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“ diametrically opposite pomts of the coil.
-advantage of the construction describied per- .-
mits the ] primary winding of a transformer to-

be ‘brought out-at pomts of equal potential
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UNITED STATES

1,691,699
PATENT OFFICE

: ALLEN D. CARDWELL OF ROCKVI,LLE CENTER NEW YORK.

. TRANSFORMER AND: INDUCTANCE:

 Application filed xay' 16, 1925. Serial No. 30,666.

My invention. relates to. improvements in
coils of 'wire for-electrical purposes, such as in
mductances, transformers, etc., and embodies

"advantageous fefltlues in cmls in. toroidal.

form. .
~One of the ob]ects of my mventlon is to pro-

vide a coil or eleetrical: element having con-.

ductor windings wound in such a way. that
‘the electrical cullent will pass through the

coilin parailel on its opposite sides or halves.

whereby the magnetic fields generated will

be ‘in congunctlon, and the ad]acent ends. of -

the windings will be of the same electrosmtlc
potential.

T'o carry out my invention one 51dc or half
of the coil- may be wound as. to the right or

in a clockwise direction, and the: other side-
or half of the coil may be wound as:to the left:
or in counter-clockwise direction, with the:

corresponding ends of the windings: ad]acent
~orin close proximity and:the ends of the con-

ductors: at adjacentends. of' the coils joined:
‘The ends of the halves of the coil
may be placed in relatively close proximity:
or-juxtaposition without injurious effects be-:
~cause-the ends which are close or abutting are
The :individual lay-.
ers of wire as they progress in different direc-.
tions around the halves or separate elements:

electrically.

of the same potential.

of the coil are of the same potential on one

side as the wires that occupy the same sym-.
metncal position:on the opposite side of the.

coil. “'The -greatest.” difference of - potentjal

Jis 1cprescntcd by the points of entrance and:

exit. of the .current which:is at- subsmntlallv

“on.my. Jmploved coil used as the secondary,

‘so that the lead wires for the primary will

not:introduce any serious electr ostatlc capac-
ity-in thesecondary.

Another object is to connect the turns of a

coil together 11 such a way as to space adja-
cent turns apart and retain the turns in rela-

tive positions, serving to reduce the dlqtub—»

uted capacity of the coﬂ

"The coil described may be used as the sec-
ondary of a transformer, or the primary, or
both;,.or-the coil‘may beused as an mdmt‘\nce
without the- primary coil..

My invention also comprises novel detaxls
‘of improvement that will be miore fully. here-
inafter set for th and then pomted out in thc
claims.

An-

Reference is to be had to the accompany-

ing drawings forming.a part hereof, wherein

I‘w 1.is a face V1ew of a tormdal coil em-
bodvmo my invention having turns or wind-
Ingsin oppos‘te directions;
' Flo 21s a cross section of Fig. 1;

Flnr 31is a detail of part of Fig. 1

Fw 3 isa detail section, taken on the plane
of line 3%, 83, in Fig. 2 with cords omitted ;

Fig. g couesponds to. Fig. 3¢ showmcr a-
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dlfferent relation of the 1nner turns to thc ‘

outer turns of'a group;
- Fig. 4 is a diagrammatic view of the toroi-
dal c011 of Fig. 1

Fig. 5 is an edwe view. of an outer side of-
the c011

Fig. 6 is a detall perspective, on an ex-
a(r(related scale, illustrating the manner of-
tyma the turns of the coil;-

Fig. T'is a-side view of a-toroidal coil hav-
ing tulns or windings in-a single direction:
‘md substantially in: tman(rular cross section,
spaced and retamed 1n accordance with- my
1nvent10n

Fig. 8 1s a.Ccross-section of F10 7

Tl(r 9.is a detail side view of a: pormon of
the c01l of Fig. T substantially rectangular:
In'eross sectlon

Iig. 10isa. cross section of Fig. 9;

Fig. 1115 a dmcrlammatlc view of the coil’
of Fig. 7:.

