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This application is a continuation-in-part of & construction of slow electromagnetic device in-

my application Serial No. 671,767, for Slow elec-

tromagnets having the same or similar tempera-

ture coefficients of resistance materials in differ-
g ential windings, filed May 18, 1933. :

My invention relates generally to that class of
slow electromagnetic devices, shown in the fol-
lowing patent and copending patent applications:

S.N. 416,877—filed Dec. 27, 1929—for Slow

10 magnetic regulating devices;

S.N. 699,616—flled Nov. 24, 1933-—for Motor

starting systems;
S. N. 699,617—filed Nov. 24, 1933—for Signaling

systems;
15 S.N. 699,618—filed Nov. 24, 1933—for Motor
control system;
8. N. 699,619—filed Nov. 24, 1933—for Distribu-
tion system;
S, N. 699,620—filed Nov. 24, 1933—for Arc weld-
90 Ing apparatus;
S.N. 703,313—filed Dec. 20, 1933—for High
temperature slow electromagnetic devices;
S. N. 705,466—flled Jan, 5; 1934¢—for Slow elec-
tromagnetic devices having different temperature
o5 coefficient of resistance materials in assistant
windings;
Patent No. 1, 972,319, dated September 4, 1934.
S.N. 671,768—filed May 18, 1933—for Coils for
slow electromagnets and reactors.
a0 The invention herein is directed to means for
providing substantially complete flux interlink-
age between the parallel connected windings
shown generally in these various cases.
One of the objects of my invention is to con-
35 struct a slow electromagnetic device in which the
means for providing complete flux interlinkage
between the parallel connected windings consist
in surrounding one winding with the other.
Another object of my invention Is to provide a
40 construction of slow electromagnetic device which
comprises & pair of inductively coupled and op-
posed windings connected in parallel one with re-
spect to the other and formed of materials having
the same temperature coefficients of resistance
45 other than zero, and being assoclated with ‘each
other and with a magnetic core in such man-
ner that all magnetism originating in either wind-
ing threads the other.
Still another object of my invention is to pro-
50 vide a construction of slow electromagnetic de-
vice in which a pair of cooperative windings are
arranged one within the other and insulation
members maintaining the windings in predeter-
mined spacial relation.
85 A further object of my invention is to provide

cluding a pair of cooperative windings in which
one winding is enclosed by conjugate cover mem-
bers arranged to insulate one winding from the
other.

A still further object of my invention Is to pro- 8
vide a construction of slow electromagnetic device
including & pair of cooperative windings ar-
ranged one within the other and associated
with & magnetic core structure and having a pair
of conjugate cover members embracing opposite
sides of one winding with insulation means spac-
ing the conjugate cover members from each of
the windings and serving to insulate the windings
one from tHe other.

Other and further objects of my invention are 15
set forth more fully in the specification herein-
after following by reference to the accompanying
drawing, in which:

Pigure 1 Is a sectional view of a coil with
one winding surrounded the other taken on
line 1—1 of Fig. 3; Fig. 2 shows another form with
the core omitted; and Fig. 3 is an end view of the
device of Fig. 1.

The term ‘“leakage reactance” {s used to
measure the leakage magnetism'in a two coil 26
transformer or other magnetic device, 1. e., the
magnetism originating in one coil but not linking
with the other. In slow electromagnetic devices
of my invention it is generally important to keep
this as low as practicable. 30

One means for accomplishing this is shown in
my Patent 1,972,319 for Coils for slow electromag-
nets and reactors, issued September 4, 1934, where
I wind one conductor in spiral or other forma-
tion over the other. A second means is shown 38
in my application 416,877, listed above, where 1
wind the two insulated wires in as a twin con-
ductor. ]

It is not essential for the purposes of my in-
vention that the windings be of different or the 40
same temperature coefficients of resistance, be
connected to oppose or assist one another, be self-
contained or with series resistors, or have any
one of a number of heating means for producing
the differential effects. It is essential that the
two windings be inductively coupled and con-
nected in parallel one with respect to the other.

