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10 Claims. (CI. 175-294) 
This invention relates to electrical devices 

which are responsive to a function of Voltage 
and current, and it has particular relation to 
directional relays which have a response designed 
to compensate for a drop in the voltage applied 
thereto. The invention further relates to re 
lays having both directional and overload chair 
acteristics. y 

In Patent 2,323,776, F. D. Johnson discloses 
a directional relay comprising two electrorespon 
sive units each having an Output or a response 
varying in accordance with the square of the 
energization thereof. These units are differen 
tially associated to provide a resultant output 
having a watt or directional characteristic. The 
units are energized respectively, in accordance 

... with the sum and difference of voltage and cur 
rent in an electrical system. With Which the 1e 
lay is associated. . . 

If the voltage applied to the Johnson relay 
drops excessively, the relay theoretically. Oper 
ates properly in response to severe fault currents. 
However, if the two units differ slightly in their 
characteristics, the differential effect resulting 
from heavy currents flowing therethrough, un 
der fault conditions, may prevent proper, opera 
tion of the relay. Since the voltage of the Sys 
tem may drop appreciably under severe faults, 
the watt response of the relay may be less than 
the response of the relay due to the structural; 
differences in the units. 

In such cases, improper operation may be 
avoided by utilization of a voltage regulator 
through which the Johnson relay is energized 
from the System. With such a regulator, a 
drop in voltage of the system under severe fault 
conditions does not result in an appreciable drop 
in the voltage applied to the relay. . . . 
In accordance with the invention, an electri 

cal device, such as a relay, is provided which, 
is based on the relay described in the aforesaid 
Johnson patent. However, the relay is so de 
signed that energizations derived from the cur 
rent flowing in an electrical system, with Which 
the relay is associated, provides compensation, 
for the drop in voltage of the system under severe 
fault conditions. To this end, the two arms of 
the relay which contain the electroresponsive 
units are energized differently by the currents 
of the electrical system with which the relay. 
is associated. In a preferred embodiment of 
the invention, the two arms have different in 
pedances; and, consequently, different currents 
flow therethrough in response to energization 
of the arms in accordance with current from 

() 

the associated electrical 
2 
System. A relay designed 

in accordance With the invention may respond to 
Small or large reversals in the direction of power 
flow, and in addition thereto, may respond to 
...excessive current foW in the aSSociated System 
in a forward direction. 

It is, therefore, an object of the invention to 
provide... an improved electroresponsive device 
Which is responsive to a function of the voltage 
and, current of an electrical System. 

It is a further object of the invention to pro 
Wide a 'directional electroresponsive device hav 
ing an overload response. . . . . . . . . 

It is also an object of the invention to provide 
it.W.O. opposed electroresponsive elements, which 
are energized respectively in accordance with the 
Sun and difference of voltage and current of 
an aSSociated electrical System, and wherein the 

20 
energizations. Of the elements due to the current 
'of the aSS0ciated electrical system are dissimi 
lar. . s . 

It is a still further object of the invention 
to provide a pair of differentially associated 
thermo-responsive units which have responses 
proportional to the square of their energizations 
and which are energized respectively in accord 
ance With the Sun and difference of voltage and 
Current of an associated electrical system, the 
energizations of the units due to the current of 
the associated electrical system being dissimilar. 
-Other objects of the invention Will be appar 

ent from the following description, taken in con- . 
junction. With the accompanying drawing, in 

3. 5 
which: 

Figure 1 is a schematic view of an electrical 
System having a relay associated therewith which 
embodies the invention; 

tion; and 

Fig. 2 is a graphical representation of the chair 
acteristics of the relay illustrated in Fig. 1; 

Fig. 3. is a graphical representation showing 
further characteristics of the relay illustrated 
in Fig. 1; x 

Fig. 4 is a schematic view of an electrical 
System having a further embodiment of a relay 
associated therewith which embodies the inven 

Figs. 5, 6 and 7 are schematic views showing 
various embodiments of relay units suitable for 
association with the systems illustrated in Figs. 
1 and 4. . . . . . . . . . 

