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To all whom it may concern:
Be it known that we, JOHN J. FRANE, &

citizen of the United States, and WiLLiam
O. Dwrer, a subject of the King of Great
Britain, residents of Pittsfield, in the county
of Berkshire, State of Massachusetts, have

. invented certain new and useful Improve-
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ments in Electrical Windings, of which the

following is a specification. )
Our invention relates to electrical wind-
ings comprising interwound multiple con-
ductors or conductors connected in parallel;
it relates particularly to disk coil windings,
the coils being circular or of any other
shape, wherein each coil is made up of
multiple conductors. - An object of our 1n-
vention is to provide an improved construc-

“tion of the multiple conductor type wherein

the conductors are transposed relatively to
ench other with the sacrifice of minimum
winding space and with minimum distortion
of the winding. Multiple conductors are
quite commonly transposed in order that
they may divide the total current something
like equally among themselves.

Heretofore multiple conductors have been
transposed in various ways one or more
times throughout a winding, thereby revers-
ing the positions of the conductors rela-
tively to themselves, probably most com-
monly by simultaneously twisting all of the
conductors as a unit through 180° at the
points of transposition. By our invention
we accomplish cubstantially the same result.
However, when the conductors are twisted
according to this common prior practice
there appears one or more undesirable fea-
tures, such as: a considerable waste of wind-
ing space, a misshapen structure resulting
in_decreased mechanical strength and un-
balanced resistance of the conductors to the
electrical stresses of attraction and repg_l—
sion, etc. By our invention these undesir-
able features are eliminated. )
According to our invention, the multiple
conductors enter each layer, coil or winding
at substantially the same point, and where it
is desirable to transpose the conductors the
respective conductors are crossed over from

88 one turn into the adjacent turn individually,

the cross-over of each conductor preferably

beginning substantially adjacent the end of
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the cross-over of the immediately preceding
cross-over and ending substantially immedi-
ately adjacent the beginning of the next
succeeding cross-over so far as there are pre-
ceding and succeeding cross-overs; the con-
ductors changing positions at the cross-overs.
With such an arrangement of cross-overs
the conductors are readily, almost naturally,
transposed or reversed relatively to each
other. The turns between which the trans-
positions are made, may or may not be in
different coils or layers of the winding:

“Additional insulation may be added ad-

jacent the cross-overs if desired to firestall
or negative the destruction of insulation

likely to occur during the construction of -

the cross-overs. _

In accompanying drawings and the fol-
lowing detailed description we have illus-
trated and described some preferred em-
bodiments of our invention. Figure 1 is a
perspective view of two disk coils embody-
ing our invention. Fig. 2 is a perspective
view of the portions of two disk coils
immediately embodying our invention in a
slightly modified form. Fig. 3 is a diagram-
matic view of two disk coils of unequal num-
bers of turns of the respective conductors
to which our invention has been applied.
Fig. 4 is a perspective view of a portion of
a single cylindrical coil in which four
multiple conductors are transposed in ac-
cordance with our invention.

In Fig. 1 is illustrated two disk coils 6
and 7 about substantially the same winding
axis and in substantially parallel planes.
Fach coil comprises-four conductors 11, 12,
13 and 14. The conductors enter the coil 6
at substantially the same point 16 in the
outer circumference of the coil 6, progress-
ing together in a fixed relation to each other
from the point 16 to substantially adjacent
the point 17 in the last turn at the inner cir-
cumference of the coil, the conductors being
disposed radially one outside the next. The
conductors 11, 12, 13 and 14 are multiple
conductors, that is, are adapted to be con-
nected in parallel and divide the total cur-
rent among themselves, The adjacent turns
of the multiple conductors about the wind-
ing axis are separated from each otlher by

