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This application is a continuation-in-part of
my copending application Serial No. 157,758, filed
August 6, 1937, and assigned to the same assignee
as the present application,

My invention relates to electromagnetic induc-
tion apparatus and arrangements for assembling
such apparatus. It concerns particularly sta-
tionary induction apparatus having two or more
winding units and more than one winding leg.

It is an object of my invention to provide im-
provements in saturable core reactors and three-
unit transformers.

It is also an object of my invention to provide
methods and apparatus for assembling stationary
induction apparatus having wound strip cores
with conductive winding structures of the multi-
unit type. )

Another object is the avoidance of distortion o
coils of magnetic strip from true circular shape
at any time during assembly with form-wound
conductive windings.

Other and further objects and advantages will
become apparent as the description proceeds.

My invention may be carried out with conduc-
tive-winding structures of the multi-unit type
which are separable into two or more units and
wound strip cores of the type disclosed in United
States Patent 2,160,588 to Granfleld. In produc-
ing stationary induction apparatus in accordance
with my invention in its preferred form, I form
a strain-free coil of strip in which the turns have
the size and shape which they are to have in a
finished magnetic core, I separate the winding
units of the conductive winding structure which
are to be linked by a common core, and I pass the
outer end of the coil of strip through the winding

" units to form a loop of strip large enough to sur-
round the original coll of strip and the sides of
the winding units through which the end of the
strip has been passed. The coil of strip and the
larger loop are then rotated to transfer the strip
material from the coil to the larger loop, where-
upon the larger loop is collapsed upon the wind-
ing legs and the winding units are simultaneously
moved toward each other as the diameter of the
larger loop is diminished until the sides of the
winding unit surrounded by the loop have been
brought together to form a single winding leg
and the loop of strip has been reduced to a com-
pact coll closely embracing the winding leg to
form induction apparatus in which a common
core links the winding units.

The invention may be understood more readily
from the following detailed description when con-
sidered in connection with the accompanying
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drawings and those features of the invention
which are believed to be novel and patentable will
be pointed out in the claims appended hereto. In
the drawings, Fig. 1 is a perspective view of a coil
of magnetic strip before assembly with a conduc-
tive winding structure and also showing its form
as a finished core. Fig. 2 is a plan view of a ma-
chine forming one embodiment of my invention
for assembling wound strip cores with multi-unit
winding structures. Fig. 3 is an elevation of the
apparatus of Fig. 2 shown partially in section.
Fig. 4 1s a detail end view partially in section of a
portion of the apparatus of Figs. 2 and 3. Fig.5
is a schematic diagram {illustrating one of the
steps In the operation of assembling a stationary
induction apparatus. Fig. 6 is a schematic dia-
gram ilustrating another step in the operation.
Fig. 7 is a diagram illustrating the final step in
the operation of forming a finished core around
the conductive winding leg. Fig. 8 is a fragmen-
tary view partially in section illustrating the
manner of securing the strip to the winding leg.
Fig. 9 is an {llustration of a completed three-unit
electromagnetic induction device, such as a
saturable core reactor or a special alternating-
current transformer, and Fig. 10 is an illustra-
tion of a saturable core reactor.

In Figs. 7, 9, and 10 there are shown stationary
induction devices in which there are one or more
annular wound strip cores, such as a core I
closely surrounding a conductive winding leg 12
of a conductive winding structure including at
least two winding units, such as the units 13 and
{4, each having a winding side such as the sides
{5 and 16 in immediate proximity to form the
winding leg- 12. Patent 2,160,588 to Granfleld,
to which reference has already been made, dis-
closes a method of applying wound strip magnetic
cores to conductive winding structures which in-
volves unwinding a heat-treated, strain-free coil
of strip into a larger loop passing through the
conductive winding. It will be seen that in multl-
unit conductive winding structures, such as
shown in Figs. 7 and 9, it may be difficult to form
a larger loop of the requisite size linking the
winding units and still retain the loop in circular
form. In order to minimize the possibility of
straining the magnetic strip beyond the elastic
limit, I prefer to assemble the stationary induc-
tion apparatus in such a manner that the larger -
loop need not be distorted from its eircular form.
Accordingly, I so construct the winding struc-
tures that the various non-concentric winding
units of which they are composed, €. g., the units
13 and 14, may be separated during the assem-~




bling operation, as shown, for example, in Fig. 5.
As illustrated in Fig. 2, the winding units 13 and
14 are held a sufficient distance apart to permit
passing a loop of strip through them which will
surround not only the sides I8 and 18 of the
winding units, but also the original coil of strip
i1 without causing the larger loop {1 to depart
from true circular form. .

