
United States Patent (11 3,588,610 
72 

21 ) 
22 
45) 
73) 

54 

(52) 

51) 
50 

Inventor Nicolas L. Perez-Stable 
Chelsea, N.Y. 

Appl. No. 862,397 
Filed Sept. 30, 1969 
Patented June 28, 1971 
Assignee Westinghouse Electric Corporation 

Pittsburgh, Pa. 

FREQUENCY SHIFT RELAYING PROTECTIVE 
NETWORK WITH NOSE CONTROL 
9 Clains, 13 Drawing Figs. 
U.S. Cli...................................................... 317/28, 

317/33,317136,340/310 
nt. Cl................. ... H02h 3/28 
Field of Search............................................ 317128,33, 

36;340/171,310,216, (Inquired) 

(56) References Cited 
UNITED STATES PATENTS 

2,860,324. 1 1/1958 Berger et al.................. 340/310 
3,144,585 8/1964 Blakemore................... 317/28 
3,312,866 4/1967 Rockefeller............ 317/28 
3,327,170 6/1967 Sonnemann.................. 340/310X 
Primary Examiner-James D. Trammell 
Attorneys-A. T. Stratton, C. L. Freedman and John L. 
Stoughton 

ABSTRACT: A frequency shift operated relaying system hav 
ing means for preventing tripping in the presence of noise and 
in which means is also provided to permit tripping in the 
presence of noise when the trip frequency is maintained for a 
minimum interval indicative of the existence of a fault condi 
tion. 
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FREQUENCY SHIFT RELAYING PROTECTIVE 
NETWORK WITH NOSE CONTROL 

BACKGROUND OF THE INVENTION 
In prior art frequency shift relaying systems operating on 

different frequencies of audio tones to provide guard and trip 
frequencies, means was provided to prevent undesired 
tripping of the circuit breaker and thereby the deemergization 
of the protected line section when no fault existed due to noise 
which may be present in the channel which transmits the tone 
signal from one relaying station to a second relaying station. 
This resulted in the inability of the primary protection being 
unable to trip the breaker in the event of a fault and the 
reliance upon the backup protection to actuate the breaker 
during the interval in which the normal tripping means was 
prevented from operation due to the existence of noise on the 
channel. Such channel could be a public utility transmission 
line between the two central offices, a microwave connection, 
a carrier current connection, etc. 

In accordance with this invention, means is provided in such 
a frequency shift relaying system to trip the breaker in the 
event of a fault even in the presence of a higher noise level. In 
the event of a fault in the protected line section, the trip 
frequency will continuously exist until the fault is cleared. 
Therefore when the trip frequency or tone continues for a 
predetermined minimum time interval, indicative of a fault, 
tripping will occur. Should the trip frequency be caused by 
channel noise such' frequency will not last as a continuous 
signal for this predetermined minimum interval. 

It is an object of this invention to provide means which will 
permit tripping of a breaker by a frequency shift relaying 
system even though a noise condition exists which would 
prevent such tripping of the breaker in prior art system. 
Other objects of the invention will be apparent from the 

description, the appended claims and the drawings, in which drawings: 
FIG. 1 is a block diagram showing a frequency shift relaying 

system embodying the invention; 
FIG. 2 is a block diagram of the receiver end of the relaying 

network of FIG. 1 showing certain blocks thereof in somewhat 
greater detail; 
FIG. 3 is a schematic diagram showing circuitry suitable for 

use in certain of the blocks of FIG. ; 
FIG. 3A is a chart showing certain operating characteristics 

of the apparatus of FIG. 3; 
FIG. 4 is a schematic diagram showing circuitry for use in 

certain other of the blocks of FIG. ; 
FIG. S is a chart showing a typical characteristic of a chan 

nel filter for use in connection with the receiver shown in FIG. 
2; 
FIG. 6 is a schematic diagram showing circuitry suitable for 

use in certain of the blocks shown in FIG. 2; 
FiG. 7 is a schematic diagram showing circuitry which may 

be used in certain other of the blocks of FIG. 2; 
FIG. 7A is a chart showing certain operating characteristics 

of the discriminator of FIG. 7; 
FIG. 7B is a chart showing certain operating characteristics 

of the relaying system of FIG. 2 when certain noise levels 
occur in the channel between station A and station B; 