the layer insulation 19
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Adjacent point 17 on the inner circumfer-
ance of the coil 6 the conductors begin their
cross-overs into the inner turn of the coil 7.
The innermost or exposed conductor 14 firsé
and alone crosses into the adjacent or inner
turn of the other ccil 7. The mannér in
which this cross-over is made is quite ap-
parent from the drawing; the conductor 14F
in leaving the coil 6, is first bent toward the
plane of the coil 7, and as 1t reaches the
plane of this coil is bent into the plane of
Ghis coil 7, and then continued in its prog-
ress about the winding ' axis, preferably
gradually receding from the winding axis
to give place for the conductor 13 within
it or between it and the winding axis. After
the beginning of the cross-over of the con-
ductor 14, the conductor 18, still in the coil 8
and now the expesed conductor, preferably
continues to approach the ‘winding axis.
The cross-over of the conductor 13 is angu-
larly displaced from the point of the cross-
over of the conductor 14 and begins sub-
stantially immediately adjacent the comple-
tion of the cross-over of the conductor 14 as
appears from Fig. 1. The conductor 13,
like conductor 14, is fivst directed from the
plane of the coil 8 toward the plane of the
coil 7, and finally bent again into the plane
of the coil 7. The conductor 13, however,
in the coil 7 covers the conducter 14 which
first crossed into the coil 7, or is located
radially within the conductor 14. In the
coil 7 the conductor 13, like the conductor
14, preferably recedes from the winding
axis to give place for the conductor 12. The
conductor 12 crosses into the coil 7 in the
same manxner, like the preceding conductors
beginning its cross-over substantially im-
mediately adjacent the cross-over of the con-
ductor 13. Likewise, substantially immedi-
ately adjacent the cross-over of the condue-
tor 12, the conductor 11 is crossed over in a
like manner. It will appear that the com-
plete cross-over from the coil 6 to the coil 7 ;
and the transposition of the conductors rela.
tive to themselves or the reversal of the po-
sition of the conductors, have been accom-
plished with litile distortion of the entire
winding and with an exceedingly small, or
no, waste of winding space. Tn the coil 7
layer insulation 19 is employed in the same
manner as in-coil 6. The conductors may
leave the coil 7 at a single point in the same
manner as they enter the coil 6. Obviously
a complete electrical winding may comprise
as many disk coils like those showr. in Fig.
1 as may be necessary, and as many cross-
overs of the sort we have illustrated and de-
scribed may be employed as may be desired
or necessary; also other types of cross-overs
may be employed between other coils of 1
winding comprising the coils 6 and 7. It
will be understood that we have illustrated
only two disk coils biecause only this number
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of disk coils are necessary to completely de-
scribe the cross-overs and transposition of
our invention.

In making the cross-overs of the indi-
vidual turns it may be found that the insula-
tion of the conductors adjacent the cross-
overs of other conductors is abraded or
worn by the workman in bending the con-
ductors into the forms desired. This mnay
be taken care of by increasing the insulation
locally on the conductors adjacent cross-
overs of other conductors. In Fig. 2 we
have illustrated a preferred form of this.
For example, adjacent the cross-over of con.
ductor 14, the conductor 13 is provided with
a channel piece 21 of any suitable insulat-

‘ing material which is slipped over the con-

ductor 13 to take the wear adjacent the
cross-over of conductor. 14.

Fig.
the case where a p:
conductors makes

I

t the multiple
in any one

The figure is drawn o
that of the preceding
trate the scheme si
ductors individually somewhat more clearly,
The two coils 25 and 26 are like the coils
6 and 7 of Fig. 1, except that the coils 25
and 26 comprise but two conductors, 27 and
28, instead of four, and except thab the re-
spective conductors make different numbers
of turns in any one coil. Layer insulation
19 is provided between adjacent turns as
before. The conductors 27 and 28 of coils
25 and 26 are differently marked in the
drawing, in order that their relations may
appear more clearly. The conductor 27
makes three turns in the coil 25 and two
turns in the coil 26, and the conductor 28
makes two turns in the coil 25 and three
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turns in the coil 26. Coils 25 and 26 have

been cut apart adjacent the cross-covers and
slipped apart perpendicularly to their wind-
ing axis; in other words, the coils have been
separated from each other but continued in
their original planes. The dotted lines in-
dicate the original connections between the
two coils. A% the inner circamference of
the coils, the exposed or inner conductor
(although in this case it is also the exposed
conductor on the outer circumference of the
same coil) leaves that coil first and becomes
the second -conductor from the inner cir-
cumference of the adjacent coil. Likewise
the second conductor from the inner cir-
cumference of the first coil leaves thai coil
after the exposed conductor and becomes the
mpler or exposed conductor of the adjacent
coil. :

In Fig. 4 our invention is shown applied
to a single cylindrical coil. This coil 18
wound on the form or carrier 41 and com-
prises four conductors adapted to be con-
nected in multiple. Each turn of the coil

8 illustrates cur invention a Hed to
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- comprises two