To accomplish the purpose of substantially
complete flux interlinkage between the paralleled
windings I may entirely surround one winding
with the other as illustrated in Fig. 1 where an
inner winding { is shown surrounded by an air
space 10 and an outer winding 2 forming a com-
plete enclosure for the inner winding. The core
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is designated at 3. Strips of insulation material
8 and 16 may be disposed about the inside and
outside of the coil § for centering coil ! with re-
spect to coil 2. The space 18 may be lefi open
€xcept at points of support provided by strips 16
and {8. In order to properly center the sides of
coll { with respect to coil 2, T arrange annular
strips of insulation material, as represented st
7 and 18, The turns of coil 2 are spaced from
‘Core 3 by means of strips (8 end 20 and strips
2! and 22. 'The sides of coil 2 are spaced from
core 8 by means of annular strips of imsulstion
material represented st 25 and 24, :

The space 10 may be divided a5 shown in Fig. 3
Into two spaces 18e and (05 by the heat insulating
barrier 12. In this medification, the heat insu-
lating. barrier is constructed of 2 pair of con-
Jjugste annular cover members {2¢ and 12b which
are Interfitted on opposite sides of the coil [ to
provide a heat insulation cesing for.coll § end
the coil 2. Provision is mede for & proper air
gap between the walls of the heat
casing 12 and colls | and 2 by means of lnsulated
spacing strips 25, 28, 27, end 28. These strips
permit the colls | and 2 to be positively spaced
from the walls of the heat msulating herrier.
To insure evenly balanced construction, annular
strips of insulation material are mounted at the
sides of coll ! and the annular cover merabers
12a and 126 constituting the heat, insuleting bar-
rier {2, as represented ai 29, 88, 81, and 32,
serving to center coil { with respect to the side
portions of coil 2 with the heat insulaiing barrier
therebetween, as shown. The coil structure {iips-
trated in Fig, 2 is preformed in four pearts, that
is, two concentrically disposed cylindrical coils,
one coll represented at 2a and one outer cofl rep-
resented at 2p with two
coils 2¢ and 24 located on the sides in the ar-
rangement shown. In the assembly, coil { is en-
closed in the coacting heat insulsting barriers 12
and [2b with the centering strips of insulating
meterial properly disposed in position and the
heat insulated coil | introduced into the enclosing
coil 2 while one of the side pancake coils, such as
2d, is removed. The bancake coll 2d is then
blaced in position thus completing the coil struc-
ture preparatory to assembly of the core 2 with
respect to the assembled core structure. The
magnetism will pass into the core 3 as before
but heat exchange between the windings { and
& will be largely prevented. Where design con-
ditions require it, the air space 10 may be vented
to the outside air, or in extreme cases, g forced
draft of air may be introduced to keep winding 1
at a low temperature while winding 2 rises o8
higher temperature.

It is standard practice in transformer and other
constructions .to wing one ¢oil over another, buj
not to surround one with the other on =il sides.
With 2 slow electromagnetic device constructed as
disclosed herein, i is not ordinarily essential that
ell filux originating in one winding thread the
other, but in cases where the result is hard io ate
tain due to a relatively small temperature dif-
ference, & low amount of energy available for
operation, or sny other ‘cause, it is desirable to
employ all available magnetism in producing, the
difference between the cold and hoi condition.
In such & case, the spacers 06, 16, 17, and £3,
Fig. 2, may be omitted and the outer coil wound
In close contect with the inner one.

Windings known as “non-inductive” windings
are in common use, where the megnetic efects of
cwrrent in the winding are undesirable,
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With windings of the slow magnetism type it is
Sometimes desirable to have the coll non-induc-
tive at one range of current values and bighiy
Inductive, after heating, ot another range of
current values, .

For instance, in a slow impeder for connection
in serles with g circuit to afforg overload or
short eircuit protection to that clreuit, it is highly
desirable that there be no choking action and as

my invention I em enabied,

where the magneto-motive forces gre in oppo- -

sition, to preduce substantially zevo net flux with
currents in the windings.

By rezson of the paralieied, inductively coupled
and opposed windings of my Invention, I am ep-
abled, on elternating or pulsating currents, to
produce g eoil in which, while the resistances of
the paralleled baths snd currents therein sre
passing through o Tange of values, the mag-
netism of the coil and the induced. voltage in one
winding pass through zero., The effect of the
magnetism and induced voltage changes is gs
follows:

Assume two windings 1 and 2, the resistances
of whose parallel paths are such that when they
are In parallel snd opposition, winding 1 gyer-
balances winding 2 magnetically and sets up 2
slight flux in core 3. As the paraliel paths change

this continues, a Which there is
Zero flux in core 3. As the action continyes past
this point winding 2 bscomes stronger msgnet-
ically than winding i and produces fiux in core 3
of the opposite instantaneous polarity to that in
the core when winding i overbalanced winding 2,