FIG. 8 is a schematic diagram showing circuitry which may 
be used in the blocks shown in FIG. 2; 

FIG. 9 is a chart showing typical operating characteristics of 
the noise filter illustrated in FIG. 2; and, 

FIG. 0 is a schematic diagram of circuitry for use in FIG.2. 
Referring to the drawings by characters of reference, the 

numeral indicates generally an oscillator and keyer network 
at station A; shown in block form in FIG. 1 and in schematic 
form in FIG. 3. The numeral 2 designates a transmitter-ampli 
fier network at station A; shown in block form in FIG. 1 and in 
schematic form in FIG. 4. 
The numeral 3 indicates the receiving network at the station 

B; shown in block form in FIG. and in more detailed blocks 
in FIG. 2. The signal generated by the networks and 2 at the 
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2 
switching station A is connected to a telephone terminal 32 
also at station A. This terminal 32 connects with a local 
telephone company central office A by a local telephone cable 
pair 33. The signal thus supplied to the central office A is 
transmitted to the telephone central office B by any usual 
channel, wired or unwired and diagrammatically shown by the 
dash line 59. The central office 58 connects by means of a 
local cable pair 56 with a telephone terminal 55 at the 
switching station B. This terminal 55 connects with the receiv 
ing network3. 
The frequency shift oscillator comprises a Schmidt trigger 

circuit 4 which is controlled from suitable apparatus 6 which 
responds to the existence of fault current and/or voltage at the 
switching station A. This apparatus is not shown in detail since 
any conventional apparatus for use in frequency shift protec 
tive relaying systems may be used. This apparatus 6 controls 
the voltage applied to the Schmidt trigger circuit 4. When 
voltage applied to the Schmidt trigger circuit is below a criti 
cal value, the clamp network 8 is connected in one winding 11 
of a transformer 12. The other winding 13 of the transformer 
12 is connected to the input terminals 16 of the oscillator 14 
and is shunted by a capacitor 18. When the clamp network 8 
effectively open-circuits the capacitor 10, the oscillator 14 
generates the transmitted signal at guard frequency at its out 
put terminals 16. With the clamp network 8 conducted the 
capacitor 10 is effective to change the generated signal to trip 
frequency. The Schmidt trigger circuit 4 controls the operat 
ing condition of the clamp network 8 as indicated in the chart 
of FG. 3A. 

The output terminals 20 of the oscillator 14 are connected 
to the input terminals 24 of the transmitter-amplifier 2 which 
has its output terminals 26 connected to the input terminals 28 
of the primary winding 29 of the conventional transformer 30 
at the telephone terminal 32. The terminal 32 is closely ad 
jacent to the location of the switching station A of the pro 
tected transmission line. The secondary winding 34 of trans 
former 30 includes an adjustable tap 35 and is connected to 
energize a pair of busses 36-37 which energize the cable pair 
33 which interconnects the telephone terminal 32 with the 
telephone central office 38. The conventional mutual inductor 
40 of terminal 32 has the end terminals of its winding 41 con 
nected between the busses 36-37 and has a center tap con 
nection 42 connected to earth through the gap 44. 
The cable pair 33 at the central office 38 is shunted by 

means of the usual mutual inductor 46 which has its end ter 
minals separated from the cable pair 33 by the usual spaced 
carbon blocks 47 and 48. The center tap connection 50 of the 
inductor 46 is connected to earth at the location of the 
telephone office 38. 
The remote switching station B is provided with a receiving 

network 3 shown in greater detail in the block diagram of FIG. 
2. The receiving network 3 is coupled by the pair of conduc 
tion 5 and the usual transformer 54 to the cable pair 56 at the 
telephone terminal 55. The telephone cable pair 56 connects 
the terminal 55 with the telephone central office 58 which 
serves the telephone terminal 55. 
Upon the occurrence of a fault which includes zero 

sequence current at the station A, the potential of the earth 43 
at the telephone terminal 32 will vary considerably with 
respect to the potential of the earth 51 at the telephone cen 
tral office 38 at the frequency of the transmission line. This 
difference in potential of the earth at locations 43 and 51 
causes to flow through each half of the winding 41. Since the 
potential induced in the two winding portions by this current 
flow is not exactly balanced, a potential having a fundamental 
frequency of the power line and rich in harmonics will be in 
duced into the cable pair 33 and will be transmitted along with 
the oscillator signal to the receiver 3 as noise. As will be ex 
plained in more detail below, and as shown in greater detail in 
FIG. 7 this noise will prevent the substantially instantaneous 
operation of the breaker trip control 60 to prevent false actua 
tion by noise but will permit operation of the trip control when 
the trip frequency continues for a predetermined minimum 
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time interval which may for example be 25 milliseconds. The 
breaker trip control 60 is converted through a control network 
61 to the output terminals 62 and 63 which are energized 
respectively by the signal generated by the transmitter 2 and 
by the noise responsive network. 
The receiver network 52 comprises a plurality of modules 

