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2 Claims.

My invention relates, generally, to control sys-
tems and, more particularly, to voltage-respon-
sive relay control systems utilizing a relay to ef-
fect control functions-in' accordance with the de-
gree in voltage variation of a circuit or the de-
gree of unbalance between the voltages of two
circuits or different parts of the same circuit.

Heretofore, relays of the differential or bal-
ance type have been used to perform- various con-
trol functions in accordance with relative values
of voltage between two circuits by simply con-
necting the opposed or-differentially related op-
erating windings of the relay across the circuits
in series with a common resistor. While this type
of connection has been satisfactory to a certain
extent, it has been found that it is not altogether
satisfactory for the reason that it is not sensitive
to small variations in the voltages of the circults
and there are many applications which require a
high degree of sensitivity of control. This defect
is not only present in differential relay control
systems but also in systems employing a single
voltage responsive relay wheére it is highly desir-
able that the relay function quickly and. posi-
tively on a small voltage variation in its supply
circuit. :

Accordingly; it is-the object of my invention;
generally stated, to provide a relay control sys-
tem which-is simple and economical to mantufac-
ture and:-which has a high degree of sensitivity.:

A more specific' object of my invention is to
provide for magnifying the-degree of energization
of the operating winding of a control relay toin-
crease the sensitivity thereof in responseto small
voltage ¢hanges.

A further object of my invention is to provide:

for increasing the sensitivity of a voltage respon-
sive relay device by utilizing a conductive mem-
ber which has the inherent characteristic of
varying its resistance greatly with' current dens-
ity to magnify the operating current of the relay
in response to a predetermined change in the
voltage of its supply circuit.

A still further object of my invention is to pro-
vide for utilizing a current rectifier device of the
dry contact type to increase the sensitivity of a
relay connected to-effect control-functionsin re-
sponse to the variations in the voltage of an elec-
trie circuit to which it is connected.

Another cbject of my invention is to provide
for increasing the sensitivity and magnitude of
unbalance in g differential or'balance relay -con-
trol system by connecting a current rectifier de-
vice-of the dry contact-type in series with each of
the opposed operating windings of the relay.
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These and other objects of my invention will
become more apparent from the following de-
tailed description when read in conjunction with
the accompanying drawing wherein:

Figure 1 is a diagrammatic view of a circuit
simulating a balance relay control system illus-
trating’ the principles of my invention;

Fig, 2 is a diagrammatic view of a balance re-
lay control system embodying the principal fea-
tures of my invention;

Fig. 3 is a view illustrating relative degrees of
current unbalance in the opposed operating
windings of a balance relay with and without the
use of current rectifier devices connected in-the
circuits: of the windings:

In practicing my invention-in its basic forn a
current rectifier device or element: of the dry
contact type such, for example, as-a copper-oxide
rectifier, is connected in series circuit relation
with the operating winding or windings of the
relay so as to automatically increase or magnify
the current flow therein resulting from- a prede-
termined: change in the voltage of the circuit or
circuits to which the relay is conneeted.

Referring now to the drawing, there is illus-
trated a differential or balance relay control sys-
tem embodying the principles of the invention.
It is to be understood, however, that the princi-
ples'involved may be applied- to other forms of
relay control systems wherever it is desired toin-
crease the sensitivity of the relay to predeter-
mined voltage changes.

The principles of the invention are illustrated
best' in Fig. 1 wherein one circuit or a portion. of
a-circuit is represented by conductors 0 and |1
and another circuit or a part of the same- circuit
is illustrated by conductors 12 and 3, having
voltages E1 and Es, respectively, thereon.

If ammeters 14 and 15 are connected across
these circuits in series with a common resistor
16, which may be adjustable if desired; the cur-
rents It and' Iz; flowing in the ammeter circuits
will be proportional to the voltages E1 and Ez and
these currents will vary in direct proportion to
the:changes in the voltages'E: and'E;. When Ex
equals Ez the-circuit is- balanced and Tr equals Ia.
This is the usual condition found'in-a balance or
differential relay circuit.of the type used hereto-
fore:

I have discovered that this condition may: be
changed in an advantageous way- insofar as re-

lay operation is concerned by connecting into

each’of: the ammeter: circuits a device whose rel
sistance varies greatly with current density. The
most common example of a device of this kind
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is a current rectifler of the dry contact type or
a rectifier of the barrier layer type exemplified by
the copper-oxide rectifier.

Accordingly, if the copper-oxide rectifiers 7
and I8 are connected in the circuits of ammeters
14 and 15, respectively, a decided change occurs
in the performance of this circuit as indicated by
the curves of Fig. 3.

Fig. 3 shows the relative changes in the am-
meter currents resulting from changes in voltages
E1 and E2. In this instance current values are
plotted against per cent unbalance of the cir-
cuit. When the rectifier devices 11 and (8 are
eliminated from the ammeter circuits the current

variation is illustrated by the solid lines I and Iz, -

It being the current flowing through ammeter 14
and Iz the current flowing through ammeter (5.
If the rectifier devices 17 and 18 are connected in
the ammeter circuits, as shown in Fig. 1, the am-
meter currents for the same degree of unbalance
are illustrated by the dashed lines I and I..

