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1 Claim. ' (Cl. 317-1485) 

This invention relates to AC. voltage sensing systems, 
and more particularly to a system wherein a silicon con 
trolled recti?er. is employed ‘to govern the actuation of a 
relay in response to the voltage of a power source. 

-' In a system of this type, a silicon controlled recti?er 
(hereinafter referred to by its initials SCR) is connected’ 

. with its current path in series with the relay coil and the 
,power source. A detector circuit is connected between 
the power source and the gate terminal of the SCR. 

. During. each half-cycle of the power source, e.g, the pos 
_ itive-half-cycle, the SCR is conditioned to ?re, i.e., pass 
current, if a su?icient potential is applied to its gate. On 

_ the other hand, during the other half of each cycle, the 
- polarity of the SCR is reversed so that it becomes inactive 
in the sense that it will not ?re regardless of the potential 

_.,applied to its gate. .When'ever the SCR ?res, it ener 
. gizes the relay coil and thus activates the relay which 

‘ may be arranged to perform any desired function. 
The dectector circuit monitors the power source, and 

should the voltage of the source rise above a predeter 
mined value, the detector circuit is adapted to apply a 

, ?ring potential to the SCR. As long as the voltage of the 
. source remains above the predetermined value, the SCR 

. will ?re at or near the peak voltage during each half-cycle 
and discontinue ?ring during‘ the other half-cycle and the 
initial portion of the following half-cycle, until the peak 

, or near-peak voltage is reached once again. So that the re 
lay does not become energized and deenergized with each 
half-cycle, means are often provided for maintaining the 
relay coil energized through the inactive periods of the 
SCR following the half-cycle during which the SCR ?res. 
Consequently, if the SCR continues to ?re, the relay coil 
will remain energized constantly. However, should the 
voltageof the source drop so that the SCR becomes in 
active during the half-cycles, the energization of the relay 
coil will not be sustained and the relay will be deactivated. 

. . A disadvantage of .thistype of system stems from the 
fact that there is too sharp a line (zero differential) be 

, tween the voltage condition that energizes the relay, and 
the reduced voltage condition that deenergizesit. Thus, 
.if the relay is energized whenever the source voltage is 
at or above a predetermined value, it becomes deenergized 
whenever the voltage vdrops, even minutely, below this 
value. Attempts have heretofore been made to elim 
inate this so-called zero differential but they have not 
produced entirely satisfactory results‘. ' 

It is an object of the present invention to provide a 
system of the type described wherein a differential is 
provided between the “pick-up” voltage of the relay sys 
tem, i.e., the voltage of the suorce at which the SCR'will 
?re initially, and the “drop-out” voltage‘ of the relay 
system, i.e., the voltage of the source 'at which the SCR 
will no longer have a ?ring potential applied to its gate, 
in a simple, economical and reliable manner. 

It isfanother object of the invention to provide such 
a ‘system which‘ will be substantially’ unaffected by 

, changes in ambient temperature, in frequency of the 
source, or by vibrations and shocks. . 

It is a further object ofithe invention to provide such 
a system wherein the pick-up voltage may .readily be ad 
justed.v . p Y _ , 

. To achieve these objectives, the invention provides 
means for applying to the gate of the SCR, after it ?rst 
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?res in response to a rise in voltage of the source above 
a predetermined pick-up value, an additional potential en 
gendered by the current induced in the relay coil during 
the following period when the SCR is inactive. This ad 
ditional potential‘ is a make-up voltage which augments 
the potential applied to the gate by the detector‘ circuit. 
Consequently, during the next half cycle when the SCR 
is conditioned to ?re, it will ?re even if the voltage of 
the power source has dropped slightly below the pre 
determined pick-up value. Thus, the drop-out voltage 
of the relay system will be a discrete amount below its 
pick-up voltage. The amount of the di?erential between 
the pick-up and drop-out voltages will depend on the 
particular components chosen for the system. 