64, 65, 66 and 67. The modules 64 and 66 provide a filter 
band pass characteristic as shown in FIG. 5 and a combined 
band pass and notch filter as shown in FIG. 9 respectively. 
Preferably suitable filters are used as for example those sold 
under the trade designations HB-6300 (FIG. 5) and 
HB-55183 (FIG. 9) by RFL Industries, Inc., Boonton, N.J. 
(formerly Radio Frequency Laboratories). Any other suitable 
modules which provide the desired output characteristics may 
be used such as a combination of simple filters and logic cir 
cuits, FIG. 5 shows the filter characteristic of two filters such 
as 64 and represents the relative band pass characteristics 
when multiplexing of the channel is used to transmit two intel 
ligence signals. Only one filter module 66 is used to respond to 
noise and the noise responsive module 67 would be used in 
conjunction with each of the sets of intelligence modules cor 
responding to modules 65 and 66 which are associated with 
each of the added filter modules which are tuned to the mul 
tiplexed signal. 
The output terminals of the filter module 64 are converted 

to the input terminals 68 of the receiver limiter and signal su 
pervisory intelligence module 65. The frequency of the signal 
supplied to this module 65, as illustrated in FIG. 5, is limited to 
substantially the frequency range of the signal between the 
trip and guard frequencies. The line 70 shows the center 
frequency, the line 70T trip frequency and line 70G guard 
frequency. The lines 72, 72T and 72F show the similar signal 
frequency for an adjacent intelligence signal. 
The module 65 contains an amplifier section 74 which sup 

plies the amplifier signal to an amplitude limiting network'76, 
the output of which is connected to the input 78 of the dis 
criminator and DC amplifier intelligence module 66. The 
module 66 includes a frequency shift discriminator network 
80 having its input energized from the terminal 78 and it is 
supplied to the clamping network 82. The network 82 is in 
turn connected to the trigger network 84 and this in turn to 
clamping network 86. The output of the network 86 is am 
plified by a DC amplifier88 and supplied to the before men 
tioned output terminal 62 of the intelligence module 66. The 
terminal 62 is connected through one input terminal of an 
AND network 90 and to one terminal of the timing network 
90 while the output terminal 63 is connected through a NOT 
network 94 to the other input terminal of the AND network 
90. When a signal of trip frequency occurs at the input ter 
minals 68 of module 65 an output signal is provided at the out 
put terminal 62 of the module 66 which will, in the absence of 
a signal at terminal 63, cause the AND network 90 to energize 
its output terminal 95. The terminal 95 is connected to one 
input terminal 96 of the OR network 97. With the terminal 96 
energized, the OR network 97 will actuate the breaker trip 
control 60. 
The receiver 3 includes the noise module 67 which has two 

sets of input terminals 98 and 99. The terminals 98 connect 
directly with the conductor 5 through a resistor while the ter 
minals 99 connect with the conductors through the filter 
module 66 and a resistor. The signal at the terminals 98 passes 
through a sensitivity control 180, is amplified by amplifier 101 
and the amplified signal is rectified in the rectifier 102 and 
supplied to the trigger network 103. Similarly the signal at the 
terminals 99 is passed through a sensitivity control 104, an 
amplifier 105 and a rectifier 06 to the trigger network 103. 
The trigger network 103 is connected through a delay network 
107 to the amplifier 108 which has its output connected to the 
output terminal 63. 
The strength of the output quantity of the rectifier 102 is a 