F10 127 is a-side view of a straight coil hav-
ing its turns or windings spaced by binding
mcans, part of which is ‘Within tlie coil;

Fig. 18 is an end view of Fig, 12;

Flg 14 is a side view of a btmmht coil hav-
ing its turns:or windings- sp‘tced by binding
means, part of which is without the coil

Fig. 15 is an end view of Fig. 14;

Fig. 16 is a side view of a str ‘11rrht coil hav-

ing: 1ts turns or windings @paced by binding-

means, part of which is Wlthout the coil and

- part within the coil ;

- Fig. 17 isanend VleW of Flg 16;
Fm 18 is a detail perspective Vlew illus-

_tmtmo a c01e or- tube: within the coil of
-Fig, 12

Flo 19 is a detall perspective view illus-
tr ahnfr a'tube without the coil of Fig. 14 and

Fw 20 illustrates the coil of Fm 16 Wlth—
i-an outel tube.

‘Similar numerals of refer cnce lndlcate cor-

: rerondmO* parts.in‘the several views:

The coil, which preferably comprises in-

sulated conductor 1 ,may be formed by wind-
‘1no~ the. conductor W 1th a smta.ble numbor of
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turns to form the desired completed toroid
or coil, the onter or peripheral portions of
the turns being laid side by side to so remain.
In the form shown in Figs. 1 to 4 the coil
comprises two windings 17, 17 of the con-
ductor wire 1 wound in opposite directions,
the turns of the windings 1’ being shown in
Figs. 1 and 4 as wound to the right hand or
in a clockwise direction and the turns of the
windings 17/ as wound to the left hand or in
counter-clockwige direction with correspond-
ing ends of the two windings opposing. The
right and left hand windings may be made

L

of the desired cross sectional shape-and con-

guration, the corresponding ends of the two -

windings being brought togsther so as to op-
pose or abut and they are so retained by suit-
able means. The end portions 17,1 of the
two reverse windings at one side-of the coil
are electrically connected, as by twisting the
wires together, (fig. 1), and the end portions
1¢, 19 of said windings, on the side of the coil
opposite the parts 1%, 1°, are electrically con-
nected, as by twisting the wires together. In
accordance with the construction described
when the coil is included in an electrical cir-
cuit the current will pass in parallel through
both coils, and will create magnetic fields
which will be in the same direction inasmuch
as the current progresses throngh one half of
the coil in a clockwise direction and through
the other half in a counter-clockwise direc-
tion. Mence, the electro-magnetic flux will
be in conjunction and the electrostatic fields
will be separated by the total dimension of
the coil, as determined by the distance be-
tween the first and last turns of the respective
halves. The construction enables the ends of

the two halves of the windings to be put in -

close proximity without injurious effects be-
cauge the abutting ends are of the same poten-
tial. The individual layers or turns of wire
on one side as they progress around the toroid
or coll are of the same potential as the turns
of wire which occupy the same relative or

symmietrical position on the opposite side’

of the toroid or coil. - The greatest difference
of potential is represented by the points of
entrance and exit of the current to and from
the ¢oil which is at diametrically opposite
sides of the latter.” The coil described may

be used as an inductance or an npedance, and

also may be used as one winding of a trans-
former 1n conjunction with another winding
thereof. When my improved coil is used in
a transformer an advantage is attained in
that one winding may be brought out through
convolutions of the other winding at points
of equal potential on the coil, so that the lead
wires will not introduce any serious electro-
static capacity in the secondary, (see dotted
lines 5’, Fig. 1). A primary winding is-in-
dicated in dotted lines at 5 in Fig, 2. The
winding 5 may be within or without the to-

roidal coil. The primary winding may be in.

1,691,699

one direction only, or it may be of the split-
parallel form described regarding coil 1, such
as diagrammatically shown in Fig. 4, having
the same magnetic and electrostatic charac-
teristics.
turns or windings may be of any desived
shape, such as rectangulay, triangular, hex-
agonal, or the like, in either of the forms
illustrated.

In order to provide the toroidal coil with
a relatively large number of turns within a
relatively small compass the diametrically
inner parts of a given nuber of adjacent
turns, say three of such turns, are located
one within another in groups or series with
the corvesponding outer turns side by side.

