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This invention relates to windings for trans-
formers, reactors, and the like, in which there
are a suitable number of transpositions of con-
ductor elements, one of its objects being to pro-
vide an economxca.l method and means of pre-
venting short circuits between conductor ele-
ments at cross-over points which might other-
wise result from damage to the insulation on
‘the elements due to relative motion of said ele-
ments either during the formation or handling
of the winding or parts thereof, or during oper-
ation of the apparatus.

In aliernating current inductive apparatus,
such as choke coils, transformers, and the like,
it is often necessary to employ a conductor hav-
ing a large cross-sectional ares in order to carry
the desired current without undue heating. If
a single conductor of large cross section were
used, heavy eddy currents would be set up in
the conductor with resultant losses. For this,
as well as mechanical reasons, it has been cus-
tomary to employ a composite conductor com-
posed. of a number of insulated smaller conduc-
tors or strands connected in paraliel.

if such strands were of flat “ribbon” and
wound conecentrically, the strands would be of
differing length with the result that the tofal
current would not be dividided evenly among
them, and this unequal division would be aug-
mented by the fact that the self-inductance
caused by leakage flux is different in the various
strands.  To avoid this condition it is common
practice to make ‘“transpositions” to even the
length of the strands of the conductors.

By transposing adjacent strands, : pressure
points between them may be created at one or
both sides of the point of crossing, and also rel-
ative motion between strands adjacent cross-
over points may be produced not only in the
process of forming the winding, but on account
of unequal heating of the individual strands and
varying magnetic forces effective thereon in the
operation of a transformer or other device em-
bodying the winding. It is accordingly neces-
sary that insulating material, in addition to the
insulation covering of the strands, be provided
whereby abrasion of the latter due to such rel-
ative motion, may not establish short circuits
between adjacent strands at transposition points.
My invention is directed to improved means for
-this purpose.

In the drawings Figure 1 is a diagrammatic
illustration of a transposition in a 4-strand con-
ductor;

Figure 2 is a side elevatmnal view of a 4-
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strand conductor showing insulation inserts po-
sitioned at transposition points in accordance
with my invention;

Figure 3 is an elevational view of one of said
inserts;

Figure 4 illustrates a section of a transformer
or reactor coil;

Figure 5 is a side elevational view of a trans-
position in a 2-strand conductor and showing
application of my improved insulating means;
and .

Pigure 6 is a sectional view taken substantially
along the line 6—86 of Figure 2.

The drawings indicate windings of the disc
or “pancake” type and parts therecf, Figure ¢
illustrating & part of o common form of trans-
former winding made up of spaced apart coils
of this type.

& suiteble form of insulation insert is ilus-
trated in Fleure 3 and consists of g sheet 15 of
paper or cloth, preferably varnish impregnated,
and provideg with laterslly opening slots (8 and
10° dividing the insert into segiments (8 and 18’
connected by the {ongue element 28. Figure B
illustrates the application of such an insert ab
the transposition point of strands 23 and 24 of
a 2-strand conducter, the transposition being
mede at the offset bends 2§ in the conductor
elements formed after winding one coll and
preparatory to winding the adiacent coll. After
forming these bends the elements are trans-
posed, during which operation the insulation in-
sert is placed in position, each slot receiving one
of the conductor elements, segment {6 of the in-
sert extending petween the conductor elements
at one side of the transposition point, and sez-
ment 16’ extending between said elements at
the other side of said point. It will be noted
that the connecting tongue 20 of the insert is
of such dimension relative to the spacing be-
tween the inner edges of the conductor element
at the point of transposition that affer the in-
sert is placed in position and the transposition
completed, substantial displacement of the in-
sert, either laterally or longitudinally from the
desired position, is prevented.

Pigure 4 illustrates a portion of a transformer
winding consisting of coils formed from 2-strand.
conductors. Coils | and 2 are wound on a ma-~
chine capable of winding two disc coils from a
single length of conductor. The numerals 7 and
8 indicate the portions of the conductor consti-
tuting the connection between these coils, which
connectors are transposed and provided with an
insulation insert, showing of this insert at this
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particular point being omitted from Figure 4 for
the purpose of clarity. The adjoining pair of
coils 3, 4 are formed in the same manner and
pair I, 2 of the connecting elements being trans-
posed and provided with insulation insert 15 as
showr.. These connecting extensions are se-

cured, by soldering or otherwise, to the conduc- .

tor of the previous pair at the point indicated
by dotted line 9. The numeral 10 indicates an
extension of the initial turn of coil | for cohnec-

10

tion to the apparatus terminal and the transpo- - -

sition 1, 8, which may be referred to as the “ifi-
side” transposition, is adjacent the transformer
core insulating tube 32. The transposed con-
nection between coil pair 1, 2 and coil pair 3, 4 is
on the outside of the winding. In the manner
described a winding can be constructed embody-
ing any number of coils.

