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This invention relates to ceils for relays and
cther types of inductive apparatus and has for
its object the securing of a high degree of longi-
tudinal inductive balance.

Relays with two windings are used in large
numbers in tzlephone systems with their two
windings connected to the tip and ring conductors
of the talking circuit and it is essential for quiet
speech transmission that there shall be as small
an inductive unbalance between the two windings
as possible. Unbalances in relays now in general
use have been found to be as high as 25 micro-
amperes per volt. :

Three different types of double wound reiays
and retardation coils have been used heretofore,
the first, of which is the tandem or front and rear
winding type consisting of two coaxially adja-
cent windings each of which occupies the entire
depth and approximately one-half the length of
the winding space. Assuming that the two wind-

ings have an equal number of turns and similar

dimensions, as is usually the case, it is obvious
that the inductive balance is perfect provided
‘that the magnetic structure is symmetrical
lengthwise with respect to the two. windings.
However, practical considerations usually pre-
scribe an unsymmetrical structure in which case
the inductance of the two windings is inherently
unbalanced. With any such actual structure,
the effective symmetry and therefore the in-
ductive unbalance are functions of the applied
saturation.

The second .type heretofore empleyed com-
prises two concentric windings each exfending
over the full length of the winding space. The
chief advantage cf this winding arrangement is
the simplicity of manufacture, while the chief
disadvantage is the rather poor balance under
varied conditiocns of permeability of the mag-
netic structure If a perfect magnetic structure,
that is, onne whose permeability approaches in-
finity, ke assumed, it is then obvious that the
inductive balance approaches perfection if the
windings have an equal number of turns since
all of the flux links all of the turns cf each wind-
ing. When, however, the permeability of this
type of structure is unity, that is, when an air
core is used, the inductive balance is poor since
the inductance of the outer winding is greater
than that of the inner winding bacauss the for-
mer has a larger radius. With the magnetic
core material now used in relays of this type and
with the various conditions of direct current sat-
uration encountered, the inductive halance will,
of course, lie between these two extremes. ‘In
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general, however, the permeability for such re-
lays will be no greater than ten even at the low-
est voice frequencies encountered and the bal-
ance will be unsatisiactory for most types of
transmission circuits. .

The third type is known as sandwich wound
and comprises three concentrically disposed
windings, each extending over the full length of
tixe winding space. The inner and outer wind-
ings have an eqgual number of turns and are
connecied in series to in effect constituie a single
primary winding and the middle or secondary
winding has a number of turns equal to or sub-
stantially equal to the sum of the turns of the
other two windings., It is obvious that a coil
wound in this manner is more symmetrical radi-
ally than the coil with two concentric windings
and is more symmetrical lengthwise than the coil
with tandem windings. In general therefore
with any practical magnetic structure, a higher
degree of inductive balance may be obtained with
the sandwich type coil than with the tandem or
with ithe two concentric winding coils. If the
coil is provided with primary and secondary
windings having an equal number of turns and
those of the primary winding are equally divided
between the inner and outer windings, the pri-
mary 2nd secondary windings are well-balanced
provided that the magnetic structure has high
permeability, but not so well balanced if the per-
meabiiity is low. In general this winding ar-
rangement of the coil is poorly balanced for high
values ¢f direct current saturation. Ii the inner
and outer windings constituting the primary
winding have equal turns and the middle or sec-
cndary winding has about one per cent less turns
than the sum of the turns of the other two wind-
ings, a betier balance is secured since the in-
ductances of the primary and secondary wind-
ings are more nearly equal at average values of
direct current saturation, but an improvement in
balance withh this type of coil is still possible and
desirakle.

In accordance with the present invention, a
higher degree of inductive balance is secured by
providing an improved type of sandwich wound
coil in which the inner and outer windings which
constitute a single primary winding have, in gen-
eral; an unequal number of turns, and the middie
or secondary winding has a number of turas
equal to the sum of the turns cf the other two
windings. Also the sum of the direct current
resistances of the inner and outer windings
equals the resistance of the middle winding.




“.-anees, N1, Nz and N3 be a.,sur*’i.‘éd 16 be the
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‘Referring now to the drawing,
Fig. 1 shows a ¢oil, partly in cross section; hav-
ing its three windings proportioned in accord-
ance with the invention, and- : :
Fig. 2 shows curves graphically illustrating the
longitudinal unbalance of variously wound coils.
Coils wound in aecordance with the present
invention -nvest the following four conditions
which are necessary in order to inmsure optimum
balance, namely: ' (1Y perfect  core balance;
(2) air core balance; (3) symmetry of the pri-
- mary and secondary windings along the length of
the magnetic structure ang, (4) direct current
resistance balance. Fig,
wound in accordance with
ed on a core 2 and having thees wi
and- 5 wound concentrically

