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The present invention relates to protective relays, and 
more particularly to improved means for obtaining a 
desired time delay in the operation of such relays. 

In the use of protective relays, such as overvoltage 
relays, it is frequently necessary or desirable to provide 
a time delay in the operation of the relay, in order to 
prevent undesired operation under transient conditions. 
These relays are usually designed to have inverse time 
characteristics, and this characteristic has sometimes been 
relied on alone to prevent operation on transients, or an 
additional fixed time delay has been provided for this 
purpose. Various types of mechanical and electrical 
time delay means have been used for this purpose, either 
singly or in combination, to obtain the desired operating 
characteristics, but the known arrangements have not 
been satisfactory in practice, and it has been very diffi 
cult to obtain the desired result of preventing operation 
of the relay on transients while obtaining accurate and 
reliable operation under sustained or steady-state con 
ditions. 
The principal object of the present invention is to pro 

vide an effective and reliable means for preventing opera 
tion of a relay under transient conditions, while per 
mitting accurate and reliable operation in response to 
sustained or steady-state conditions. 

Another object of the invention is to provide means 
for delaying the operation of a relay when the voltage, 
or other quantity, to which it responds is changing rapid 
ly, so as to prevent operation under transient conditions. 
A further object of the invention is to provide means 

for controlling the operation of a relay which is effective 
under transient conditions to prevent relay operation, 
and which is ineffective under Sustained or steady-state 
conditions so that the relay is permitted to operate. 

Other objects and advantages of the invention will be 
apparent from the following detailed description, taken 
in connection with the accompanying drawing, in which 
Figs. 1, 2, 3, 4 and 5 are schematic diagrams showing 
illustrative embodiments of the invention. 

Fig. 1 shows means for controlling the operation of a 
protective relay 1 which is responsive to the voltage of 
an alternating current line 2. The relay is intended 
to close its contacts 3 upon the occurrence of a prede 
termined overvoltage to effect a corrective operation, or 
to actuate a signal, or to perform any other desired func 
tion. The relay has an operating coil 4 which is de 
signed for direct current energization. The line 2 is shown 
as a three-phase alternating current line, and the relay 
coil 4 is energized by means of a three-phase rectifier 
bridge 5, which provides a direct current output voltage 
proportional to the average of the three-phase voltages of 
the line 2. 

It will be seen that upon the occurrence of a prede 
termined overvoltage, the relay will close its contact 3, 
and that this action would occur on transient voltage 
surges as well as on Sustained overvoltages if no means 
were provided to prevent operation on transients. In 
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accordance with the present invention, the operation of 
the relay is delayed under transient conditions to prevent 
operation. For this purpose, an auxiliary relay 6 is 
provided having a normally closed contact 7 connected 
in series with the coil 4 of the relay . The operating 
coil 8 of the auxiliary relay 6 is connected across the 
direct current output voltage of the rectifier 5 in series 
with a capacitor 9. 
Under steady-state conditions, the capacitor 9 blocks 

the flow of current to the relay coil 8 so that the con 
tact 7 remains closed, and the coil 4 of the relay is 
connected across the direct current output voltage of 
the rectifier 5 and thus responds to a voltage in excess 
of a predetermined value to close its contact 3. If a 
transient voltage surge occurs on the line 2, however, 
so that the voltage changes very rapidly, a changing 
voltage of relatively steep wave front is applied to the 
capacitor 9. Under these conditions, the impedance of 
the capacitor is quite low, since the rapidly changing 
voltage is equivalent to a high-frequency alternating cur 
rent voltage, and sufficient current flows through the 
capacitor 9 and coil 8 to actuate the auxiliary relay 6 
and cause it to open its contacts 7, disconnecting the coil 
4 of the relay 1 from its energizing voltage. Thus, oper 
ation of the relay is prevented while the voltage is 
changing rapidly, so that it will not operate inder transient 
or surge conditions. 

After the transient has passed and the voltage has re 
turned to a steady-state condition, the capacitor 9 again 
blocks flow of current and the auxiliary relay 6 recloses 
its contact. If a sustained overvoltage is present at this 
time, the relay 1 will be actuated to close its contacts 3. 
Thus, the desired operation is obtained in a simple and 
reliable manner by means of the auxiliary relay 6 which 
controls the main relay 1 to prevent its operation under 
transient conditions. It will be obvious that any desired 
time delay characteristic can be obtained by proper choice 
of the capacitor 9 and of the setting of the relay 6. 
The relay 1 may be any suitable type of relay and 

may, if desired, have inverse time characteristics to pro 
vide for high-speed operation on high sustained over 
voltages. The relay it has been described as an over 
voltage relay, but it will be obvious that it may be any 
type of protective relay and may be connected to respond 
to current or may be actuated by a voltage derived from 
any other quantity. 