The coil of strip ({ which has been heat
treated, as described in the Granfield patent, to
remove deleterious strains and to givé the turns
of strip a permanent set with the turns in the
size and shape which they are to have in the fin-
ished core, is held in a suitable position at one
side of the winding units 13 and 4. The outer
end IB of the coll of strip is passed through the
winding units {3 and 14 back to the coil 11, and
fastened to the outside thereof. The coil i1 is
then rotated, causing the larger loop 17 likewise
to rotate, transferring strip from the outside of
the coil {1 to the inside of the loop #1. This ro-
tation is continued until all of the strip materia]l
has been transferred to the larger loop |1, where-
upon the fastenings of the loop 171 are released
and the loop {1 is caused to collapse while the
winding units 13 and {4 are being brought to-
gether at the same rate as the reduction in di-
ameter of the loop I1. An intermediate stage of
this step is shown in Fig. 6, and the fina] stage
is shown in Fig. 7. If the stationary induction
apparatus includes more than one wound strip
core, the process Is then repeated with the addi.
tional winding units. For example, three-unit,
two-legged, two-core induction apparatus may be
formed, as shown in Figs. 9 and 10.

To facilitate the collapsing process and avoid
damage of the insuiation of the conductive wind-
ing structures during the collapsing process, Ipre-
fer to secure the inner end {9 of the loop of strip
to one of the winding sides. For example, as
shown In Fig. 8, a band of suitable material such
as insulating tape 20 may be wrapped around the
winding side 15 and the inner end 19 of strip may
be secured to the band 20 in any suitable manner,
as by means of clips or adhesive. If desired, a
free end of the tape 21 forming a band 20 may
be brought out to facilitate a firm connection
with the end !9 of magnetic strip.

In assembling the induction apparatus it is
most convenient to have the coils of strip in a
horizontal plane with the winding legs vertical
or to have the winding units in g horizontal plane
with the axis of the coil of strip horizontal, but
my invention is not limited specifically to hold-
ing the winding units in one plane or the other.
In the description of the machine illustrated in
Figs. 2 and 3, it is assumed that the conductive
winding units are held with their winding legs
vertical during assembly with the core strip.
The machine illustrated comprises a suitable
frame supporting a flat, horizontal table-top 22,
‘a pair of core-strip driving rollers 23 and 24, a
driving motor, not shown, movable winding hold-
ers 2§ and 26 for holding the conductive winding
units while the core strip is being applied, col-
lapsing rollers 21, 28, 29, and 30. a suitable track-
way for movably supporting the winding hold-
ers 25 and 26, and suitable shafting and gearing
for communicating rotative force from the motor
to the rollers 23, 24 and 27 to 30, inclusive.

The table-top 22 has a lengthwise central
opening 31 of sufficient width to admit the wind-
ing units. Under the opening 31 the track-way
is provided for the winding holders 25 and 26.
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The track-way is of suitable form to permit the 5
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winding holders to travel longitudinally from
either end of the table to the center along the
opening 3{. The nature of the track-way will,
of course, depend on the nature of the winding
holders 25 and 26. If the latter are provided with
flanged wheels the track-way may consist merely
of a pair of rails. However, in the machine {]-
lustrated, the winding holders 25 and 26 are
formed with straight bottoms, and I provide a
track-way consisting of a plurality of rotatably
mounted rollers 32 placed with their axes paral-
lel and in the same horizontal plane under the
opening 3. The rollers 32 may be provided with
flanges 33 to maintain the winding holders 25
and 2§ centrally positioned with respect to the
opening 31,

Each of the winding holders 25 and 26 includes
a bed plate 34 in the form of a piece of channel]
iron with the web portion upwards and the
flanged portions 35 downward to bear upon the
rollers 33. Secured to the bed plates 34 are
clamps 36 having overhanging arms 371 into
which adjusting screws 38 may be threaded. Pref-
erably also upper and lower clamping jaws 39
and 40, respectively, are provided which include
suitable winding-engaging portions 41 composed
of rods or rollers surrounded with soft material,
such as rubber, to protect the Insulation of the
conductive winding units. One or both of the
winding holders, for example the winding holder
25, may be made of sufficient size to support a
partially completed induction apparatus with
one or more cores already applied, as shown in
Fig. 3.