S
the

ion mmnw

The numeral 3 designates the inner windifig, &
the middle or. secendary winding and 5§ the outer
winding. Windirigs § and g are C""ﬂl’lcuta')le in
series fo cunumtuﬁb primary winding o the
coil. )
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of turns of the windings 3, 4 and 4, 1éSpecn
and kiz ‘the coefficient of colipliiig” hetween the
inner winding 3 and the outér windiig §, the
condition fo* balance is exp; esséd by the follow-
ing equauon

LITLg-i- Sy Dl = Ly -

Now let I u—m 2 Lo=walNs? a7d Lp=oilV4? W’ﬂ e
a1, a2 and a3 are deéterininéd by the dimension
of the windings and by the magnsti .
Supstituting  theésé values in mluat‘o { i, the
followmg equatloﬁ is obtamed ;

alle—{"&gAT 2+ 27013N1 ox/a}as—aaN 2

If th2 cote be perfew ai=as==a3 arrd k1 3_2, thén
vquatlon 2 vediices to

Ne=N14N3

Suostltutmg Eqtation -3 In Equa 'tro‘d'z', régy-
vanging and scflvmcr for ; - :

the fellewing -equation iy se’e‘urecl'

1 iHustrates aceil {4

dings &, & ©
snd positiened on -
the core 2 between the ﬁber spoothends § ang 1.
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such as have been determmed by the Umted
States Bureau of Standards. If as expected the
subgtitution of these values in Equaticn 4 does
not yield the original assumed value of
5 : Ny
: Ny
additional -frials must be niade wntil the com-
puted and assumied values substaitially agree.
Since the primary and secondary windings are
eoncentric and wound to the same length, they
are obviously symmefrical along the length of
the magnetic structure and, therefore, meet tnu
third aforementioned condition.

‘The direct current resistance of the nmmaxv’
and seeondary windings may be approximately
balanced to meet the fourth condition by select-
~ing the proper wire gauges for each of the three
windings. If this is not sufficiently close the
“direct current resistance may be balanced by
20 adding a few neon-inductive furns of resistance
- wire. o .
The 1mprmed winding arrangcmem has been
applied experimentally to. 2 battery suprly relay
coil for use in a transmission circuil of the step-
by step telephone system where o highi degree
“of longitudinal balance is- regrred.  From a
circuit operation standpoint it is regiired that
thie relay windings have a total number of turns
between 10,060 and 11,608 and = total girect cur-
rent resistance Rde between 360 and 448 ohms,
these objectives to be secured wi tn an apprexi-

- mately full wound coil spool. .
CA single capproximation
‘with the method hereinbefore.
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made in accordance
dese ub,eu ndi-
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cated a value for B
R B N_2
- - N3 o
‘Sinice the fornurutae referred to are not sufficient-
40, Iy accurate to determine S
N;

precisely, the. coplimum value kas been -deter-
4'5‘mined experimentally by measuring the unbal-
gnce of a few relays the coils of which were
_wound with different values of
N
N

Ni_on— 7»131/ cibly "/ Iuis“m% = 2k13a2\/ o o +061042 + o .
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a1d 2 hereinbe

Nao
To sa sty both conditions 1
) xefened to, it is neGSSSary for
) Nl
- N
to have the vaiuz given by Equdtion 4 when the
factors ki3, «i,; &2 and ws have their air core
values.
.for o particular set of dlm.,ngmns, it is neces-
sarj tosolvefeor .

fore

Nx
N

by a process of suecessive appro‘rnmaumna. ‘
the ‘design of relays -er rétdrd ‘coils ‘other. re-
quirementbs ustslly fix the: nuinber of. turns.
The- usual procedure i3 to -assume a value of

3 e Rk T
YIS TIHES NG,

which with the total nuinber of i
Ne.and N3 Further ‘gssuniption of the wire
gailges fixes the.- @intenzions so that the four
factors may he computed by medns cf formillae

Since these facters are constani only.

in -
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each coil Wlt”l a uotal 0f 11,000 turns and with
‘No, 34 enamel covered wire for the inner wind-
ing, No, 33 enamel covered wire. for the middie
winding -and No. 32 enamel covered wire for the
outer winding. The specifications for the five
colls are expressed in the follewing tahle: ’

4
w

L L ) Seconoary

-60.- Primary winding - winding

- ‘midéle

‘Coil - - -
. Iiner Outer Toland7 . s
— s ——=| Ng"| Ree
65 Ni |-Rae | N 7 Rao [NitNal Rao

. 62| 3,400 | 137 | 5,500 100 | 5,500 104
71_% 3,100 "123'| 5,500 | '197 | 5,500 167
475 | 3,050 1. 192°| -5, 500 197 | 5,500 107
77| 3,000 | 120: 5,500 197 -1 5, 500 149
80 [ 2,500 | 116°| 5,500 | 196~ '5, 500 {1 260

curves ‘of Fig.'2 have been plotted ?f-rom
of longitudinal ‘unbalance for.each ‘of the