Referring to the drawing, Figure 1 shows an 
electrical System which includes a source. of 
alternating electrical energy. This source may 
be a polyphase or single-phase source of energy; 

55 but, for the purpose of discussion, it will be as 
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sumed to be a single-phase source, operating at 
a frequency of sixty cycles per second. This 
source is connected through conductors 3 and 
5 to a suitable load 7. It will be assumed that 
the load 7 is capable of returning electrical en 
ergy to the source under certain conditions, 
and that such return of energy is objectionable. 
A circuit interrupter 9 is provided for control 
ling the connection of the load 7 to the Source . 
The circuit interrupter 9 has a tripping Sole 
noid associated there with. 
In order to control the tripping of the circuit 

interrupter 9, an electroresponsive control device 
i3 is provided which may take the form of an 
electrical relay having a fixed contact 5 and a 
movable contact 7 which is movable into and 
out of engagement with the fixed contact 5. 
These contacts control the connection of the 
tripping solenoid f across a battery 9, or other 
suitable source of electrical energy. 
The movement of the movable contact T is 

controlled by two electroresponsive elements or 
units 2 and 23. Each of these unitS has a re 
sponse proportional to the Square of the ener 
gization thereof. In Fig. 1, the units 2 and 23 
take the form of bimetallic elements, each having 
one end secured to a fixed supporting structure 
25. The remaining ends of the bimetallic ele 
ments engage a strut 27 which is secured to the 
movable contact . The strut 27 may have a 
pivotal engagement with the aSSociated bimetal 
lic elements for the purpose of permitting flexure 
of the elements. The bimetallic element 2 is 
disposed in response to heating thereof to urge 

, the strut 27 and the contact in the direction of 
the arrow 29, or to the right, as viewed in Fig. 1, 
into engagement with the fixed contact 5. The 
bimetallic element 23 is disposed, in response to 
heating thereof, to urge the strut 27 and the 
movable contact f in the direction of the arrow 
3, or to the left, as viewed in Fig. 1, for the pur 
pose of interrupting or preventing engagement 
of the contacts 5 and f. 

. Suitable connections are provided for energiz 
ing the bimetallic elements 2 and 23 from the 
associated electrical System respectively in ac 
cordance with the vectorial difference and sum of 
voltage E and current I of the electrical system, 
when power flows from the electrical source 
toward the load. 
energization of the bimetallic elements 2 and 23 
respectively in accordance with the sun of the 
voltage and current (E--I) of the associated elec 
trical system and the difference of the voltage 

; and current (E-I) of the associated electrical 
system, when power flows from the load T toward 
the source . To this end, a separate voltage 
transformer and a Separate current transformer 
may be provided for each of the bimetallic ele 
ments. However, it is desirable, for most appli 
cations, to employ a single Voltage transformer 
and a single current transformer, as shown in 
Fig. 1. 

It should be understood that the aforesaid sum 
and difference may have other bases. For ex 
ample, if k is a constant, one element may be 
energized in accordance with the sum quantity 
(E-kI) and the other element in accordance 
with the difference quantity (E-(1--k)II. The 
elements may be designed to produce equal and 
opposite forces at predetermined energizations. 
For present purposes, it will be assumed that the 
elements are similar. 
By reference to Fig. 1, it will be observed that 

the conductor 5 has the primary winding 33 of a 

The connections also assure : 
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4. 
current transformer 35 included in circuit there 
with. The bimetallic elements 2 and 23 are 
connected in series across the Secondary Winding 
37 of the current transformer. It will be noted 
that the secondary winding 37 is provided with a 
tap 39 which is disposed between the terminals of 
the secondary winding. In addition, a terminal 
4 is provided between the directly connected 
ends of the bimetallic elements 2 and 23. The 
tap and the terminal are connected by the sec 
ondary winding 43 of a voltage transformer 46, 
the primary winding 47 of the voltage trans 
former being connected across the conductors 3 
and 5. 
Instantaneous directions of current flow are 