Speci?cally, according to one embodiment of the in 
vention, a diode is connected across the relay coil and 
arranged to pass current in the direction of the SCR gate. 
Current induced in the coil during inactive periods of the 

7 SCR ?ows through the diode and back to the coil, there 

20. by maintaining the energization of the coil. In addition, 
as this current ?ows through the diode, a voltage drop is 
established across the ‘diode, and augments the poten 

‘ tial applied to the gate by the detector circuit. Also, 

25 

30 

35 

40 

45 

50 

60 

65 

70 

special means, such as a Zener diode, is provided in the 
detector circuit, having a voltage drop temperature co 
e?icient so related to the ?ring voltage temperature coef 
?cient of the SCR as to render the system as a whole 
substantially immune to ambient temperature variations. 
Use of a Zener diode is desirable also because it adds a 
relatively large voltage drop to the detector circuit and 
thus minimizes any variation in the ?ring voltage of the 
SCR. Furthermore, it is preferred to include ‘a potentiom 
eter between the power source and the detector circuit 
to permit the pick-up voltage to be selectively varied. 

Other objects and advantages ‘of the invention will 
be apparent from the following description in which ref 
erence is made to the accompanying circuit diagram. 
The circuit chosen to illustrate the present invention 

is supplied with power by means of a transformer, the 
primary 10 of which is connected to the power source 
to be monitored. The primary may, if desired, be pro 
vided with a series of taps, at different points on the 
winding, corresponding to the normal voltage values of 
several different types of sources. In this way, regardless 
of the normal voltage value of the'particular source to be 
monitored, connection of the source between‘the appro 
riate taps on the primary will result in a uniform voltage 
at‘ the seconary 11, i.e., the normal secondary voltage 
will always be the same although the primary is con 
nected to sources having different normal voltages. 

Connected in series ‘with the secondary 11 is a diode 
12, the current path of a silicon controlled recti?er (SCR) 
13, and the coil 14 of a relay. Both the diode12 and 
SCR 13 are arranged to pass current in the direction of 
the coil 14. During one-half of each cycle of the power 
source, the polarity of the SCR will be such that it is in 
condition to ?re, and if a suf?cient potential is applied 
to its gate 15 during, this half-cycle it will ?re. During 
the other half of each cycle of ‘the power source, the‘po 
larity of the SCR is reversed and therefore it cannot 
?re regardless of what potential is applied to its gate. 
For the sake of convenience, the half-cycle during which 
the SCR is conditioned to ?re will be called the positive 
half-cycle, and the other half-cycle will be referred to as 
the negative half-cycle. It is understood, however, that 
the SCR may if desired be conditioned to ?re during‘ ei 
ther half-cycle. 

It will be seen, therefore, that when a potential suf 
?cient to fire the SCR is applied to its gate 15 during a 
positive half-cycle,'a' circuit is completed from the trans 
former secondary 11, through the diode 12, the SCR 13, 
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and the relay coil 14, back to the secondary 11, whereby 
the relay coil is energized. 
A detector circuit is provided between the transformer 

secondary and the gate 15 of the SCR for the purpose of 
applying to the gate a potential representative of the volt 
age value of the power source. This circuit could be con 
nected directly to the secondary 11, but preferably it is 
connected through a potentiometer 16 so that the pick-up 
voltage of the system may be selectively varied. One end 
of the potentiometer resistance is connected to a tap 17 
on the secondary near one terminal of the latter, and the 
other end of the resistance is connected to the other ter 
minal of the secondary, preferably through a resistor 20. 
The resistor 211 permits ?ner resolution on the potentiom 
eter 16 when setting pick-up values. Advantageously, the 
potentiometer and resistor 20 have low resistance values 
so as to minimize the loading e?ects of the gate circuit. 
The detector circuit includes a diode 21, arranged to 