Thus it will be apparent that the ammeter cur-
rents are magnified to a considerable extent for
the same degree of unbalance of the voltages E:
and Ez due to the functioning of the rectifier de-
vices 1T and 18. This functioning of the recti-
fiers is more pronounced in the low current
ranges where the current density is low and re-
sults from the inherent characteristics of the
rectifier of changing its resistance to a greater
extent than a corresponding change in the volt-
age.

A practical application of the principles of the
invention is illustrated in Fig. 2 in the form of a
balance or differential relay control system. In
this instance the ammeters (4 and (5 are re-
placed by the operating windings 19 and 20 of
the differential relay 21. This relay is of well
known construction comprising g pivotally
mounted member 22 carrying contact members
23 and 24 and which is actuated in opposite di-
rections by the armatures 25 and 26 in response
to the energization of the windings 19 and 20.

In the operation of this system when the volt-

ages E1 and Ei are equal, the currents flowing -

through the circuits of windings 19 and 20, 1. e,
currents It and Iz are also equal. When a vari-
ation or change occurs in either one or both of
the voltages E1 and E;, resulting in an unbalance
of the circuit, the resulting current change is in
general as illustrated in Pig. 3 and is the same as
explained in connection with Fig. 1.

Accordingly, it will be apparent that when the
Tectifler devices 17 and 18 are used the magnifi-
cation of the current change in the operating
windings 19 and 20 in response to g predeter-
mined change in voltage greatly increases the
sensitivity of the differential relay 21 causing it
to respond to smaller voltage variations than
would otherwise be possible.

The sensitivity of the system may be varied to
some extent by either inserting resistance in se-
ries with the rectifier devices 17 and 18 or chang-
ing their current density.

‘This improved operation of the relay not only
increases its effectiveness in control applications
where it is already in use, but increases its field
of application considerably. The increased sen-
sitivity of the relay without the use of expensive
and complicated auxiliary equipment adapts it
for use in applications where first cost is an im-
portant factor.

In view of the foregoing, it will be apparent
that the invention provides a simple and inex-
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pensive differential relay control system which
may be economically and readily applied to per-
form any desired control operation in response to
predetermined variations in voltage.

‘While the illustrated embodiment of the in-
vention constitutes a practical and useful exam-
ple thereof, it is to be understood that other em-
bodiments thereof may be made without depart-
ing from the spirit of the invention as defined in
the appended claims.

I claim as my invention:

1. The combination with a pair of direct-cur-
rent electric circults having one common conduc-
tor, of a balance relay having opposed operating
windings, a resistor, circuit means individually
connecting the relay operating windings across
sald eircuits through said resistor to render the
relay responsive to voltage differences of the cir-
cuits, said resistor being in series circuit relation
to both operating windings, and rectifier means
of the contact type connected in said circuit
means in series circuit relation with each of the
relay operating windings, each of said rectifier
‘means being connected to pass current from the
positive to the negative conductors of the electric
circuits in the low resistance direction of the
rectifier means, thereby to render the balance
relay more sensitive to the voltage differences of
the electric circuits as the result of the inherent
characteristics of the rectifier means of decreas-
ing their effective resistance to current flow in
accordance with current density and to a greater
extent than a corresponding change in voltage,
and the functioning of the resistor to vary the
current flow in one operating winding in response
to and in the opposite sense to a variation in the
current flow in the other operating winding.

2. The combination with a pair of direct-cur-
rent circuits comprising a common conductor of
one polarity and a pair of separate conductors
each of the same polarity but of the opposite po-
larity to that of the common conductor, of a bal-
ance relay having opposed operating windings,
circuit means individually connecting one termi-
nal of each of the relay windings to one of the
pair of conductors, additional circuit means in-
cluding a resistor common to both of the wind-
ings connecting the opposite terminals of the
windings to the common conductor, said common
resistor functioning to tie the circuits of the relay
windings together so that a variation in the volt-
age of either one of the direct-current circuits to
which they are connected not only produces a
change in the current flowing in the relay wind-
ing connected to that circuit but also broduces a
change in the current flowing in the other relay
winding connected to the other circuit in the
opposite sense due to the voltage drop in the
common resistor, and rectifier means of the type
having a variable resistance dependent upon
current density connected in series circuit rela-
tion with each of the relay windings to amplify
the current change therein to a greater extent
than a corresponding change in voltage, whereby
the balance relay is rendered more sensitive to
the voltage unbalance of the two circuits and its
unbalance magnified through the combined
functioning of said common resistor and the rec-
tifler means to produce a magnifled percentage
of unbalance between the currents flowing in the
relay windings in response to a variation in the
voltage of either direct-current circuit,
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