Fig. 2 shows another embodiment of the invention. 
In this figure, the relay 1 is shown connected to respond 
to a direct current voltage which may be the voltage of 
a direct current line, or which may be derived from an 
alternating current line by means of a rectifier as in 
Fig. 1. In this embodiment of the invention, an aux 
iliary relay 10 is provided having a normally closed 
contact 11 in series with the operating coil 4 of the 
relay 1. A transformer 12 has its primary winding 13 
connected across the direct current voltage from which 
the relay 1 is energized, and has its secondary winding 
14 connected to the operating coil 15 of the auxiliary 
relay 10. 
Under steady-state conditions, a substantially constant 

voltage is applied to the primary winding 13 of the 
transformer 12 and the voltage of the secondary wind 
ing 14 is Zero, so that the auxiliary relay 10 is not 
energized and its contact 11 remains closed. Upon the 
occurrence of a transient voltage surge, however, a rap 
idly changing voltage will be applied to the primary 
winding 13 and a sufficient voltage will be induced in 
the secondary winding 14 to energize the coil 15 and 
cause the auxiliary relay 10 to open its contact 11. 
Thus, operation of the relay 1 is prevented under tran 
sient conditions in a similar manner to that described 
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above in connection with Fig. 1. After the transient 
has passed and steady-state conditions have been re 
stored, the rate of change of the voltage applied to the 
primary winding 13 again drops to substantially Zero, 
and the secondary voltage becomes zero, so that the aux 
iliary relay 10 recloses its contact 11 and the coil 3 of 
the relay 1 is again connected to the line. 

It will be seen that the operation of this embodiment 
of the invention is, in general, similar to that of Fig. 1 
in preventing operation of the relay 'Ender transient 
conditions. This embodiment of the invention has the 
advantage that by proper choice of core materials for 
the transformer, various delay characteristics can read 
ily be obtained, and adjustment of the operating charac 
teristics of a particular relay can easily be provided by 
varying the saturation of the transformer core by means 
of an adjustable air gap, or other suitable means. 

Fig. 3 shows a further embodiment of the invention, 
which is similar to that of Fig. 2, except that the aux 
iliary relay is eliminated and operation of the protec 
tive relay is directly affected by the transformer. In 
this embodiment, the relay 36 has an operating coil 17 
connected to be energized by a direct current voltage, 
as before, and has a contact 18. A second coil 19 is 
also provided on the magnetic circuit of the relay and 
is energized from the secondary winding 20 of a trans 
former 23 which has its primary winding 22 connected 
across the direct current voltage. The coil 9 of the 
relay 16 is wound and connected so that when ener 
gized its flux opposes that of the coil 17, and a rectifier 
23 is preferably connected in series with the coil 19 
to insure the desired polarity of the current and to pre 
vent reverse energization of the coil 19. 
Under steady-state conditions, the coil 39 is not ener 

gized, since the transformer secondary voltage is sub 
stantially zero, and the relay 16 is actuated by the coil 
17 to close its contact 18 in response to a voltage in 
excess of the predetermined value for which the relay 
is set. If a transient voltage surge occurs, however, 
there will be a voltage induced in the secondary wind 
ing 20 of the transformer which energizes the coil 19 
so that its flux opposes that of the coil 17 and thus 
prevents operation of the relay. After the transient has 
passed, the voltage of the secondary winding 20 again 
becomes zero and the relay 6 is free to operate in 
response to sustained or steady-state overvoltages. 

In the embodiment of Fig. 4, a relay 1 as previously 
described is utilized, with its coil 4 connected across 
the direct current energizing voltage in series with a 
resistor 25 and a biasing resistor 26. A transformer 27 ; 
has its primary winding 28 connected across the ener 
gizing voltage and its secondary winding 29 connected 
across the resistor 26. A rectifier 30 is connected in 
series with the secondary winding 29 in such a direc 
tion that the voltage applied across the resistor 26 by 
the transformer will always be in opposition to the line 
voltage. Under steady-state conditions, there is, of 
course, no voltage applied to the resistor 26, and the 
relay is free to operate in response to a predetermined 
overvoltage. 
ever, a voltage is applied across the resistor 26 which 
opposes the line voltage, and the voltage applied to the 
coil 4 of the relay is correspondingly reduced, so that 
the relay is prevented from operating. Thus, the effect 
of this connection is generally the same as that of those 
previously described to prevent operation of the relay 
during transient conditions, that is, at times when the 
voltage to which the relay responds is changing rapidly. 