pass current in the direction of the gate 15, a Zener diode 
22, arranged to pass current rearwardly in the direction 
of the gate 15, and resistors 23 and 24, the gate 15 being 
connected between these two resistors. The side of the 
resistor 24 opposite the connection to the gate is con 
nected to a point between the SCR 13 and the relay coil 
14. Due to the rectifying action of the diode 21, current 
?ows through the detector circuit during only one-half of 
each cycle of the power source. Inasmuch as the SCR is 
conditioned to ?re during positive half-cycles of the power 
source, the diode is arranged to pass current during posi 
tive half-cycles. During each positive half-cycle, the cur 
rent ?ows from the tap 17 on the transformer secondary 
to the tap of the potentiometer 16, then through the diode 
21, the Zener diode 22, the resistors 23_ and 24, and the 
relay coil 14, back to the secondary 11. The resistance 
values of the resistors 23 and 24 are such that the resist 
ance value of the coil 14 is negligible compared to them. 
Consequently, before the SCR ?res there is almost no 
voltage drop across the relay coil. 
The resistance values of the detector circuit compo 

nents are so chosen that when the voltage of the power' 
source is at a normal value slightly below a predeter 
mined pick-up value for the detection system, determined 
by the setting of the potentiometer 16, the voltage drop 
across the resistor 24 is slightly below the ?ring potential 
of the SCR. During this condition, current ?ows through 
the detector circuit, as described above, but the relay re 
mains deactuated. Now, if the voltage of the source in 
creases even slightly, the voltage drop across the resistor 
24 increases and, at the peak voltage of the positive half 
cycle, a ?ring potential is applied to the SCR gate 15. As 
a result, the SCR begins to pass current and continues to 
do so until the end of the positive half-cycle, representing 
a total conducting period of the SCR of about one-quarter 
of a cycle. Upon the ?ring of the SCR, the circuit in 
cluding the diode 12 and the SCR 13 acts as a short cir 
cuit with respect to the detector circuit and causes the 
full voltage of the secondary 11 to be applied to the coil 
14, whereupon the coil is energized and the relay actu 
ated. 

If the detection system included only the components 
thus far described, the coil 14 would become deenergized 
during each cycle of the power source even if the peak 
voltage of the positive half-cycle were above the prede 
termined pick-up voltage. This is due to the fact that the 
SCR 13 discontinues ?ring from about the beginning of 
the negative half-cycle to a point at or near the peak 
voltage of the positive half-cycle. Furthermore, as soon 
as the voltage of the power source dropped even slightly 
below the predetermined pick-up value, the SCR Would 
no longer ?re and hence the coil 14 would not be ener 
gized, i.e., there would be “zero differential” between the 
pick-up and drop-out voltages of the relay system. 
To avoid these undesirable effects, this invention pro 

vides a circuit including a diode 25 connected across the 
relay coil. The diode 25 is arranged to pass current in 
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4 
the direction of the resistor 24 and hence in the direction 
of the gate 15 of the SCR. It will be noted that the diode 
25 circuit does not provide an alternative path, with re 
spect to the coil 14, for currents ?owing in the detector 
circuit or for currents ?owing through the diode 12 and 
SCR 13, due to the direction in which the diode 25 faces. 
These currents must ?ow through the coil 14. , 
When the peak voltage of the positive half-cycle of the 

power source rises to the predetermined pick-up voltage, 
the SCR ?res and the relay coil 14 is energized. At the 
end of the positive half-cycle, the SCR becomes inactive, 
and current from the transformer secondary discontinues 
?owing through the coil 14. At this point, the collapsing 
magnetic ?eld around the coil 14 induces a current in 
the coil which flows through the diode 25 and back to the 
coil 14 thus maintaining the coil energized. This induced 
current is capable of maintaining the relay coil 14 ener 
gized for at least three-quarters of a cycle. If during the 
following cycle the peak positive voltage is at or above 
the pick-up value, full secondary current will flow through 
the coil 14 once again and keep it energized for another 
cycle. Therefore, it will be seen that the diode 25 pre 
vents the coil 14 from becoming deenergized the moment 
the negative half-cycle begins, and in fact makes it pos 
sible for the coil to remain energized until the peak of 
the next positive half-cycle. ' 
The diode 25 performs another most important func 

