April 26, 1949, H. H. SCHWARTZ 2,468,308
RELAY CIRCUIT
Filed May 24», 1945

FIG. 1

m
xe
i
i
L.
+

FIG 2
.t 2 :%4 <4 +
2l _ (Rz) 5 —:L7m4ﬂc
Bj d —1

. INVENTOR
H.H. SCHWARTZ

PG Srich

ATTORNEY -

-1




Patented Apr. 26, 1949

2,468,208

UNITED STATES PATENT OFFICE

2,468,308
RELAY CIRCUIT

Harry H. Schwartz, Montreal, Quebec, Canada,
assignor to Western Electric Company, Incor-
porated, New York, N. Y., a corporation of New

York

Application May 24, 1945, Serial No. 595,517
(CL 175—320)

4 Claims.
1

This invention relates to relay circuits and
more particularly to circuits in which relays may
be continuously energized.

The invention is particularly concerned with
relays which operate on the flux neutralizing
principle, that is a relay which is normally en-
ergized through one winding to hold a pivoted
armature in one position and is operatively en-
ergized by two windings, the flux in one of which
serves to neutralize the flux in the normally en-
ergized winding and in the other of which serves
to move the armature into its alternate position.

In accordance with the present invention,
means is provided to permit continuous energiza-
tion of such a relay to hold the armature in either
position.

More particularly the invention provides a re-
sistance in series with both energizing circuits
of such value as to prevent the relay from over-
heating.

The invention will be more clearly understood
from a consideration of the following detailed
description in connection with the drawing in
which:

Pig. 1 shows a known relay adapted for inter-
mittent operation; and

Pig. 2.shows a similar relay adapted according
to the present invention for continuous operation.

The relay of Fig. 1 has a core | having three
pole-piece legs, 2, 3 and 4. Windings 5 and ¢
are wound on leg 2 and winding 7 is wound on
leg 4. Winding § is energized from source E when
switch 8 is closed while windings 6 and 7 are en-
ergized in series from source B’ when key 9 is
operated. The armature 10 is pivoted at the point
{1 and controls two contacts 12 and 13. Switch
$ is normally closed to hold armature 10 against
leg 2 and close contact 3. The flux generated
in winding 6, when key 98 is operated, opposes
that in winding §, neutralizing the attraction of
leg 2 on the armature 10 and permitting winding
1 to attract armature {0 against leg &, to close
contact (2.

This arrangement has the advantage that there
is a magnetic holding force in both positions and
therefore the armature is held securely in either
Dbosition, since the mangetic force is greatest when
the displacement is least. Such a relay operates
very well in locations subject to vibration.

To adapt such a relay to function with either
a single winding or all three windings energized
& number of factors must be considered.

The necessary mathematical calculations are
based on. four fundamental relationships ex-
pressed in equations, all of which appear in or are
readily derived from equations appearing in Sec-~
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tion 5 of the Standard Handbook for Electrical
Engineers, Seventh edition, published by McGraw
Hill Book Company, Incorporated 1941.
These equations are:

__lan
V="% M

in which

V=the volume available for winding
I=length of a mean turn of the winding
n=number of turns on the winding
a=cross-sectional area of the wire
S=space factor of the coil winding

“rln
B=—="

in which ¢, n and a are defined above and

R=total resistance of the winding
r=specific resistivity of the coil conductor

H=knl
in which n is defined above and

H=ampere turns per inch

I=coil current in amperes

k=a constant or factor of proporticnality
- .

P=%
in which R is defined above and
P=coll dissipation in watts
E=applied voltage in volts.

Equations 1 and 2 may be combined to eliminate
the factor a, resulting in :

@

(&)

@

_rbn?

=V3 (5)
Equation 3 from Ohm’s law may also be written
knE )
H="% ©
and similarly Equation 4 may also be written
P=DIR (4]

From Equation 5 may be derived a value for n,
- [RVS
n=y/ ®)
Bubstituting (8) in (8)

LE
H-F

T ®)

and combining (9) with (4)

k [P
Hey =

(10
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As pointed out in the Handbook, above re-
ferred to, total flux density across the pole face
of & magnet is directly proportional to the am-
pere turns, while the foree exerted is propor-
tional to the square of the flux density. There-
fore, the force, represented by F, may be ex-
pressed by

F=kH? (11}

where k: is another proportionality facter, or,
substituting (10) in (11)
' _kk P.V.8
B r
For convenience kik® may be represented by @
single proportionality factor ka.

From Equation 12 is may be readily seen that
for a given winding space, the force is directly
proportional to the power dissipated in the coil,
Hence to keep the temperature rise down when
the relay is operated continuously, some mcdi-
fication of the circuits over those shown in Fig.
1 is required. These modifications consist in
redesigning the coils and inserting a series re-
sistance as shown at R1 in Fig. 2.

Referring more particularly to Fig. 2, current
is supplied to the relay from a source having a
voltage E2. The windings 5 and & on core 2
may be assumed to have resistances Rz and Rs,
while the winding on core & has a resistance Ra.
With switch 8 closed to energize winding § and
hold the armature in the position shown, the
power in that coil may be expressed as P5§C.
With switch 14 closed to also energize windings
§ and 7 the current drain through windings &
and 1 increases the current and thereby the
voltage drop through resistance Ri, in turn low-
ering the voltage drop across coil § and hence
also lowering the power dissipated in it to &
value which may be expressed as P5d. If the
total power dissipated in coils § and € is limited
to the value P5C, the temperature rise should
be approximately constant for either condition
of operation. The power dissipated in coll 7
should be slightly greater than P5C to allow for
incomplete neutralization by coils § and 6 owing

. to individual coil variations. However, for sim-
plicity it will be considered equal to PSC for the
purposes of these calculations.