Fig. 5 shows a circuit which is essentially the same 
as that of Fig. 1, including an auxiliary relay 3 hav 
ing an operating coil 32 connected across the direct cur 
Fent energizing voltage in series with a capacitor 33. 
The auxiliary relay 31 has a normally closed contact 34 
in series with the operating coil 4 of the relay , 'so 
that the operation is the same as that previously de 

Under transient or 'surge conditions, how- { 
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scribed in connection with Fig. 1. In this arrangement, 
however, a discharge resistor 35 is provided for the 
capacitor, and the relay 3i has a normally open con 
tact 36 in series with the resistor 35. When the relay 
31 is actuated under transient conditions, it opens the 
contact 34 to prevent operation of the protective relay 
1, and closes the contact 36 to connect the discharge 
resistor 35 across the capacitor 33, thus providing a dis 
charge path and damping the discharge of the capacitor, 
which improves the uniformity and consistency of the 
operating characteristics, since the capacitor is always 
discharged through the resistor upon operation of the 
relay 3i. 

it should now be apparent that means have been pro 
vided for delaying the operation of a protective relay 
inder transient conditions, while permitting the relay to 
operate on steady-state or sustained conditions. This 
result is obtained in a relatively simple and reliable man 
ner by utilizing the rate of change of the energizing 
voitage of the relay to prevent operation of the relay 
when the rate of change is high. In this way, an operat 
ing characteristic or time delay is provided which depends 
on the characteristics of the transient surge and is not 
merely a fixed time delay, as has usually been used in 
the past. This is an important feature which contributes 
to the overall reliability and accurate performance of 
the relay. 

It will be understood that the protective relay which 
is to be controlled may be a relay of any type and may, 
if desired, have inverse time characteristics. The inven 
tion is not limited to use with overvoltage relays, but is 
applicable to relays operating in response to any quantity 
from which an energizing voltage for the relay can be 
derived. Certain specific embodiments of the invention 
have been shown and described for the purpose of illus 
tration, but it is to be understood that various other em 
bodiments and modifications are possible, and are within 
the scope of the invention. 

I claim as my invention: 
1. In combination, a relay having an operating coil, 

means for energizing said coil from a direct current volt 
age source, and means responsive only to rapid change 
of said voltage source for interrupting the: energizing-cir 
cuit of the coil for the duration of such change, said, last 
mentioned means being non-responsive to direct current. 

2. In combination, a relay having an operating coil, 
means for energizing said coil with direct current, a trans 
former having a primary winding connected to be ener 
gzied by said direct current and having a secondary wind 
ing, and means responsive to the voltage across said sec 
ondary winding for interrupting the energizing circuit of 
the coil. 

3. In combination, a relay having an operating coil, 
means for energizing said coil with direct current, a trans 
former having a primary winding connected to be ener 
gized by said direct current and having a secondary wind 
ing, and a second relay having an operating coil connected 
to be energized by said secondary winding and having 
contacts connected to control the energizations of said first 
mentioned coil. 

4. In combination, a relay having an operating coil, 
a direct current energizing circuit for said coil, a second 
relay having contacts connected to control the energiza 
tion of the coil of the first-mentioned relay and having 
an operating coil, and a capacitor connected in series with 
the last-mentioned coil across the energizing circuit. 

5. In combination, a relay having an operating coil, 
means for energizing said-coil from a direct current volt 
age, a second relay having contacts connected to control 
the energization of said coil, and means responsive only 
to rapid change of said voltage for effecting actuation of 
the second relay to prevent energization of the first-men 
tioned relay for the duration of such change, said last 
mentioned means being non-responsive to direct current. 
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6. In combination, a relay having an operating coil, a 
direct current energizing circuit for said coil, a resistor, 
a second relay having first contacts connected to control 
the energization of the coil of the first-mentioned relay 
and having an operating coil, a capacitor connected in 5 
series with the last-mentioned coil across the energizing 
circuit, and said second relay having second contacts 
connecting the resistor across said capacitor upon ener 
gization of said last-mentioned coil. 
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