tion. As the current induced in the coil 14 flows through 
this diode, a voltage drop is engendered across the diode. 
This voltage drop represents a relatively small potential, 
referred to hereinafter as the “make-up” potential which 
is applied to the gate 15 of the SCR and augments the 
potential applied to the gate by the detector circuit. Con 
sequently, should the source voltage drop slightly below 
the predetermined pick-up value, the combined potentials 
applied to the gate 15 by the detector circuit and the diode 
25 circuit will nevertheless add up to a value equal to or 
greater than the ?ring potential of the SCR and, hence, 
the SCR will ?re. Note that this is so even though the 
source voltage has dropped below the pick-up value. Thus, 
it will be seen that the invention provides a diiferential 
greater than zero between the pick-up and drop-out val 
ues of the relay, i.e., once the SCR ?res as a result of the 
peak positive voltage rising to a predetermined pick-up 
voltage, the SCR will continue to ?re as long as the peak 
positive voltage remains above a predetermined drop-out 
value less than the pick-up value. The amount of the 
differential will depend upon the particular components 
chosen, for the system. _ 
For the purpose of aiding the present description, illus 

trative values will now be given to the components of the 
system described above. It is understood, however, that 
the invention is not limited to the particular values chosen 
for illustration. Assume the following values: 
potentiometer 16 resistor-60 ohms, 5 watts 

resistor 20~60 ohms, 5 watts 
diode 21--.75 amp., 100 piv. 
Zener diode 22—15 volts, 3/1 watts 
resistor 23-470 ohms, 1/2 watt 
resistor 24-200 ohms, 1/2 watt 
diode 25-—1.6 amp., 100 piv. 
SCR 13—50 PRV, 1.6 amp. 
coil 14—6 watts, 11 ohms 

Further assume that the tap 17 is so located, and poten 
t1ometer 16 so set that there is a peak voltage drop across 
the detector circuit of approximately 17 volts whenthe 
power source reaches its highest normal voltage, say 135 
volts R.M.S. At this voltage of the power source, the 
preferred voltage at point 17 is 15.6 volts R.M.S., and the 
R.M.S. voltage across winding 11 is 27 volts. This 17 
voltage drop will be divided as follows: about a half volt 
drop across diode 21, about a 15 volt drop across the 
Zener diode 2R2, slightly more than a 1 volt drop across 
the resistor 23, and slightly less than a half volt drop 
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across the resistor 24. The voltage drop across the re 
sistor 24 is not quite suf?cient to ?re the SCR which must 
have a half volt applied to its gate to cause it to ?re. 
Now, should the voltage of the source rise above 135 

volts, the voltage drop across the detector circuit will rise 
above 17 volts; more particularly, the voltage drop across 
the resistor 24 will reach about a half volt, and the SCR 
will ?re. At the end of the positive half-cycle, the SCR 
becomes inactive, and the current induced in the coil 14, 
as described above, engenders about a half volt drop across 
the diode 25. This drop augments the voltage drop across 
the resistor 24 and their sum is applied to the gate 15 of 
the SCR during the next positive half-cycle. Thus, if the 
peak voltage of the source during the next positive half 
cycle is the same as during the former positive half-cycle 
which caused the SCR to ?re initially, the potential ap 
plied to the gate 15 will be about a half volt greater than 
it was when the SCR ?rst ?red. Thus, it will be seen that 
after the initial ?ring of the SCR, 5% more voltage is ap 
plied to the gate 15 than was applied when it ?red ini 
tially. Consequently, the voltage of the source, which is 
the input to the transformer primary 10, must drop 5% 
below the predetermined pick-up value (slightly over 135 
volts) before the SCR discontinues ?ring during each posi 
tive half-cycle. By means of the system just described, 
therefore, a 5% differential has been provided between 
the pick-up and drop-out values of the relay. > 
The Zener diode 22 serves two important functions both 