From Equation 7 and the well-known laws

. relating to resistances

P5C=(-RX—_E*_-’TE;)233 a13)

Thé combined resistance of the windings of
the relay as they appear in the circuits with both
switches 8 and 4 closed may be expressed as

_ Ra(Ry+Ry)
Re=R.tR:FE, (14)

Therefore the power dissipated in winding §
with both switches closed may be stated as

(12)

-

_( E:Rp )’ 1
Poi=(grte) & (15)
Similarly, the power dissipated in winding 6 is
~(rt) (@i =
ri=(zi%) (mim)Em 09
while the power dissipated in winding 1 is
g ( _E:RP )2( Ry 1L
Pu=(gik;) (mie)®m 0D
As stated above
P5C=P1d as)
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and from the design of the relay and the faét

that winding 8 must neutralize winding
P5d=P6d="3%PTd="Y%P5C 9)

Substituting the values of P6d and P7¢ from
Equations 16 and 17, in Equation 19, it results
that :

Ra=2Rs )

Similariy, substituting the values of P84 and
P7d from Eguations 15 and 17 in Equation 19 the
result is obtained.

Ry R3=(R3-+Rs)2 (21

Wherefore, using the value of Rs obtained in
Equstion 20

Ra=9R3 (22)

Substituting the values of P5C and P6d in Eque-
tion 19, results that

Rq 2/ RBe \
<R;+R»*“R2\R,+RP> (23)

From Equations 20 and 22 the value of Re
as defined in Eguation 14 may be obfeined in
terms of R3, that is .

_9Rs(R:+2Rs)
Er=9R.t Bt 2R, @5)
=2.25R; (26)

Employing this value of Re, Equation 24 mey
be restated ‘

(B HORs)

9R:=2.25V2 Ry o5 iy (27)
which may be readily solved to give
R1=144 R3 28

Therefore all of the resistance values for the
relay windings and series resistance have been
stated in terms of Ras.

Returning to Eguation 13 this equation may
now be stated as ' '

P5C= (#)29 R (29)
1.44R;+9R; 3
—0.032 2
=(),032 s (30)

For a known voltage, the proper resistance to
be employed for a desired power consumption may
easily be determined from Egquation 30. For ex-
ample, if & relay were desired which would use 5
watts at 30 volts,

0.082 )(530 X30 32)

* From the foregoing it will be apparent that a
single external resistance may be employed to
render the power, dissipated by a relay of the type
shown, independent of the number of windings
energized. :

What is claimed is:

1. A relay comprising two cores, two windings
on one of said cores, & single winding on the other
of said cores, 'a pivoted armature arranged to be
attracted alternatively by either core, a first cir-
cuit including one of said two windings for at-
tracting said armature to said one core, & second
circuit including the other of said two windings
and said single winding in series for attracting
said armature to said other core, and a common
resistance included in both circuits, the resistance
of said one winding, said single winding and said

Rs 14.8 ohms

75 common resistance being respectively substan-
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tially nine times, substantially two times and sub-
stantially one and one-half times the resistance
of said other winding.

2. A relay comprising two cores, two windings
on one of said cores, a single winding on the other
of said cores, a pivoted armature arranged to be
attracted alternatively and oppositely in a pivotal
sense by either core, a first circuit including one
of sald two windings for attracting said armature
to said one core, a second eircuit including the
other of said two windings and said single winding
In series for attracting said armature to sald other
tore, and a common resistance included in both
circuits, effective to prevetnt overheating of said
relay in either condition of attraction of sald ar-
mature, the resistances of said one winding, said
single winding and said common resistance being
respectively substantially nine times, substantial-
ly two times and substantially one and one-half
times the resistance of said other winding.

3. A relay comprising two cores, two obpositely
poled windings on one of said cores, a single wind-
ing on the other of said cores, a pivoted armsa-
ture arranged to be attracted alternatively and
obpositely in a pivotal sense by either core, a first
clrcuit including one of said two windings for
energizing said one core for attracting said arma-
ture to said one core, a second circuit including
the other of said two windings and said single
winding in series for substantially neutralizing the
energizing effect of said one winding on said one
core and for energizing said second core for at-
tracting said armature to sald second core, and
& common resistance included in both circuits, ef-
fective to prevent overheating of said relay in
either condition of attraction of said armature,
the resistances of said one winding, said single
winding and said common resistance being re-
apectively substantially nine times, substantially
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two times and substantially one and one-half
times the resistance of said other winding,

4. A relay comprising two cores, two oppositely
poled windings on one of said cores, a single wind-
ing on the other of said cores, a pivoted armature
arranged to be attracted alternatively and oppo-
sitely in a pivotal sense by either core, a first cir-
cuit including one of said two windings for en-
ergizing said one core for attracting said armature
to said core, a second eircuit including the other
of said two windings and said single winding in
series, said other winding provided for substan-
tially neutralizing the energizing effect of said

_one winding on said one core and said single wind-

ing for energizing said second core for attracting
said armature to sald second core, and a common
resistance included in both circuits, effective to
render the power dissipation by ‘said relay the
same when said first circuit is closed alone and
when both circuits are closed, the resistances of
said one winding, said single winding and said
common resistance being respectively substan-
tially nine times, substantially two times, and
substantially one and one-half times the resist-
ance of said other winding,
HARRY H. SCHWARTZ.
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