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is invention relates to coils for relays and 
other 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 talephone Systems with their two 
WindingS Colinected to the tip and ring conductors 
of the talking circuit and it is essential for quiet 
Speech tiransnission that there shall be as Small 
an inductive unbalance betWeein the two Windings 
as possible. Unbalances in relays now in general 
uSe have been found to be as high as 25 micro 
ailperes per Volt. W 
Three different types of double wound relays 

and reliardation 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 Seccind type heretofore employed com 

prises two concentric Windings each extending 
over the full length of the Winding space. The 
chief advantage of this Winding arrangement is 
the simplicity of nanufacture, while the chief 
disadvantage is the rather poor balance under 
Wallied conditions of permeability of the mag 
netic structure. If a perfect magnetic structure, 
that is, Oile whose permeability approaches in 
finity, be 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 of 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 because 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 balance 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 unsatisfactory for most types of 
transmission circuitS. 
The third type is knoWn as Sandwich Wound 

and comprises three concentrically disposed 
Wiindings, each extending over the full length of 
tie Winding Space. The inner and outer Wind 
iings have an equal number of turns and are 
Coanected in Series to in effect constitute a single 
priitary Winding and the middle or Secondary 
Winding has a number of turns equal to or sub 
Stantially equal to the Sun of the turns of tile 
otiher tWO Wildings. It is obvious that a coil 
Wound in tilis 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 Sardwich type coil than with the tandem or 
With the two concentric winding coils. If the 
Coil is provided With primary and secondary 
Windings having an equal number of turns and 
tin CSe Of the primary Winding are equally divided 
between the inner and outer windings, the pri 
nary 2id Secondary WindingS are Well-balanced 
provided that the magnetic structure has high 
permeability, but not so well balanced if the per 
meability is low. In general this Winding ar 
rangement Cf the coil is poorly balanced for high 
Values Ci direct current Saturation. If the inner 
and Outer WindingS Constituting the primary 
Wilding have equal turns and the iaiddle or sec 
Ondary Winding has about one per cent less turns 
than trie sum of the turns of the other two wind 
iings, a better galance 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 With this type of coil is still pOSSiple and 
desirable. 

In a CCOrdaice 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 middle 
or secondary winding has a number of turns 
equal to the sum of the turns of the other two 
Windings. Also the Sun. Of the direct current 
resistances of the inner and Outer Windings 
equals the resistance of the middle winding. 



2. 
Referring now to the drawing, 
Fig.1 shows a coil, partly in CrOSS Section, haW 

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 iia aecordance with the present 
invention meet the following four conditions 
which are necessary in order to illiStre optinuin 
balance, namely: (1) perfect core balance, 
(2) air core balance; (3) symmetry of the pri 
imary and secondary windings along the length of 
the magnetic structiire and, (4) direct current 
resistance balance. Fig. i. illustrait 
Wound in accordance With the i 
ed on a core 2 and having t 
and 5 wound concentrically 

iOil Clints 
i.ee Windigs S, 

The numeral 3 designates tha inner Wiriciiig, G 
the middle or secondary winding and 5 the outer 
winding. Wiridings 3 and 5 are connectable in 
series to constitute the piiriaiy windirig of the 
coil. 

If 1, 2 and 3 be assified to ie title ingtict 
ances, N1, N2 and N3 be assurned to be the fitti:ier 
of turns of the windings 3, aii 5, espectiv 
and c13 the coefficient of cotipiiiig between the 
inner winding 3 and the outer winding 5, the 
condition for balance is expressed by tie follow 
ing equation: w 

- Lt.--L3'-- 2k13 WLL=I g: 
ficv let ii-c.1212, L2=azing aid L3=0.3Ns where 
ci, c2 and ox3 are determined by the dinensions 
of the windings and by the riiagnétic. Structti'e. 
Substituting these values in Egitatigii i, the 
following equation is obtained: 

cy, Ni2+ as Na+2kisN,Navarias- og N. 
If the core be perfect cyliseggae c3 arid c13-ei, then 
Equation 2 redtices to - 

N2=N1+N3 (3) 
Substituting Equaticii. 3 in Equation 3, resi'- 

es a coil . 

is . 
8.i.d positioned on . 

the core 2 between the fiber spool heads G and 2. 