indicated in Fig. 1 by arrows. It will be noted 
that the current transformer 35 directs currents 
I and I2 respectively through the bimetallic ele 
ments 2 and 23; whereas, the voltage trans 
former 47 directs currents i and i2 through the 
bimetallic elements 2 and 23. It might be said 
that the bimetallic elements in effect are in 
series across the terminals of the Secondary 
winding of the current transformer 35 and are 
connected in parallel paths across the Secondary 
winding of the voltage transformer 45. How 
ever, it should be noted that with respect to the 
voltage transformer the secondary winding of the 
current transformer operates as an auto-trans 
former to enforce substantially equal division of 
current from the voltage transformer through 
the aforesaid parallel paths despite difference 
between the resistanecs of the paths. As shown 
by the arrows, when power flows from the source 
to the load T, the current components I1 and 1 

subtract vertorially in the bimetallic element. 2, 
and the current components I2 and is add vec 
torially in the bimetallic element 23. Should the 
direction of power flow in the electrical System 
of Fig. 1 reverse, the direction of flow of the 
current components Il and I2 also reverses, the 
components I1 and il add vectorially in the bi 
metallic element 2, and the current components 
2 and a subtract vectorially in the bimetallic 
element 23. It will be understood that the cur 
rent components. I1 and I2 vary in accordance 
with current flowing in the associated electrical 
system; whereas, the current components i and 
i2 vary in accordance with the voltage of the 
associated electrical system. 
As thus far specifically, described, the electro 

responsive control device of Fig. 1 is similar to de 
vices illustrated and described in the aforesaid 
Johnson patent. From a consideration of the 
Johnson patent, it will be understood that the 
electroresponsive control device 3 exhibits a di 
rectional or watt response and operates to trip 
the circuit interrupter 9 when the power flow in 
the electrical system is from the load toward 
the source . 
In accordance with the teachings of the John 

son patent, the currents I1 and I2 would be equal, 
and the components i and i2 would be equal. If a 
Severe fault occurs on the System, the Voltage E. 
may drop to an abnormally low value, and the 
current components it and i2 consequently would 
drop to extremely low values. Under these con 
ditions, the current components I1 and I2 would 
rise to abnormally high values. If the bimetallic 
elements 21 and 23 and their associated com 
ponents are exactly similar, the relay ordinarily, 
under such conditions, would operate satisfac 
torily. However, if slight irregularities are pres 
ent in the bimetallic elements or their associ 
ated components, the current components I and 
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2 alone, in passing through the bimetallic ele 
ments, may produce a resultant force acting on 
the movable contact 7 which is greater than the 
watt responsive force developed by the relay. Un 
der Such circumstances, Several relayS may not 
operate uniformly with respect to reversals in 
the direction of power flow. ; . . . 

In accordance with the invention, the current 
This 

may be effected by displacing the tap 39 from a 
midposition between the terminals of the second 
ary winding 37. Such movement of the tap 
would result in an unbalance of the components 
ii and i2, and may result in a no-load force act 
ing on the movable contact 7. Although the 
force could be compensated in any Suitable Way, 
as by a spring, the desired inequality of the com 
ponents. I1 and I2 preferably is obtained by in 
cluding impedance in the path aSSociated With 
one of the bimetallic elements. The impedance 
employed may have a power factor Selected to 
maintain the desired phase relationship between 
the current components I2 and i2. In most cases, 
the impedance may take the form of the resistor 
R, which is illustrated in Fig. 1 as included in the 
electrical path associated with the bimetallic 
element 23. V 

The current transformer 35 tends to maintain 
equal voltages across the two halves of its Sec 
ondary winding. Consequently, the effect of the 
resistor R is to reduce the current component 12 
to a value below that of the current component 
I1. Despite the presence of the resistor R, the 
auto-transformer action of the current trans 
former secondary winding tends to maintain the 
current components ii. and i2 substantially equal. 
The effect of the resistor R, may be understood 

from a consideration of the resultant force de 
veloped by the bimetallic elements 2d and 23. It 
can be shown that the total or resultant force Fir 
is represented by the following expression: 

Fra (I12-Is?) + (i,2-is?)-(2I,ii cos 0-4-2Iaiz cos ) 
In the foregoing expression, the angle 8 represents 
the phase displacement between the voltage and 
current of the associated electrical system. From 
a consideration of the expression, it will be ob 
served that the relay has a watt response which, 
for forward power, urges the movable contacts 
toward the left, as viewed in Fig. 1. This watt 
component or force Fw is represented by the fol 
lowing expression: 

Flwa- (Ili1 cos 0--Izi2 coS 6) 
The force component Fw is directed toward the 
left, as represented by the arrow 3 in Fig 1, when 
power flows from the source toward the load 
and is directed toward the right, as shown by the 
arrow 29 in Fig. 1, when power flows from the load 
7 toward the source . . . 
The relay also has a force component FI which 

is indicated by the following expression: s 

Fra (I12-122) 
Since I1 is always larger than I2, the force. FI is 
always directed toward the right or in the direc 
tion of the arrow 29 of Fig. 1. 