It will be seen that the flux in one instantane- 4

ous direction must induce in the windings it guts,
voliages opposite to those induced when 1t hag
bassed zero to the Opposite {nstantaneous direc—
tion. Since the windings are in opposition the
same flux cutting both must
ages - in the two. In the stronger winding the
induced voltage tends to choke the cuwrrent Aovw,
while in the weaker winding it tends {o assist the
curtent fdow. Thus, in the weaker winding, the
Induced voltage tends to offset the IR volinge
drop through thet winding at some eritics) poing,
and the impedance voliage drop is therefore sub-
stentislly reduced through that winding. If this
point is reached Very ciose %o zero meagaetization
in the core and the other winding hag 8 very
low resistance, which can usually be arrenged, g
slow eleciromagnetic device resulis in which the
Impedance drop through the coil ag 5 whole is
very low with considerable current {n the cireuit,

I the core steel hag the Droper cheracicristics
and the heating snd resistance values are care-
fully worked out, this range of low impedance
over most of the renge from 1o
load to full load. 17 desired the inductive drop
meay.be caused to A
bullds up to full load, o be substantiolly zero
ab full load,

For velues bayond full load the heating curves
and magnetization curve of the core wili IaTgely
determine the rise in Imipedence. By allowing
the temperature to rise rapidly beyond = critical
load point, which iz the usual characteristic of »
tempersture curve on elecirical apparatus, and
using high permeability stesl, the magnetism and
congseguent Inductive voltage mey be made in

decrease slighiiy as the load
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rise on a steep slope and produce a radical rise
in impedance.

I may employ windings part of which are close-
ly interlinked magnetically and the rest not. For
example, in my co-pending application 703,313
parts of the windings are designed for relatively
low temperature operation and the other parts
for very high temperature operation in an evac-
uated vessel. In windings of this type, and others,
I may employ the various methods disclosed for
producing substantially 1009 flux interlinkage
in the low temperature windings only or in the
high temperature windings only.

My invention herein may be utilized in sole-
noids, electromagnets with or without moving
cores, electromagnets to attract or repel other
electromagnets, reactors or impeders without
cores, with stationary or movable cores, trans-
formers of any type without cores, with station-
ary or movable cores and for any use disclosed in
the various patents and patent applications listed
above.

I have described my invention in certain pre-
ferred embodiments, but I desire that it be un-
derstood that modifications may be made and
no limitations upon my invention are intended
other than are imposed by the scope of the ap-
pended claims,

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. An electromagnetic device comprising a pair
of inductively coupled and opposed windings
connected in parallel one with respect to the
other, said windings being formed of materials
having the same temperature coefficients of re-
sistance other than zero, said windings mounted
on a core of magnetic material, one winding con-
stituting an inner winding and the other an outer
winding, sald outer winding surrounding said
inner winding at every point of said windings,
said second winding having pancake sections
bridging the gap at the ends of said first winding
between said circumferential winding and said
core, so that when energized, substantially all
magnetism originating in either winding threads
the other, and conjugate cover members enclos-

ing said inner winding and insulating said inner
winding from said outer winding.

2. An electromagnetic device comprising a pair
of inductively coupled and opposed windings con-
nected in parallel one with respect to the other,
sald windings being formed of materials having
the same temperature coeficlents of resistance
other than zero, said windings mounted on a
core of magnetic material, one winding consti-
tuting an inner winning and the other an outer
winding, sald outer winding surrounding said
inner winding at every point of said windings,
said second winding having pancake sections
bridging the gap at the ends of said first wind-
ing between said circumferential winding and
sald core, so that when energized, substantially
all magnetism originating in either winding
threads the other, conjugate cover members con-
forming in contour with said inner and oufer
windings and enclosing said inner winding, and
insulation strips disposed between said conju-

gate cover members and said outer winding for-

insulating said windings one from the other.

3. An electromagnetic device comprising a pair
of inductively coupled and opposed windings con-
nected in parallel one with respect to the other,
said windings being formed of materials having
the same temperature coefficients of resistance
other than zero, sald windings mounted- on &
core of magnetic material, one winding consti-
tuting an inner winding and the other an outer
winding, sald outer winding surrounding said
inner winding at every point of said windings,
sald second winding having pancake sections
bridging the gap at the ends of said first wind-
ing between said circumferential winding and
sald core, so that when energized, substantially
all magnetism originating in either winding
threads the other, conjugate cover members con-
forming in contour with said inner and outer
windings and enclosing said inner winding, and
insulation strips spacing said cover members
from both sald inner and outer windings for insu-
lating said windings one from the other.

ALBERT B. RYPINSKI.
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