The driving rollers 23 and 24 are 50 mounted
that they may grip the side of the strip coil i1
resiliently, one of them for example being carried
by a transversely movable support resiliently bi-
ased toward the other. For example, the inner
roller 23 may be mounted on a transversely mov-
able bearing, one or both rollers being connected
by means of suitable gearing to the shaft 42, to
which the driving motor is connected. In order
that the collapsing operation may be carried out
conveniently, roller 23 is removably mounted.
Mechanical arrangements for supporting and
driving the rollers 23 and 24 are not a part of
my Invention and are not, therefore, described in-
detail. The arrangement disclosed in Granfield
Patent 2,160,588, and iltustrated in Fig. 17 of that
patent, may be used.

The collapsing rollers 27 to 30, inclusive, are
rotatably supported at the ends of pivoted arms
43. The latter are mounted in pairs on sleeves
surrounding countershafts 44 at either end of
the frame of the machine., The countershafts
44 are connected by suitable shafts and gearing
to the main drive shaft 42 and carry pulleys 45
connected through belts 46 to pulleys 471, each
connected by shafts to one of the collapsing roll-
ers 27 to 30, inclustve. In order to permit the
collapsing rollers 27 to 30 to be located above the
table-top 22 and to have the supporting bearings
below the table-top. sector-shaped openings 48
are provided in the table-top 22. For moving the
collapsing rollers inward as the larger loop 17
collapses and for maintaining the rollers in con-
tact with the outer layers of the loop 17, means
are provided for converging the pairs of pivoted
arms 43. For example, a pair of collapsing han-
dles 49 only one of which is shown, may be pro-
vided with suitable Jinkage 50 connected to the
arms 43 whereby the arms 43 may be converged
by drawing the handles 49 toward the center of
the machine, If desired, additional linkage car-



2,240,506

rying projecting arms adapted to engage the
winding holders 25 and 26 may be provided for
automatically causing the winding holders to be
moved towards each other as the larger loop 7
1s collasped in response to movement of the col-
lapsing handles 49.

The operation of the machine is as follows:

After the winding units 13 and {4 have been
placed in the winding holders 25 and 28 and se-
cured by means of the clamps 38, the coil of strip
i1 has been placed over the roller 23, and the
outer end 18 of the strip has been separated from
the coll, the driving motor is started rotating the
drive shaft 22 and the rollers 23 and 24, caus-
ing the coil of strip t1 to unwind. As soon as
the loop (71 has been formed through the wind-
ings 13 and 14 and the end (8 has been fastened
to the loop (7, the rotation of the rollers 23 and
24 causes the strip to wind off the coil i and into
the larger loop I1. After all the strip has been
transferred to the larger loop 7, as shown in
Pig. 5, and the inner end of the strip 9 has been
secured {o the winding side {8, the connection at
{8 is broken and the inner drive roller 23 is re-
moved, whereupon the collapsing handle 49 is
moved inward, the driving motor is restarted, and
the friction of the driving rollers on the outside
of the strip {7 rotates the larger loop causing it
to collapse, as illustrated in Figs. 6 and 7, the
winding holders 28 and 26 being pushed together
during the process by hand if no connection to
the collapsing handle 49 is provided therefor or if
the track-way rollers 32 are not arranged to move
the winding holders toward each other by gravity
or by direct drive. When the strip has been col-
lapsed to the compact core, as shown in Pg. 7,
the outer end is preferably fastened to the coil
by means of welding or suitable means for the
sake of greater security.

In the case of induction apparatus, such as
that shown in Fig, 9 or 10, having a second core
51 applled to a different side 52 of the winding
3, the partially completed apparatus shown in
Fig. 7 is released from the winding holder 26 and
turned around in the winding holder 25 =o that
the core 11 which has already been appilied, and
the winding unit {4 which has already been bound
to the winding unit {8 by the core {{, occupy the
left-hand position, as shown in broken lines in
Fg. 3. ‘Thereupon a third winding unit 53 is
mounted in the winding hoider 26 and the pro-
cedure previously described is repeated so that
the second core %{ binds the winding unit 53 to
the center winding unit {3 forming the completed
structure shown In Fig. 9. To avoid confusion
the parts 11, {§, and 53 of Fig. 9 are designated
in Fig. 3 by the primed numerals 11", 1§’, and
53’, respectively, when in position for applica-
tion of the second core 5{. .