Finally, the resultant force of the relay includes 
a component F, which is represented as follows: 

Faci,?-is) 
This force also is always directed toward the 
right as viewed in Fig. 1. As pointed out above, 
the components is and 2 are held substantially 
equal by the autotransformer action pf the cur 
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ment of the movable contact 7. 

rent transformer. A slight difference may be 
present because of the exciting current required 
for the autotransformer action, but the force 
component F, ordinarily is so small compared to 
the force component F, that the force component 
Fi may be neglected. Although the force.com 
'ponent F has a negligible value, it is mentioned 
in the following discussion for completeneSS. 

Further understanding of the operation of the 
relay of Fig. 1 may be obtained by reference to 
Fig. 2, wherein abscissae represent per cent of 
full load current and ordinates represent move 

Movement of 
the contact 7 toward the contact f5 is repre 
sented in Fig. 2 as "movement of contact to 
right'; whereas, movement of the movable con 
tact 7 away from the fixed contact. 5 is indi 
cated in Fig. 2. as “movement of contact to left.' 

Response of the relay 13 to power flowing 
from the Source to the load 7 is illustrated 
in Fig. 2 by a curve 5. It will be noted that, 
for low values of current flowing from the Source 
to the load, the largest force applied to the now 
able contact it is that due to the force con 
ponent Fw, and this urges the movable contact 

7 away from the fixed contact. At some point 
A, the curve 5 has zero Slope and this indicates 
that the sum of the force components FI, and F. 
has reached equality with the force component 
tw. As the current flowing to the load con 
tinues to increase, the sum of the force compo 
nents F--Fi exceeds the value of the force com 
ponent Ew, and the movable contact fill conse 
quently moves toward the fixed contact 5. The 
horizontal axis in Fig. 2 represents a neutral 
position of the movable contact which is the 
position illustrated in Fig. 1. The position of 
the movable contact i?, when it is in engagement 
with the fixed contact 5, is represented in Fig. 
2 by a dotted line B. It will be noted that, as 
the current supplied by the Source to the load 
7 increases, the curve 5 finally reaches the dot 
ted line B which indicates that the contacts 5 
and IT engage to trip the circuit interrupter 9. 
Consequently, the relay. Operates Substantially as 
an overload-current relay. The interSection of 
the curve 5. With the line B may take place at 
a desired value of full load current such as 4.3 
times full load current. 
Upon reversal of the flow of power, the load 

7 Supplies current to the source f. Such re 
versal changes the sign or direction of the force 
Cornponent FW and the total force acting on the 
contact T is the sum of the components 
F--Fi-Fw. Under these conditions, the move 
ment of the movable contact T is represented, 
in Fig. 2, by a curve 53. It will be observed that 
the utilization of the resistor R. does not appre 
ciably alter the shape of the curve 53. The in 
tersection of the curve 53 with the line B indi 
cates the lowest value of current at Which the 
contacts 5 and f engage to trip the circuit 
interrupter 9. 
The force component Fw is dependent to some 

extent on the power factor at which the elec 
trical system operates; whereas, the force com 
ponents FI and F are substantially independent 
of power factor. If the curve 5 of Fig. 2 rep 
resents unity power factor operation of the elec 
trical system, changes in power factor may re 
sult in a change in shape of the curve, but the 
general principles are unchanged and the exact 
curve can be computed for any desired power 
factOS. 
Increase in the resistance value of the re 
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sistor-R, tends to decrease the minimum overload 
current at which the relay trips the circuit in 
terupter 9 while the source? is supplying power 
'to the load 7. Such an increase in resistance 
results in an increase in the difference between 
the currents I1 and I2 and consequently in the 
value of the force component F. Although the 
resistor R, may be fixed in value in accordance 
with any desired operating condition, the relay 
conveniently may be provided with an adjustable 
resistor to permit adjustment of the performance 
of the relay. : 
; : Since the relay is designed to handle appre 
ciable fault currents, it may be desirable to in 
corporate some protection for the bimetallic ele 
ments. Such protection may be provided by de 
signing the current transformer 35 of Fig. 1 to 
saturate at a desired value of fault current, or 
by providing an overcurrent relay for shunting 
the bimetallic elements 2 and 23. Protection 
for the relay will be discussed further below. 