As illustrated in Figs. 3%, 8* and 6 the inner
turns 2, 3, 4 of a group of turns lie or are
nested within one another, such that the inner
parts of every third turn will lie at the inner
circumference of the toroid, (each part 2
counting as number one in a group or series
of three), with the corresponding inner por-
tions 3, 4 of each group or series of three
complemental turns nested or lying within
the part 2 of the same group and within one
another, with an air space between said turns,
all within the area bounded by the first turn
on the outer periphery of a given group, the

last turn on the same periphery of the same

group and the particular turn of the group at
the inner circle of such group. Said area is
shown within dotted lines in Figs. 3* and 3®.
In Fig. 3 the inner turns at 2, 3, 4 are sub-
stantially in a radius of the toroid, and in
Fig. 3 the turns incline from a radius. The
construction is such that with the groups of
turns arranged as described no turns of one
group will rest on or lie within any turns
of an adjacent group of turns. While the
turns or convolutions of the conductor cor-
responding to the parts 3, 4 are concealed at
the inner portion of the teroidal coil by the
companion outer parts 2 the continuations
thereof appear at the peripheral portion of

the coil in full and appearnore or less grad- -

uated from the inner circle to the outer pe-
riphery of the coil, on the radial-like lays.
The turns may be formed in substantially
rectangular formn; as illustrated in Figs. 2
and 10, or in a substantially triangular form,
as in Figs. 6 and 8, or the coil may be wound
in other desired form.

In accordance with the construction de-
scribed I am enabled to provide a coil having
arelatively large number of turns or convolu-
tions located at the peripheral portion in a
single layer side by side, and the inner por-
tions nested asmay be required to preserve the
substantially radial lines of the turns. and
within a relstively small compass. While 1
have referred to the coil as comprising a series
of three complemental turns 2. 3, 4, adapted to
nest at the inner portions, which I find in prac-
tice to be a satisfactory and practical form

The cross” sectional area of the 7
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of toroid, it will be understopd that two,,
three or more of such complemental nested

turns in groups may be used according to.the
diameter of the toroidal coil and according
to the closeness with which it is intended that
the peripheral portions of the turns shall be
located.  Where the inner portions of several
conductor turns are nested in groups, there-
by forming substantially wedge shaped sets

of turns, the several sets are placed in juxta-
. position but not within one another by locat- -

~Ing the inner turns 2 side by side. By the
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means described the distributed capacity of-

‘1s reduced to a mini-
- :  site, so that any external field will be neutral--

1zed to minimize the effect of stray signals on

the completed toroid
ranm. . ,

~The turns of the element or coil may be
retained in any desired way, such as by means

‘of suitable binding connections. The tuzns.

may be tied together, or-a cord or cords may
be within or without the coil, serving to re-

‘tain the turns or convolutions, of the coil in
normal or definite relation and serving as.

supporting means.  The binding connections
may be in the form of & non-eonducting cord
or strip. - The binding may be independently

attached to each of the turns or convolutions..

at the outer or peripheral portion of the coil
and a binder may be attached to each series

or group, (2, 3, 4) of turns or convalutions

at the inner circle of the coil. At 6 the bind-.
ing cord runs completely around. within. the
outer portion of the coil and at 7 is another
cord looped across each of the turns or con-

volutions -at the outer part of the coil and
-around the hinding cord 6, forming a bind or

tie-at each turn, whereby each looped portion
of the binding is interposed between two
turns at the outer periphery of the coil, there-

by securing the turns together and spacing -

the turns apart. At the inner portion of the
toreidal. coil binding cords 8 pass around.

As illustrated one cord is within the inner
turns 4 and other cords between the turns 3,4

and 2, 3, for spacing them apart, and a bhind-

ing cord 9 is looped across.each three turns or

convolutions of wire and encloses three bind-
ing cords 8, preferably in a single loop, for
each group or series of turns, whereby the

wires of each group or series of turns are’
spaced from each other by cords 8 and each.

~ group or series of turns at the inner part of

60

the coil is spaced from the adjacent groups by -
the cord 9. The cords 6 and 8 afford anchor-

ages for the several loops of the binding cords
7and 9. The fastening of the binding to the
turns of the coil retains the turns in spaced
relation, and the inner ends of the binding
cords at the adjacent ends of the coil may be.
tied tgether at'11, to retain the coil in toroi-
dalform for use. The spaces between the ad-
jacent turns and.sets or groups of turns will
reduce the distributed capacity of the coil,

and thereby increase its efficiency either as an -

- inductance or as a transformer. - One or more.