10

airs of conductors disposed
side by side. One of these pairs comprises
the conductors 42 and 43 disposed radially
one above the other, the other pair compris-
ing the conductors 44 and 45 likewise dis-
posed one above the other. The conductors
49 and 44 have been shaded somewhat more
}{eavily than the conductors 43 and 45 in
of the transposition may be more readily ap-

arent. From the beginning of the wind-

' Ing at the upper end of the coil the four
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conductors continue in their original rela-
tions to each other to substantially the mid-
dle of the length of the coil.
point 46 the conductor 45 is abruptly bent
axially into the position‘of, the next suc-
ceeding turn as illustrated, its companion
conductor 44 and the conductors 42 and 43
continuing for a short distance farther in
their respective original positions in the
length of the coil. During its cross-over the
conductor 45 is displaced radially from out
side the conductor 44 to the surface of the
form or carrier 41. Substantially immedi-
ately after the completion of the cross-over
of the conductor 45, the conductor 44 is
crossed OVer,
the conductor 45. The conductors 44 and
45, as a result, have been transposed with
respect to each other and have been abruptly

. advanced the width of one conductor in the

direction of the axis of the coil; this ap-
pears clearly from
after the cross-over of the conductor 44, the
conductor 43 of the other pair is abruptly
advanced the distance of the width of one
conductor along the axis of the coil and
brought down from outside the conductor 42
to the surface of the form 41. Likewise
substantially immediately - thereafter the
conductor 42 is advanced the distance of the
width of one conductor and in this distance
is brought outside the companion conduc-
tor 43. 'The conductors. 42 and 48 have
therefore likewise been transposed relatively
to each other. In accomplishing this cross-

over and transposition of conductors a

space has been left in the winding, which
in the direction of the axis of the coil
is of a width substantially equal to the
width of one conductor. This space is
preferably filled by a ring 48 of any suit-
able material, for example, pressboard, if
desirable similar fillers may be inserted in
any other small spaces there may be left,
as between the cross-overs of the two pairs
of conductors. The dashed lines in the cen-
ter of the figure illustrate something of the
course of the filler 48 at the side of the coil
opposite that illustrated in Fig. 4. It will
be observed that the winding is of no greater
thickness in the space occupied by the cross-
overs than elsewhere in the coil.

" While we have described the p_rmciplé of
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order that the transposition and the effect:

-multiple conductors

Adjacent the

likewise ‘abruptly, to outside

the drawing. Closely

our invention and the best mode we have
contemplated for embodying this principle,
other modifications will occur to thcse
ckilled in this art, and  we aim in the ap-
pended claims to cover all modifications
which do not involve a departure from the
spirit and scope of our invention.

What we claim as new and desire to se-’

cure by Letters Patent of the United
States, is:— :

1. Two connected . disk coils about the
same axis, each comprising a plurality of
disposed radially one
outside the next, the conductors entering

one coil at substantially the same point on
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one circumference thereof and rogressing

together from that point to the last turn at
the opposite circumference of that coil, the
exposed conductor of said last turn cross-
ing individually into the adjacent turn of
the other coil, the adjacent conductor cross-

.ingi individually into said other coil substan-
tially immediately adjacent the completion -

of the crossover of the said exposed turn
and, in said other coil, covering the first

- conductor to cross-over, the conductors con-
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tinuing in such changed relative positions .

through sdid other coil. ,

9. Two connected coils, each comprising &
plurality of multiple conductors,. the. con-
ductors entering one coil at:substantially the
same point thereof and progressing together
from that point to the last turn of that
coil, one of the conductors of said last turn
crossing individually into the other coil, an
adjacent conductor crossing individually
info said other coil substantially immedi-
ately adjacent the completion of the first
mentioned cross-over, said two conductors
changing their relative positions between
said cross-overs and continuing in such
changed relative positions through said
other coil. -
8. An electrical winding comprising a
plurality of multiple conductors, the con-
ductors entering said winding at substan-
tially the same point thereof and progress-
ing together from that point to a point of
transposition, one of said conductors cross-
ing individually adjacent thereto into an ad-
jacent turn, an adjacent conductor crossing
individually into said other turn substan-
tially immediately adjacent the cross-over of
said first mentioned conductor, said condue-
tors changing their relative positions be-
tween such cross-overs and continuing in
such changed relative positions from said
point of transposition. ’

4. An electrical winding comprising a
plurality of multiple conductors, the con-
ductors entering said winding at substan-
tially the same point thereof and progress-
ing together from that point to a point of
transposition, one of said conductors cross-
ing individually adjacent thereto into an ad-
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jacent turn, an adjacent conductor crossing
individually into said other turn substan-
tially immediately adjacent the cross-over of
said first mentioned conductor, said conduc-
tors changing their relative positions be-
tween such cross-overs and continuing in
such changed relative positions from said

point of transposition, portiong of the con-
ductors at the sides of the cross-overs being
extra heavily insulated, 10
In witness whereof, we have hereunto set
our hands this 23rd day of Maxrch, 1917,
JOHN J. FRANK.
" WILLIAM O. DWYER.