In Fig. 3, the inverse time charactistics of the 
relay of Fig. 1 are illustrated. Abscissae rep 
resent the current I; whereas, ordinates repre 
sent the time in seconds required for the relay 
to close its contacts 5 and 7. 
Curves C and C show the forward tripping 

characteristics of the relay. The curve C repre 
sents the time required for the relay to close its 
contacts when the relay starts from a deener 
gized or no-load condition. A curve C' illus 
trates the time required for the relay to close 
its contacts when the relay starts from a full 
load energized condition. Both of these curves, 
C and C', are for a forward flow of power from 
the source to the load T. If some current in 
termediate no-load and full-load currents is 
flowing at the time an excessive current is ap 
plied to the load, the resulting curve will be dis 
posed in a shaded area between the two curves 
C and C’. Since such curves correspond quite 
closely to the heating characteristics of elec 
trical equipment, they are quite satisfactory for 
relay operation. 
Curve D represents the time required for the 

relay to close its contacts when the direction of 
power flow is from the load 7 to the Source . 
Curve D represents the relay performance when 
the relay starts from a deemergized or no-load 
condition. A curve D' represents the perform 
ance of the relay when the relay starts from a 
normal full-load energization. When the relay 
starts from intermediate energizations, the cor 
responding curves fall in a shaded area between 
the two curves D and D. The differences be 
tween the curves D and D' and between the 
curves C and C’ are due to the thermal lag of 
the relay. Such differences may be reduced by 
reducing the thermal lag of the relay. 

If desired, the relay may be biased in a de 
sired direction in any suitable manner. For ex 
ample, load current may be passed through a 
heater adjacent one of the bimetalic elements 
for the purpose of biasing this element in ac 
cordance with load current. This will be dis 
cussed further below. 

In order to decrease the spread between the 
no-load and full-load curves C and C or D and 
D', the relay may be designed to permit a slow 
transfer of heat between the binetals. This 
tends to maintain the relay adjacent its neutral 
position and the relay responds properly to Sud 
den faults. This modification may not be sat 
isfactory for Systems wherein fault or overload 
currents may increase slowly. 
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In Fig. 4, an electroresponsive Control device 
3a is associated with the electrical system which 

again is represented by the conductors 3 and 5. 
The circuit interrupter 9 and the tripping sole 
noid , together with the battery 9, also are 
illustrated in Fig. 4. The control device 3d in 
cludes, in effect, two relays 3b and 3c. The 
relay f3b is similar to the corresponding relay of 
Fig. 1 and includes the bimetallic elements 2 
and 23 together with the associated contacts 5 
and f which are employed for controlling the 
tripping of the circuit interrupter 9. The relay 
8c is similar to the relay 3b, but includes bi 

metallic elements 2d and 23a which are respon 
Sive to values of current larger than those which 
may be applied safely to the bimetallic elements 
2 and 23. The elements 21, 23, 2a and 23a all 
are connected in series across the secondary ter 
minals of a current transformer 35a, which cor 
responds to the current transformer 35 of Fig. 1. 
The resulting series circuit may be traced from 
one terminal of the secondary winding through a 
conductor 55, the bimetallic element 2a, a con 
ductor 57, the bimetallic element 2 ?, a conductor 
59, the bimetallic element 23, a conductor 6, the 
bimetallic element 23a and a conductor 63 to 
the remaining terminal of the secondary wind 
ing of the current transformer. 
In addition, the bimetallic elements are con 