measure of the magnitude of the total energization of the ter 
minals 5 throughout the total range of the energy frequencies 
and is representative of the noise level as well as the level of 
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4. 
the intelligence signals. As is indicated by FIG. 9, the filter 
module 66 passes only a limited band of relatively low 
frequency energy which as indicated may be between 300 Hz. 
and 950 Hz. Assuming a 60 Hz. power transmission line, the 
filter 66 will pass generally from the 5th to the 15th odd har 
monic frequencies. The band-pass filter or noise filter 66 pro 
vides a high impedance to a frequency which is substantially 
midway between the 5th and 15th harmonics. A suitable 
frequency for this narrow band high impedance is 595 Hz. 
This notch 110 is provided to attenuate the 595 Hz. frequency 
supplied by the oscillator amplifier combination 12 located 
at the telephone terminal 32. If no frequency distortion is 
present in the 595 Hz. signal between the terminal 32 and the 
receiving network 3 the filter 66 will attenuate the 595 Hz. 
signal and except for a small increase in the overall noise level, 
the module 67 will be uneffected. The 595 Hz. signal does 
however, indicate a frequency translation in the connecting 
circuit and if the 595 Hz. signal as received is not substantially 
at the frequency which is attenuated by the notch 10, the 
result is a noise to which the module 67 will respond to 
prevent false actuation of the breaker trip control 60 which 
might otherwise occur due to a frequency swing or distortion 
in the interconnection from the oscillator 112 to the receiving 
network 3. 

It is desirable to monitor the connection between the sta 
tions A and B to insure the absence of any substantial amount 
of frequency distortion. In the event that the distortion was in 
a direction to increase the frequency, the trip frequency could 
be ineffective to cause a tripping or if multiplexing were used 
the guard frequency 72G might even increase sufficiently to 
provide the trip frequency 70T and falsely trip the breaker in a 
direction to decrease the frequency. The guard frequency 70G 
might decrease sufficiently to provide the trip signal 70T. 
When noise is received at the input terminals 98 and/or 99 of 
module 67 of sufficient intensity, the module 67 provides an 
output signal at its output terminal 63 which actuates the NOT 
circuit 94 and removes the signal normally provided thereby 
to the AND circuit 90. With the NOT circuit so energized, the 
intelligence module 66 is ineffective to cause the AND circuit 
90 to actuate the OR circuit 97. 

If however the energization of the output terminal 62 is 
maintained for the minimum interval for which the first timer 
114 of the timing network 92 is set to provide the delay before 
actuation of the second timer 16thereof, the OR circuit 90 is 
actuated to actuate the breaker trip control 60. If the output 
terminal 62 is not maintained energized for the entire 25 mil 
lisecond delay of the timer 114, even though only momentari 
ly interrupted, the timer 14 will reset and the signal at ter 
minal 62 must again exist for the minimum timing period of 
the timer 14. In order to insure operation of the breaker trip 
control 60 by the OR circuit 97 rapidly upon timing out of the 
timer 14, the timer 116 is provided with substantially no 
delay time upon energization. In order to maintain the OR cir 
cuit 97 energized for a time period subsequent to any resetting 
of the timer 114 after it has timed out, the timer 16 provides 
a time delay sufficient to provide a positive actuation of the 
breaker trip control 60. 
While the various modules 1, 2, 65, 66 and 67 may take 

various forms, suitable circuitry therefor is illustrated in FIGS. 
3, 4, 6, 7 and 8. Even though these schematics are believed to 
be self-explanatory to those skilled in the art in view of the 
foregoing description a brief description of the operation of 
each is believed to be in order. 
The oscillator and keyer module (FIG. 3), during normal 

operation of the transmission line protected by the relaying 
network does not receive sufficient voltage at its input ter 
minals 18 to render the transistor Q1 conducting with 
transistor Q2 nonconducting. The transistor Q2 conducts in 
response to base current which flows from the positively ener 
gized bus B1 through the resistor R1 base to emitter in the 
transistor Q2 and resistor R2 to the negative bus B2. The value 
of the resistance of the resistor R2 is low (it may conveniently 
be 47 ohms) so that when the transistor Q2 conducts through 