65

.of the cords 8 may be omitted, in which case

preferably the inner cord 8 will be used, The

same construction of tying and spacing the.

turns together may apply either to.the second-
ary winding or to the primary winding 5, or
to both. . 7

A toroidal transformer or inductance con-
structed in the manner set forth will have nu-
merous. advantages..  The fields are concen-
trated in. a confined area, and are entirely
closed so that, losses due to stray fields are re-

duced, stray signals passing through the coil :

will generate a current on one side. equal and

3

Al

opposite to any current which may be gen.

erated in the windings diametrically oppo-

the toroid. Conversely, any magnetic field.
generated by the turns on one side of the to-
roid will have an opposite. field generated by
the turns on the opposite side of the toroid, so
that magnetic feed-back or undesirable mag-
netic coupling with any. other circuit will be
reduced. . This will permit the concentration
of comparatively large inductances in a small
area without the disadvantage of having in-

80

80

tense external magnetic fields, and also per- -

mit the use of comparatively large air core

transformers or inductances without generat-

ing a large external magnetic field.

I have illustrated my improved parallel
coil as of annular or ring-like contour, but
it will be understood that the coil may have
other desired configuration provided the ends
of the coil oppose or are adjacent.

With respect to Figs. 1to 10 T have set forth.
my improved binding as utilized in connec-
tion with a toroidal form of coil, whereby the

turns or windings are spaced apart and re-

tained. My improved binding, however, is
not limited to the toroidal form-of coil since

‘the binding may be used with other shaped

coils or windings as elementsor parts of elec-
trical instruments. - In Figs. 12 to 20 T have
illustrated my improved binding as utilized
in connection with coils in straight form with
cords or the like 6 pacsing along the coil or

~conductor 1 and the binding cords 7 looped

3, -

1ou:

105

110

across the turns of the conductor and around .

‘the corresponding longitudinally disposed

cords 6, securing the turns or windings of the
coiltogetherandspacingthemapart. In Figs.

12 and 13 the cords 6 extend longitudinally

within the turns of the coil jin TFigs: 14 and 15
cords 6 extend longitudinally along the onter

.surface of the coil, and in Figs. 16 and 17

124

some cords 6 are within and some cords 6 are -

~without the coil, all of such cords being tied

to the turns of the coil by the binding cords

7 which space the turns apart, and overlie or

underlie the conductor 1. At the ends of the

coils the " respective complemental cords

6, 7.may be tied together, such as indicated

at 11,

- The coils of Figs. 12 to 17 will be sufficiently
firm to be used without a core therein or a

130 -
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cover thereon for various purposes. Said
coils, however, may be used with an inner core
or tube of suitable material , preferably of in-
sulation, indicated at 12 thc coil being spaced
from the cove or tube by the binding cord 7that
projects from conductor 1 either e\temorly or
interiorly of the coil. In Fig. 18 the form of
coil shown in Figs. 12 and 13 has a core or tube

19 therein and the longitudinal cords 6 and
the underlying bmdln(r or looping cords 7
that pl‘O]eCt within the civcumference of the
windings beyond the conductor and cord 6 of
the coil serve to space the coil from the tube
or core. In Fig. 19 the coil is inserted with-
in tube 12 and in this case the exteriorly dis-
posed cords 6 and the ovexlymw bindings 7
projecting beyond the conductor and cord 6
serve to space the coil from the inner surface
of the tube. In TFig. 20 the tube 12 encireles
the coil of Fig. 14 Tand is spaced therefrom
b3 by the exterior co1ds 6 and Lhe looping cords
7, other cords 6 being within the coil. - In the
form of coil of Figs. 716, 17 and 20 a tube simi-
lar to 12 may be within the coil in the man-
ner shown in Fig. 18, and a tube may or may
not be around the coil.

Although in Figs. 1 t010 I have hereinbe-
fore referred to the conductor 1 as b eing an
insulated conductor it will be understood that
in all cases the conductor need not have an
insulating covering, as where the binding or
looping cords or elements 7 or 9 9 pass betiween
adjacent turns of the coil, and also where the
spacing cords or elements 8 arve located be-
L\VGGH nested turns of the coil, since such parts

, 8 and 9 serve to separate the conductor
tmns in spaced relation, thereby insulating
them from one another. The looping cords
also serve to insulate the non-insulated con-
ductor fromn tube or core 12.

I use the term “cord” in the specification

and claims in a generic sense intending it to
mean ordinary cord or twine in round or
other cross section, or a strip of tape or rib-
bon-like element "ot insulating aterial,
which may be used extending along the wind-
ings of the coil and as loopum or binding
the turns or windings of the coil as well as
spacing them apart.