nected in two parallel arms across the secondary 
winding of a voltage transformer 45a which cor 
responds to the voltage transformer 45 of Fig. 1. 
The parallel arms are located between a tap 39a 
on the secondary winding of the current trans 
former 35a, and a terminal 4a which is connect 
ed to the conductor 59. It Will be observed that 
the secondary winding of the voltage transformer 
450 has one terminal connected to the tap 390; 
whereas, the remaining terminal is connected to 
the terminal 4 a through impedances Z and Z.A. 
By studying Fig. 4, it will be observed that each 
of the relays 3b and 3 c is energized in sub 
stantially the same manner discussed with ref 
erence to Fig. 1. In order to unbalance the two 
parallel arms connected between the tap 39a and 
the terminal 4a, the conductor 63 may have a 
resistance higher than that of the conductor 65, 
but it will be assumed that the tap 39a is dis 
placed from the midpoint of the secondary wind 
ing of the current transformer. It will be as 
sumed further that the direction of displacement 
is such that the current I flowing through the 
bimetallic elements 2a and 2 is greater in 
magnitude than the current I2 flowing through 
the bimetallic elements 23 and 23a. It will be 
understood that the relay 3b is substantially 
more sensitive than the relay 3c and may be 
designed to trip, for example, for a range of load 
currents up to three times full load. For values 
of load currents above that for which the relay 
3b is designed, shunts are established around 
the bimetallic elements 2 and 23 by operation 
of an overcurrent relay 67. The relay 3c there 
upon operates over a further overcurrent range 
which may be, for example, of the order of three 
to ten times full load current. 
The overcurrent relay 67 has an operating wind 

ing connected for energization from the Sec 
ondary winding of a current transformer 69 which 
is associated with the . conductor 5. The re 
lay 67 is designed to pick up and close its con 
tacts 67a and 67b when the current flowing 
through the conductor 5 is above a desired value, 
such as three times full load current. Closure 
of the contacts of the relay 67 shunts the bi 
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metallic elements 2 and 23 and only the relay, 
3c remains energized for further operation. It 

will be noted that closure of the contacts of re 
lay 67 in effect connects the conductors 57 and 6 
to a terminal T intermediate the two impedances 
Z and ZA. This removes the impedance Z.A. from 
Service and results in an increase in the current 
Supplied to the bimetalic elements 2d and 3. 
by the voltage transformer 45a. Consequently, 
operation of the relay 67 tends to compensate, to 
some extent, for the fall in voltage across the 
conductors 3 and 5 which results from the flow 
of excessive current therethrough. Removal of 
the impedance Z.A from service may affect the 
values of the current components I and 2 some 
what. The impedances Z and ZA may be of any 
desired type and may have values selected to pro 
vide the desired compensation. 

in FigS. 1 and 4, bimetalic elements are shown 
which are energized or heated by current flow 
ing directly therethrough. If desired, external 
heaters may be employed, or other electrore 
sponsive units may be employed which have out 
puts responsive to the squares of their energiza 
tions, as discussed in some detail in the aforesaid 
Johnson patent. For example, in Fig. 5, ther 
mally responsive metallic bellows 8.f. and 83 each 
have an end connected to a novable contact 85. 
The metallic bellows are heated respectively by 
resistors 8 fa and 8 b. Each of the heating re 
sistors has an end connected to the terminal 4. 
Consequently, the terminal 4 of Fig. 5 may be 
connected to the tap 39 through the secondary 
winding 43 of Fig. 1, and the remaining ends of 
the resistors 8 fa and 8 lb may be connected to 
the terminals of the secondary winding 37 of 
Fig. I with the resistor R, disposed in one of the 
connections in the manner discussed with ref. 
erence to Fig. 1. Since the operation of the de 
Vice shown in Fig. 5 otherwise is similar to that 
of the device of Fig. 1, and Will be understood 
by reference to the Johnson patent, further dis 
cussion thereof is believed to be unnecessary. 
Thermally responsive metallic bellows are dis 
closed in Fig. 3 of the Johnson patent. In order 
to bias the control devices of Fig. 5, an auxiliary 
heating resistor 8c is provided adjacent the bel 
lows 83. As previously pointed out, this resistor 
8c may be energized in accordance with the load 
current of an associated electrical System, or in 
any suitable manner, for the purpose of biasing 
the belows 83. 