(1) 

2,826,053 
such as have been determined by the United 
States Bureau of Standards. If as expected the 
Substitution of these Values in Equation 4 does 
not yield the original assumed value of 

N 
N. 

additional trials must be riade entil the com 
puted and assumed values substantially agree. 
Since the primary and secondary windings are 

eoncentric and wound to the same length, they 
are obviously symmetrical along the length of 
the magnetic structure and, therefore, meet the 
third aforementioned condition. . 
The direct current resistance of the primary 

5. and secondary 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 non-inductive turns of resistance 
wire. . . . 
The improved winding arrangement has been 

applied experimentally to a battery supply relay 
coil for use in a transinission circuit of 

25 by step telephone Systeia where a higi 
of longittadirial balance is rectired. Fron a 
circuit operation - Saadipoint it is regised that 
the relay windings have a total arber of turns 
between 10,000 and 1,000 and a total direct cur 
rent resistance Rdc between 360 and 4.8 kins, 
these objectives to be secured With an apiexi 
mately full wound coil spool. . . . . . . 
A single approximation alace in accordance 

with the method hereinbefore deseribed indi 
cated a Valle for 
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Nil 2 
N, 3 

Since the formulae referred to 
40 ly accurate to deteriline 

- N 

N. 
precisely, the optiii) in Vallie has been deter 
nied experimentally by Eneasuring the tenbal 

are : at Stificietit 

ranging and solving for 25 .. s 
anee of a few relays the coils of which were 

N. wound with different values of 
Ns N 

the foilewing equistigii is secured: N, 

Ni-92 kiaveries-- s/kisayag- 2kisagvada-afog--alog-logo.g. (ii) 
N ... - (a1- ag). m 

m ... r ----' - a il. With a ... . . tiS sti To satisfy both conditions 1 and 3 hereibefore each coil with a total of 11,000 turns and with 
referred to, it is recessary for 

- N: 

to have the vaius given gy Egliation 4 Wine: the 
factors c13, c.1, e2 and ty: have their air Core 
values. Since these factors are constant only. 
for a particular set of dimensiens, it is neces 
sary to Solve for - . . . 

N 
N - 

by a process of successive approxiinationis, in 
the design of relays or reta'd coils other re 
quirements listially fix the nurnber of tiris. 
The usual procedure is to assume 2, value of 

N 
which with the total number of tui is fixes iN1, 
Ng and N3. Further assumption of the wire 
gauges fixes the dimensions so that the four 
factors may be computed by means Cf. fontulae. 5 

No. 34 enamel covered wire for the inner wind 
ing, No. 33 enamel covered wire for the middle 
winding and No. 32 enamel covered wire for the 
outer winding. The specifications for the five 
coils are expressed in the following table: - 

5 5 

. & Secondary 
-60. Primary vinding - winting 

middle 
iCo ------ 

iner Outer 'To 1 and 7 
- -- - - N. R. 

65 Ni Rao Na Rao Nri-Na Rao 

623,490 1875,500 199 5,500 194 
: 3, 100 123 5,500 197 5,500 97 

i5 3,050. 22.5, 590 1975,500. 97 
77 3,000 120: 5,500 1975,500 99 
8U 2,900 - 1165,500 1985,500 200 

O * - 

The curves of Fig. 2 have been plotted from 
values of longitudinal tinbalance for each of the 
five experimental relay coils over the voice fre 
euency for 0 and 100 milliamperes direct cur 
rent satiration. From these curves it will be 

  



2,326,053 
noted that the minimum unbalance occurs at ap 
proximately N1=r:2400 turns. As might be ex 
pected the minimum for 0 millampere saturation 
is less Well defined than for 100 milliamperes sat 
uration since the former conditions more nearly 
approximate the perfect core in Winich the bal 
ance is independent of 

N 
N 

No.2-ki3 vo.103-E virala. -- 2kgovere - Cycas 
N 

It has thus been demonstrated that the minimum 
unbalance Inay be secured by propertioning the 
turns of the inner and outer windings so that 
the Outer Winding has the greater number of 
turns. 
What is claimed is: 
1. A coil for relays and similar devices having 

three concentric windings, the inner and outer 
Of Which have an unequal number of turns and 
are connectable in series to form a primary wind 
ing and the middle winding serving as a second 
alry winding and having a number of turns equal 
to the sum of the turns of the inner and outer Windings. 