4

of a transposition point to prevent contact be-
tween sald strands in areas immediately adja-
cent sald point at each side thereof.

3. In a winding for an electrical apparatus in
which at least two conductor elements of the
winding le side by side and are transposed at one
or more points, a sheet of insulating material
having parts.positioned between sald conductor
elements at each side of & transposition point to
prevent contact between said elements in areas
immediately adjacent said point at each side

_thereof, said insulating sheet having two spaced

apart openings each recelving one of said con-

-'ductor elements.
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Pigures 2 and 6 illustrate the assembly with the - -

strands of a 4-strand conductor of the three in-
sulation inserts of the kind illustrated in Figure
3, which are required at the transposition point
In such a conductor. In this figure the segments
of the left-hand insert, which receives and insu-
lates strands 13 and id, are designated by the
numerals 18 and 16’; the segments of the insert
to the right (for strands {2 and 13) by the nu-
merals {7 and i1’; and the segments of the re-
maining insert (for strands i{ and 12) by the
numerals I8 and 18’. As indicated, segment 17
overlies segment 168’ and segment 18 overlies seg-
ment (7’.. This results in double thickness of
insulation at two areas but if it should be pre-
ferred that this be avoided in forming g trans-
position in a multi-strand conductor, a sheet of
insulation may be employed which corresponds
to that shown in Figure 3 except that it is longer
and is provided with the requisite number of
pairs of slots properly positioned to receive each
two adjacent strands at the points where they
cross each other,

If the dotted lines in I‘ngre 2, which indicate

-.the ends of insulation segments 16’ and 17°, were
omitted this figure ‘would illustrate the extended
insert above mentioned. ) . .

This invention is not limited to transposition
in windings consisting of disc coils but it is adapt-
able to any winding arrangement requiring trans-
position and located in plane or cylindrical sur-
face. For example, the cross connectors between
points of equal potential in a large.D, C, arma-
ture winding may be insulated as indicated in
Figure 2.

Having fully described my invention, that
which I claim as novel and desire to protect by’

Letters Patent -of the United States is:

1. An inductive winding comprising a plurality
of spaced apart disc coils connected together and
formed of a multi-strand conductor, the strands
of the conductor being transposed in the connec-
tions between the coils and having inserts of in-
sulating material in sheet form disposed between
adjacent strands at each side of their cross-over
points, said inserts being provided with portions
engaging the strands to maintain the material in
position,

2. In an electrical conductor comprising two
} indlvldually Insulated strands which are trans-
posed at one or more points and which lie side by
side throughout their length between transposi-
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4, In a winding for an electrical apparatus in
which at least two conductor elements of the..
winding lie side by side and are transposed at one
or more points, a sheet of insulating material
having -parts positioned between said conductor
elements at each side of a transposition point to

- Prevent contact between sald elements in areas
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immediately adjacent said point at each side
thereof, said insulating material being provided
with a portion engageable with a conductor ele-
ment to prevent movement of the insert in one
direction and engageable with the other conduc-
tor element to prevent movement in the opposite
direction.

5. In a winding for an electrical apparatus in
which at least two.conducior elements lie side

" by side and are transposed at one or more points,
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a sheet of insulating material having parts posi-
tioned between said conductor elements at each
side of a transposition point to prevent contact
between sald elements in areas immediately ad-

' Jacent said point at-each side thereof, said sheet
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tion points, & sheet of insulating material having -

parts positioned between the strands at each side

being provided with cppositely disposed slots
positioned at the point of crossing of the con-
ductor eleménts and through each of which one
of said elements extends, each conductor element

*having a portion engageable by the portion of

the sheet between the inner ends of said slots
to prevent longitudinal movement of the insulat-
‘ing sheet in one direction,

6. In an electrical conductor comprising two
r1bbon-shaped strands which are transposed at
one or mgare points and faces of which lie side by
side throughout their length between transposi-
‘tion points, each of said strands being bent at a
transposition point, a sheet of insulating .mate-

"rial having parts positioned between said strands

at each side of & transposition point to prevent
contact betweén said strands in the areas imme-
diately adjacent sald point at each side thereof,
said insulating sheet being provided with siots
each receiving one of said strands and positioned
ata pomt ad} acent a bend therein.
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