If desired, the metallic bellows of Fig. 5, may 
be replaced by thermocouples, 87 and 89 which 
are differentially connected in series to the sole 
noid . These thermocouples are disposed to be 
heated respectively by the resistors 8 a. and 8.b. 
Although no battery need be employed with the 
thermocouples, it may be desirable to amplify the 
output of the thermocouples prior to the applica 
tion thereof to the solenoid f . Since the nodi 
fication of Fig. 6 otherwise is similar to: that dis 
cussed for Fig. 5; and since the operation. of the 
thermocouples is described with reference to Fig. 
4 of the aforesaid Johnson patent, further dis 
cussion of Fig. 6 is believed to be unnecessary. 
In Fig. 7, magnetic devices 9 and 93 are pro 

vided in place of the bimetallic elements 2 and 
23 of Fig. 1. Each of the magnetic devices in 
cludes an E-shaped magnetic structure 9 a. or 
93a. Which has a SSociated thereWith a common 
magnetic arnature 95. This arnature carries 
the nowable contact T for novement into and 
out of engagement with the contact 5 in the 
manner discussed with reference to Fig. 1. Each 
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1): 
of the magnetic devices 9 and 93 has a coi 
9-lb and 935 associated therewith for the pur 
pose, when energized, or urging the magnetic. 
arrature 95 toward the associated magnetic, 
structure. Since: the device of Fig. 7 otherwise. 
Operates in a manner similar to that discussed for 
Fig. 1, and since magnetic devices of this type. 
are discussed in the aforesaid Johnson patent, 
it is believed that the foregoing description there 
Of Suffices. . . . . 
Although the invention has been discussed with 

reference to certain embodiments, thereof, nu 
merous modifications are possible. Therefore, 
the appended claims have been drafted to cover 
all such additional modifications which fall with. 
in the spirit; and Scope of the invention 
We claim as our invention: 
1. In an electroresponsive control device, a first 

electroresponsive unit having an output propor 
tional substantially to the square of the input 
to the unit, a second electroresponsive unit have, 
ing an output proportional substantially to the 
Square of the input to the last-named unit, an 
element differentially connecting the outputs of 
the electroresponsive units to produce a resultant 
output Substantially equal to the difference be 
tween the outputs of said electroresponsive units, 
and a circuit electrically connecting said units 
for first energizations in accordance with a first 
alternating quantity, said units and the circuit 
having impedances selected to provide a ratio of 
Said, energizations other than unity, and circuit 
elements, electrically associated with said circuit 
for vectorially adding to the first energization of 
the first electroresponsive unit, a second ener 
gization proportional to a second alternating 
quantity and for vectorially subtracting from the 

5. 5 

O 

5 

Second electroresponsive unit a second energiza 
tion proportional to the second alternating quan 
tity. 

2. In a control device which is responsive to 
a function of voltage quantity and a current 
quantity in an alternating electrical circuit, a 
pair of electroresponsive units responsive to elec 
trical current supplied thereto, electrical circuit 
elements connecting, said electroresponsive. units 
for energizations respectively in accordance with 
the vector sum and the vector difference of said 
quantities, the impedances of said units and the 
circuit elements being selected to provide a ratio 
of the portions of said energizations which are 
dependent on a first one of said quantities dif 
fering substantially from unity, and translating 
means. differentially responsive to the outputs of 
the electroresponsive units. v ... 

3. In an electroresponsive control device, a 
pair of electroresponsive units each having a re 
sponse dependent on the square of electrical cur 
rent supplied thereto, a circuit connecting said 
electicoresponsive units in parallel for energiza 
tion from a first source of electrical energy and 
in series for energization from a second source of 
electrical energy, the parallel arms of said circuit 
having different impedances, and translating 
means differentially responsive to the outputs of 
said electroresponsive units. 

4. In an electroresponsive control device, a 
transformer having a primary winding and hav 
ing a Secondary winding provided with a tap in 
termediate the terminals of the secondary wind 
ing, a pair of electroresponsive units connected in 
a Series circuit across said secondary winding, 
each of Said electroresponsive units having an 
Output dependent. On the Square of the energiza 
tion thereof, said Series circuit having a terminal 
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intermediate the electroresponsive units, whereby 
the tap and the terminal constitute terminals of a 
parallel circuit having two arms each containing 
a separate one of the electroresponsive units, and 
translating means responsive differentially to the 
outputs of the electroresponsive units, said arms 
having different electrical impedances. 