. 'The
values
“five: experimental velay colls ‘over the voice fre-
-quenicy-for 0 and 100 millismyperes direct cur-

rent - sgturation. From {hege-curves it will ke
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noted that the minimum unbalance occurs at ap- to form a primary winding and the middle wind-
proximately N1=2400 turns. As might be ex- ing serving as a seccndary winding and having
pected the minimum for 0 millampere saturation a number of turns equal to the sum of the turns

is less well defined than for 100 milliamperes sat- of the inner and outer windings.
ration since the fcrmer conditions more nearly 5 6. In an electromagnetic device, a magnetic
approximate the perfect core.in which the hal- structure and a coil having three concentric
ance is independent cf . windings of coexfensive length, the inner and
Ny outer of which have a ratio of number of turns
N derived by the formula

N kg oo+ V o — 2byary ciog — enas -+ s+ s
N3 )]

It has thus been demonstrated that the minimum in which a1, a2 and o3 ave determined by the di-
unbalance may be secured by propertioning the mensions of the windings and by the magnetic

turns of the inner and outer windings so that *° structure and ki3 is the coefficient, of coupling he-
the outer winding has the greater number of  tween the inner and outer windings, ‘said inner

turns. . . and outer windings, being connectahle in series
What is claimed is: to form a primary winding and the middle wind-

1. A coil for relays and similar devices having s ; o s .
. R SO P ing serving as g secondary winding and having
three concentric windings, the inner and outer 20 = g a ¥ = LTS

of which have an unequal number of turns and a numper of turns equa._l tO. the sum of the turns
are connectable in series to form a primary wind-  °f the inner and outer windings. )
ing and the middle winding serving as a second- 7. In an electromagnetic device, a magnetic
ary winding and having a number cof turns equal structure and a coil having three concentric
to the sum of the turns of the inner and outer 25 windings, the inner and outer of which have a
windings. ' ratio of turns derived by the formuls

Ny _as—kgvayon 1/7€132a1a3—-2k13aﬂ/ oo —ayes - aron - anag

Ny (011—"042)

2. A coil for relays and similar devices having in which o1, «2 and oz are determined by the di-
three concentric windings of coextensive length, mensions of the windings and by the magnetic
the inner and outer of which have an unequal structure and ki is the coefficient of coupling
number of turns and are connectable in series between fhe inner and outer windings, said inner

to form a primary winding and the middle wind- “° and. cuter windings being connectable in series
ing serving as a secondary winding, and having to form a primary winding and the middle wind-
& number of turns equal to the sum of the turns ing serving as a secondary winding and having
of the inner and outer windings. a number of turns and direct current resistance
3. A coil for relays and similar devicez having 29 €qual to the sum of the turns and the sum of the
three concentric windings, the inner and outer resistances, respectively, cf the inner and outer
of which have an unequal number of turns and windings.
are connectahle in‘series to form a primary wind- 8. In an electromagnetic devics, 3 magnstic
ing and the middis winding serving as a second- structure and a coil having three concentric
ary winding, and having a number of turns and 5 windings of coextensive length, ths inner and

direct current resistance equal to the sum of the outer of which have a ratio of number of turns
turns and the sum of the resistances, respec- derived by the formula

Ni_ eo—kuwvaies L " Faetaay

3 (al_aﬁ)
tively, of the inner and outer windings. in which a1, a2 and «3 are determined by the di-
4. A coil for relays and similar devices having mensions of the windings and by the magnetic
three concentric windings of coextensive length, structure and ki3 is the coefficient of coupling

the inner and cuter of which have an unequal ;5 between the inner and outer. windings, said inner
number of turns and are connectable in series = and outer windings being connectable in series

to form a primary winding and the middle wind- to form a primary winding and the middle wind-
ing serving as a secondary winding, and having ing serving as a secondary winding and having
a number of turns and direct cuirrent resistance a number of turns and direct current resistance
equal to the sum of the turns and the sum of the _ equal to the sum of the turns and the sum of .

. Tesistances, respectively, of the inner and outer °Y the resistances, respectively, of the inner and
windings. outer windings.

5. In an electromagnetic’ device, a magnetic 9. A coil for relays and similar devices having
structure and a coil having three concentric three concentric windings, the inner of which has
windings, the inner and outer of which have a 65 approximately two-thirds as many turns as the
ratio of number of turns derived by the formula outer winding, said inner and outer windings be-

Ni_ay—kuvaia £ ‘\/k132a1a3 —2kseny aroy— o+ arcn +epay

s (1—as)

in which a1, «2 and «3 are determined by the di- 70 ing connectable in series to form a primary wind-
mensions of the windings and by the magnetic  Ing and the middle winding serving as a second-

; : ‘ ary windine an. .
structure and s is the coeffclent of coupling (% CTUR ERC bAvng @ humber of turns equal
between the inner and outer windings, said inner windings.

-1

S

and outer windings being connectable in series CHARLES M. MORRIS.




