loop members adjacent 
thereto extending through the Windows of all 
Sets of WindingS. 
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5. In a three-phase induction apparatus haV 

ing a winding structure comprising three sets of 
Windings, each set adapted to be connected to 
One of the three phaSes of an electric circuit, Said 
three Sets of windings being arranged in a row 
with their axis in alignment, a core structure 
COmprising a plurality of core loops each formed 
of magnetic sheet material Wound flatWise, the 
Core structure comprising a plurality of core loop 
memberS, certain of Said core loop members ex 
tending through a window of one set of windings 
Only, and other Core loop members adjacent 
thereto extending through the windows of all sets 
Of windings, the adjacent core loops being so di 
mensioned that the inner and outer edges of the 
100pS are in alignment On Opposite sides of the 
loops for portions of their respective core turns. 

6. In a three-phase induction apparatus hav 
ing a Winding structure comprising three Sets of 
windings, each Set adapted to be connected to 
One of the three phases of an electric circuit, said 
three setS Of Windings being arranged in a row 
with their axis in alignment, a core structure 
COmprising a plurality of core loops each formed 
Of magnetic Sheet material wound flatwise, the 
Core structure comprising a plurality of core 
loops, certain of said core loops of relatively ies 
Ser Size being in alignment and each extending 
through a WindOW in One set of Windings only 
and certain obher of Said core loops of relatively 
greater Size extending about a group of the 
abOVe-named core loops of relatively lesser siz9 
and through all the WindoWS in Said Several Sets 
of Windings. 

JOHN K. HODNETTE. 