5. A device as defined in claim 1 wherein when 
said alternating quantities correspond to the volt 
age and current of an alternating current cir 
cuit the resultant output has a directional chair 
acteristic, said ratio being selected to provide a 
resultant output having a first directivity for a 
flow of power in the alternating current circuit in 
a first direction and for a flow of power above 
a predetermined value in the alternating current 
circuit in a second direction, the resultant output 
for the selected ratio having a second directivity 
for a flow of power below said predetermined 
value in the alternating current circuit in the 
second direction. 

6. In an electroresponsive control device, a first 
electromotive unit having an output proportional 
substantially to the square of the input to the 
unit, a second electromotive unit having an out 
put proportional substantially to the Square of the 
input to the last-named unit, an element differ 
entially connecting the outputs of the electrono 
tive units to produce a resultant movement Sub 
stantially proportional to the difference between 
the outputs of said electromotive units, and a 
circuit electrically connecting said units for first 
energizations in accordance with a first alter 
nating quantity, the units and the circuit having 
impedances selected to provide a ratio of Said en 
ergizations other than unity, and circuit elements 
electrically associated with said circuit for vec 
torially adding to the fist energization of the 
first electroresponsive unit a second energization 
proportional to a second alternating quantity and 
for vectorially subtracting from the Second elec 
troresponsive unit a second energization propor 
tional to the second alternating quantity, and an 
electrical switch operable in response to the re 
sultant movement of said electromotive units in 
a predetermined direction 

7. In an electrical relay System, a pair of op 
erating units each having an output propor 
tional to the square of the energization thereof, 
a pair of electrical relay contacts differentially 
responsive to the outputs of Said operating units, 
a pair of conductors for carrying an alternating 
current when an alternating voltage is estab 
lished thereacross, and means for energizing a 
first one of the operating units substantially in 
accordance with the vector sum of the voltage 
and the current of said conductors and for ener 
gizing a second one of the operating units Sub 
stantially in accordance with the vector dif 
ference between the current and the voltage of 
said conductors, the operating units and the 
energizing means being proportioned to provide 
a ratio of the components of said energizations 
due to the current flowing in said conductors 
other than unity. 

8. A device as claimed in claim 3 wherein Said 
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12: 
parallel arms have similar components and 
wherein one of said arms includes in addition 
to said components a resistor for producing said 
different impedances. . 

9. In an electroresponsive control device, a 
transformer having a primary winding and hav 
ing a secondary winding provided with a tap 
intermediate the end turns of the secondary 
winding, a pair of electroresponsive units con 
nected in a series circuit across said secondary, 
winding, each of said electroresponsive units hav 
ing an output dependent on the Square of the 
energization thereof, Said Series circuit having a 
terminal intermediate the electroresponsive units, 
whereby the tap and the terminal constitute ter 
minals of a parallel circuit having two arms each 
containing a separate one of the electroresponsive 
units, and translating means responsive dif 
ferentially to the outputs of the electroresponsive 
units, said tap being substantially displaced from 
the electrical center of said secondary winding, 
and from the end turns of the Secondary Winding. 

10. In a relay system for an alternating elec 
trical circuit, a relay unit having a directional 
element to be actuated in a first direction in re 
sponse to a first course of alternating power 
flowing in the circuit and in a second direction 
in response to a reverse course of alternating 
power flowing in the circuit, said relay unit hav 
ing voltage input means and current input means 
connected for energization in accordance with the 
alternating voltage and the alternating current 
respectively of the circuit, and modifying means 
for modifying said input means to actuate the 
directional element in a first direction in re 
sponse to the first course of power flow in the 
alternating electrical circuit, said modifying 
means modifying the input means to actuate 
the directional element in a second direction in 
response to power flow in the alternating elec 
trical circuit in the reverse course within a pre 
determined range, and said modifying means 
modifying the input means to actuate the direc 
tional means in the first direction in response to 
a power flow in the alternating electrical circuit 
in the reverse course outside of said predeter 
mined range. 

ROYAL. C. BERGVALL. 
EDWIN, HARDER. 
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