) 

2 

3 

O 

25 

S 
to form a primary winding and the middle Wind 
ing serving as a secondary Winding and having 
a number of turns equal to the Sum of tine turns 
of the inner and outer windings. 

6. In an electromagnetic device, a magnetic 
structure and a coil having three concentric 
windings of coextensive length, the inner and 
Outer of which have a ratio of inunber of turns 
derived by the formula 

ck cyli agg3 
------- (a-c) 

in which a1, ox2 and a 3 are deteriniined by the di 
mensions of the windings and by the magnetic 
structure and k13 is the coefficient of coupling be 
tween the inner and outer windings, said inner 
and Outer windings, being connectahle in series 
to form a primary winding and the middle wind 
ing serving as a secondary winding and having 
a number of turns equal to the Sulm of the turns 
of the inner and Outer windings. 

7. In an electronagnetic device, a magnetic 
structure and a coil having three concentric 
windings, the inner and outer of which have a 
ratio of turns derived by the formula, 

Nilo-k;3 vo.1c3+. wks'ao. -2k13 avoiag-cy; cys-- c.102 -- aga's 
N, 

2. A coil for relays and similar devices having 
three concentric windings of coextensive length, 
the inner and outer of which have an unequal 
number of turns and are connectable in Series 
to form a primary winding and the middle wind 
ing serving as a secondary winding, and having 
a number of turns equal to the sum of the turns 
of the inner and Outer windings. 

e) 

3. A coil for relays and similar devices having 
three concentric windings, the inner and Outer 
of which have an unequal number of turns and 
are connectable in series to form a primary wind 
ing and the middle winding serving as a second 
ary winding, and having a number of turns and 
direct current resistance equal to the sum of the 
turns and the sum of the resistances, respec 

(cyl-cy). ------ 

in which a1, C2 and as are determined by the di 
mensions of the windings and by the magnetic 
structure and c13 is the coefficient of coupling 
between the inner and outer windings, said inner 
and outer windings being connectable in series 
to form a primary winding and the middle wind 
ing Serving as a, Secondary Winding a having 
a number of turns and direct current resistance 
equal to the Sun of the turns and the Sun of the 
resistances, respectively, of the inner and Outer 
windings. 

8. In an electromagnetic devica, a magnetic 
Structure and a coil, having three concentric 
windings of coextensive length, tha inner and 
outer of which have a ratio of number of turns 
derived by the formula 

N cy2- k18w CCy3 wks'aos- 2kigayaca- ojos-- ox1a2 -- o2O3 
N 

tively, of the inner and outer windings. 
4. A coil for relays and similar devices having 

three concentric windings of coextensive length, 
the inner and outer of which have an unequal 
number of turns and are connectable in Series 
to form a primary winding and the middle wind 
ing serving as a secondary winding, and having 
a number of turns and direct current resistance 
equal to the sum of the turns and the sum of the 
resistances, respectively, of the inner and outer 
windings. 

5. In an electromagnetic device, a magnetic 
structure and a coil having three concentric 
windings, the inner and outer of which have a 
ratio of number of turns derived by the formula 

r 

60 

6 5 

(cy1 - o:2) 

in which a1, a2 and ox3 are determined by the di 
mensions of the windings and by the magnetic 
structure and k13 is the coefficient of coupling 
between the inner and outer, windings. Said inner 
and outer windings being connectable in series 
to form a primary winding and the middle wind 
ing serving as a secondary winding and having 
a number of turns and direct current resistance 
equal to the sum of the turns and the sum of 
the resistances, respectively, of the inner and 
outer windings. 

9. A coil for relays and similar devices having 
three concentric windings, the inner of which has 
approximately two-thirds as many turns as the 
Outer Winding, Said inner and outer windings be 

N-a2- kisva 103-E w kigoyag- 2kigov aios- ogia 3-- oriog - a 2a3 
(a1- a) 

in which a1, a2 and as are determined by the di- 70 ing connectable in series to form a primary wind 
mensions of the Windings and by the magnetic 
structure and ki3 is the coefficient of coupling 
between the inner and outer Windings, said inner 
and outer windings being connectable in series 5 

ing and the middle winding serving as a second 
ary winding and having a number of turns equal 
to the Sum of the turns of the inner and outer Windings. 

CHARLES M. MORRIS, 

  