of which relate to the fact that the ?ring voltage of the 
SCR varies slightly with changes in ambient temperature. 
First, it introduces a relatively large and constant voltage 
drop into the detector circuit. As is known, the reverse 
voltage drop across a Zener diode remains constant at the 
Zener voltage (in the above example the Zener voltage is 
15 volts), as long as the ambient temperature remains 
constant and the voltage drop across the circuit as a whole 
is at least the Zener voltage, regardless of variations in 
the voltage applied to the circuit. If no Zener diode were 
employed in the above example, a 30% change in the 
voltage necessary to ?re the SCR would result in a 30% 
error in the operation of the system, since the relay would 
not pick up until the voltage of the power source rose 
30% above the predetermined pick-up value, i.e., to ef 
fect a 30% increase in the voltage drop across the resistor 
24, the voltage of the source would have to rise 30%. On 
the other hand, with the Zener diode 22 in the circuit, a 
required increase of 30% in the drop across the resistor 
24, which in the present example would be .15 volt, this 
being 30% of a half volt, requires only a .15 v./ 17 v., or 
0.9%, increase in the voltage of the source. Thus, em 
ployment of the Zener diode renders the error introduced 
by variations of SCR ?ring voltage with temperature much 
less signi?cant than it would be if no Zener diode were 
used. 
The second function performed by the Zener diode 22 

is to actually compensate for variations of the SCR gate 
?ring voltage with ambient temperature changes. Gate 
?ring voltage of a silicon controlled recti?er decreases with 
increases in temperature. On the other hand, the Zener 
voltage of a Zener diode, i.e., the voltage which must be 
applied to it before it starts passing currents rearwardly, 
increases with increases in temperature. Therefore, by 
judicious selection of components, the system can be pro 
vided with nearly a zero temperature coef?cient. In other 
words, the error which would normally be introduced by 
the SCR as a result of ambient temperature changes is 
almost perfectly compensated for by the Zener diode. 
The diode 12 and the resistors 26 and 27 are not neces 

sary elements of the system described, during normal op 
eration. Rather, they are in the nature of a protection 
device for the SCR 13 to prevent destructive breakdown 
of the SCR should an excessive reverse voltage be applied 
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to it. The diode 12 has a relatively large reverse voltage 
drop, and the resistors 26 and 27, whose resistances are 
much less than the reverse resistances of the SCR and 
diode 12, insure that any reverse voltage applied to the 
SCR and diode 12 is properly divided in proportion to 
their rated reverse voltage drops. For example, the SCR 
will break down upon application to it of a reverse volt 
age of 50 volts, and the diode 12 is rated at 100 volts in 
the reverse direction, the resistors 26 and 27 are so chosen 
that the resistance of the former is double that of the 
latter. Consequently, up to 150 volts in the reverse direc 
tion can be applied to the SCR and diode 12 without caus 
ing destructive breakdown of the SCR. The resistance 
values of the resistors 26 and 27 are too high to pass 
suf?cient current to energize the relay coil 14. 

In View of the above description, it will be seen that 
this invention provides a voltage sensing relay system 
wherein a differential is provided between pick-up and 
drop-out voltages in a uniquely simple and practical 
manner. Furthermore, the pick-up and drop-out voltages 
remain stable despite extreme variations in temperature. 
What is more, the present system is substantially inde 
pendent of the frequency of the power source. In addi 
tion, the system is unaffected by shock and vibration since 
pick-up and drop-out points are electronically controlled 
and do not depend upon physical adjustments of the relay. 
The invention has been shown and described in pre 

ferred form only, and by way of example, and many vari 
ations may ‘be made in the invention which will still be 
comprised within its spirit. It is understood, therefore, 
that the invention is not limited to any speci?c form or 
embodiment except insofar as such limitations are in 
cluded in the appended claim. 
What is claimed is: 
A voltage sensing system for use with a source of alter 

nating current power, comprising a silicon, controlled rec 
ti?er and a coil connected in series with said power 
source, said coil being connected to the cathode of said 
recti?er, a junction between said coil and cathode, a de 
tector circuit connected between said power source and 
said junction, the gate terminal of said recti?er being con— 
nected to said detector circuit so that when said source 
rises above a predetermined value a ?ring potential will 
be applied to the gate terminal, and a diode connected in 
parallel with said coil and arranged to pass current in the 
direction of said junction, whereby upon deenergization 
of said coil after said recti?er discontinues ?ring the cur 
rent induced in said coil and ?owing through said diode 
produces a voltage drop which is added to the voltage 
drop in said detector circuit produced by said power 
source. 
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