While I have illustrated and deseribed the
element or coil as provided with several cords
extending along the same, it will be under-
stood that such elements or coils.may have
one or more of such cords with the binding or
bindings looped arcund the turns of the oil
and the cord or cor ds, or around the tarns of
the coil only for spacing and binding the
turns with the cor ds 6 or- 8, or both, omitted.
The ckm ent or coil may be made \nthoun the
cords and binding, (Tlos 3 8"y, and may be
retained in toroidal form in any desired w ay.

Thile the elements 6 and 8 have been re-
ferred to as cords, they are employed to form
ribs to which the windings are secured -or
lashed by the binding cords. These elements

1,691,699

6 and 8 may, of course, be of different sizes or
dm,metels and they ma} consist of textile ma-
terial or they may be in the nature of dielec-
trics, such as rattan, rubber, or bakelite rods
or strips. In using the vibs and binding

o"ds‘ the cross sectional dimensions of the
ombined ribs and binding cords may be de-
tcr mined in order that when the coil is ap-
plied to a support either internally or exter-
nally of the coil, the coil will be held in effec-
tive spaced rela ation to the support. Further-
more, by the employment of the rih and bind-
ng cord the distance between the turns of
the coil may be determined by the cross sec-
tional arveq of the binding cord and, of couise,
the distance between the turns will be
changed according to tlie: diameter of the
bmdmtr cord.

IIaun(r now described my invention what
I clann ist—

1. A toroidal coil comprising a conductor
having turns whose peripheral portions are
located side by side and inner portions of
groups of turns adjacent, means securing the
outer turns together and spaced apart, and
means securing s said groups of turns together
and spaced apart from other groups.

2. A toroidal coil comprising a conductor
havmw turns whose peripheral portions are
located side by side and inner portions of
groups of turns adjacent, and means secur-
ing turns of each group together radially
and spaced’ apart with the groups spaced
apart.

3. A coil for electrical purposes compris:
ing a conductor having turns, a rib extend-
ing at appr oxnmtely right angles to the
turns, and means between the sevexal turns
encircling the conductor and rib for securing
the conductor to the rib.

4. A coil for electrical purposes COIIII)Ii*~
ing a conductor having turns,a rib extending
amally of the turns of the coil, and a binder
embracing a turn of the coil and rib for se-
curing- the turn to the rib and holding the
turn of the coil in spaced relation to other
turns of the coil:

5. An electrical element comprising a con-
ductor having turns, a rib m.tendmg at ap-

proximately right angles-to the -turns, and

bindings looped across the turns and around
said rlL holding the turns in spaced relation
to onc another "

6. A coil comprising a - conductor having
turns whose peripheral portions are located
side by side circumferentially and whose
turns are arranged in groups at the inner
portions, a vib e\tendmrr through the turns
at the peripheral- porLlon of the coil, means
extending between the turns for securing the
coil to the rib and spacing the turns J,I)‘llt
the turns of each group beéing spaced from
each other, ribs extending between the turns,
respective means for securing the turns of
each group to a respective rib and in radial
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alinement and for ‘holding the groups in

spaced relation to one another. - .

7. A coil comprising a conductor having
turns ‘whose ‘peripheral portions are located
side by side circumferentially and whose
turns are arranged in groups at the inner
portions, a rib extending through the turns
at the peripheral portion of the coil, means
extending between the turns and around the
turns of the coil and the rib for securing
the coil to the rib and spacing the turns apart,
the turns of the several groups being radially

alined, and means for securing the said alined

turns in spaced relation to each other and in
spaced relation to turns of the other groups
of the coil. ‘ '

8. A coil for electrical purposes compris-
ing a conductor having turns, a.rib extend-

ing axially of the turns of the coil; a binder

5

embracing a turn of the coil and a rib for 2

securing the turn to the rib and holding the
turn of the coil in spaced relation to other
turns of the coil, the cross sectional dimen-
sion of the rib and applied binder deter-
mining the distance that the coil will be held
from a support to which the coil may be ap-
plied. e

9. A coil comprising a conductor and turns
adjacent, a rib extending axially across the

turns, and a binder looped across said turns :
and around said rib and spacing said turns
.apart.

10. An electrical element comprising a con-
ductor having turns, ribs extending across the

turns in spaced relation to each other, and :

binders looped around the turns and around
said ribs spacing the turns apart. -
~ALLEN D. CARDWELL,
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