Preferably the winding units 13, (4, and 53
are provided with cross sections of such shape
that the resultant winding leg 12, as shown in
Fig. 7, is substantially cruciform in shape or has a
stepped outline in order to obtain the maximum
available space factor of the conductor material.
It will be understood, of course, that the conduc-
tive windings forming the winding structure will
be electrically connected in any desired manner
to form the desired type of apparatus. For ex-
ample, in forming saturable core reactors, as in
Figs. 9 and 10, the center winding unit 13 is
adapted for connection to a source of adjustable
direct current for controlling the degree of
saturation of the cores 11 and 5f and the winding
units {4 and 53 are adapted for connection in

3

serles or in parallel in an alternating current .
circuit in which current is to be controlled by
variation of reactance. It will be observed that
the construction illustrated forms a compact,
sturdy assembly in which the copper and iron
coils serve to support and bind each other to-
gether. It will also be observed that the con-
ductive winding units 13 and {4 radiate or ex-

. tend radially from the winding leg (2 so that
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the mean length of turn of the copper windings
and the amount of copper required for a given
cross section of magnetic strip is considerably
less than would be the case if all the copper
windings were wound concentric.

The invention is not, however, limited to re-
actors and obviously includes also transformers,
in which case the winding units having a common
core may form primary or secondary windings
or, if desirad, each of the winding units may be
divided into concentric electrical windings as il-

‘lustrated in the drawings (Fig. 7 and 9) with one

of the windings of each winding unit serving as a
portion of a primary or secondary winding. In
the case of two-unit transformers it will be un-
derstood, of course, that the operation is termi-
nated at the step represented in Fig. 7, in which
two winding units are bound together by a single
core or & group of annular cores in axial align-
ment simultaneously applied. It will be under-
stood, of course, that if there are to be only two
units in the completed stationary induction ap-
paratus, the unit 13 may have its core-receiving
opening reduced in size to conserve material.

In accordance with the provisions of the patent
statutes, T have described the principle of opera-
tion of my invention together with the apparatus
which T now consider to represent the best em-
bodiment thereof but I desire to have it under-
stood that the apparatus shown Is only fllustra-
tive and that the invention may be carried out
by other means.
© What I claim as new and desire to secure by
Letters Patent of the United States, is:

"1, A method of assembling a wound strip mag-
netic core with conductive winding structures in-
cluding more than one winding unit, which meth-
od comprises separating e pair of conductive
winding units which are to be linked by a com-
mon magnetic core element, separating the end
of a wound coil of magnetic strip from the coil,
threading the sald end through both winding
units, securing the end to the outer surface of the

-¢oil to form a relatively large loop around sides of

both winding units, rotating the coil to unwind
it and simultanecusly rewind it around the said:
winding sides into said loop, progressively bring-
ing said winding units closer together and si-
multaneously collapsing the said loop upon the
winding sides until the surrounded winding sides
have been brought into proximity to form a wind-
ing leg and a core has been formed closely em-
bracing said winding leg.

2. A method of assembling a wound strip mag-
netic core with conductive winding structures in-
cluding more than one winding unit, which com-
prises separating a pair of conductive winding
units which are to be linked by a common mag-
netic core element, passing the end of a coil of
magnetic strip through both winding units and
aeround the coil to form g relatively large loop,
transferring the magnetic strip material from the
coil to the loop and collapsing the loop of mag-
netic strip while bringing the magnetic winding
units towards each other.

3. A machine for assembling magnetlc strip




4

cores with conductive winding structures includ-
ing more than one winding unit. said machine
comprising a track-way, & pair of winding sup-
ports adapted to be moved towards each other on
said track-way, & pair of rotatable rollers for
frictionally engaging and supporting a coil of
magnetic strip and a ioop of sirip crossing the
track-way and swirounding the coil of strip,
means for driving at least one of said rollers, said
rollers being nositionsd at one side of said track-
way, & pluralty of collapsing rollers, movable
supports and driving means for said collapsing
rollers, and means for moving said collapsing
iollers inward toward fthe portion of said track-
way opposite the first mentioned pair of rollers in
order to engage frictionally a lcop of magnetic
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strip surrounding one of said driving rollers and
crossing said track-way.

4, A machine for assembling magnetic strip
cores with conductive winding structures includ-
ing more than cne winding unit, sald machine
comprising means for movably carrying a pair of
winding supports, means adjacent thereto for
supporting and rotating a coll of magnetic strip
and driving a loop from the coil through winding
tnits mounted in said winding supports, and a
pharality of power driven collapsing rollers adapt-
ed tc be moved inward against a loop of magnetic
strip to collapse the loop while the winding sup-
ports are being moved together,

PAUL A. VANCE,