S 
a circuit extending from the bus B1 through a resistor R3 and 
the collector to emitter in the transistor Q2 substantially the 
entire potential drop between the busses B1 and B2 appears 
across the resistor R3 (which, for example, may be of 510 
ohms). With the transistor Q2 conducting, no base current 
will be supplied to the transistors Q3 and Q4 so that the circuit 
extending from the winding 11 of the transformer 12 through 
the capacitor 10 and the resistor R4 is open circuited. Under 
these conditions, the transformer 12 in cooperation with the 
capacitor 18 tunes the multivibrator type oscillator 14 to 
generate the guard frequency. This frequency may be 
anywhere from 1360 to 3060 Hz. or such other range depend 
ing upon the desires of the designer. The output signal is sup 
plied by the transformer 12 to the output terminals 20 of the 
oscillator 4 to the sensitivity control 120. 
As indicated in FIG. 3A, the transistors Q3 and Q4 of the 

clamp conduct to cause the oscillator 14 to provide the trip 
frequency when the voltage between the busses B1 and B2 ap 
proaches. 16. volts. The transistors Q3 and Q4 will be main 
tained conducting until the potential between the busses B1 
and B2 is reduced by the apparatus 6 to a value which may be 
substantially 12% volts. When the potential between busses 
B1 and B2 approached 16 volts, the Zener diode Zi began to 
conduct base current from the bus B1 through the resistor R5, 
base to emitter in the transistor Q1, and resistor R2 to the bus 
B2. With the transistor Q1 conducting, the base drive current 
for the transistor Q2 is shunted and the transistor Q2 ceases to 
conduct and base current flows from the bus B1 through the 
resistor R3 to the transistors Q3 and Q4. These transistors 
conduct and effectively insert the capacitor 10 into the circuit 
of the transformer 12 to tune the oscillator 14 to generate the 
trip frequency. Depending upon the bandwidth of frequencies 
which is desired the trip frequency 70T may be anywhere from 
170 to 340 Hz, below the guard frequency 70G. 
The input terminals 124 of the transmitter module 2 (FIG. 

4) are connected through a gain or sensitivity control 125 to 
the transistor Q5 and then to the transistors Q6 and Q7 to 
transmit the signal to the telephone terminal 32 through a 
filter 126. The filter 126 is of course optional but it does 
benefit the transmission of the signal. 
The receiver limiter and signal supervisory module 65 of the 

receiving network 3 (FIG. 6) has its input terminals 68 con 
nected to the channel filter 64. The amplifier 74 is connected 
to the input terminals 68 through a sensitivity control 127. 
The output of the amplifier 74 is supplied through the resistor 
R10 and capacitor C10 to the base of the transistor Q10. The 
transistor Q10 has its collector connected to bus B10 con 
nected to the positive potential supply and its emitter con 
nected through a resistor R to the negative bus B11 which is 
connected to the negative terminal of the potential supply. 
The limiter 76 of the module 65 is provided with a second 
transistor Q11 having its emitter connected through a resistor 
R12 to the bus B10 and its collector connected through the re 
sistor R to the bus B1 1. The base of the transistor Q11 is 
connected through a resistor R13 to a bus B12 which is main 
tained at a desired negative potential with respect to the bus 
B10 by means of the Zener diode Z10 and voltage dropping 
resistor R4. The transistors Q10 and Qi and their as 
sociated circuitry limit the magnitude of the voltage swings 
supplied to the input terminals 78 of the frequency shift dis 
criminator and DC amplifier module 66. 
The module 66 is shown in detail in FIG. 7. The discrimina 

tor 80 may take any of usual forms common to the art and is il 
lustrated in FIG. 7 as comprising a pair of transformers T20 
and T21. One is connected in a tuned circuit tuned to the trip 
frequency. The other is connected in a tuned circuit tuned to 
the guard frequency. The outputs of the transformers T20 and 
T21 are applied through resistors R20 and R21 across a poten 
tiometer R22 having its movable balancing tap connected to a 
common connection between the transformers T20 and T21. 
The transformers T20 and T21, in the usual manner, provide 
the output characteristic as indicated by the curve of FIG. 7A. 
In the instance shown, the center frequency 70 is 2295 Hz. 
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and there is a frequency difference of 170 Hz. between the 
guard 70G and trip 70T frequencies. When guard frequency is 
received a negative voltage appears at the base of the 
transistor Q20 of the clamping network 82 whereby the 
transistor Q20 is maintained in its nonconducting state. When, 
however, the trip frequency is received the potential supplied 
to the base becomes positive and the base current flows to 
render the transistor Q20 conducting. When transistor Q20 
conducts, formerly conducting transistor Q21 becomes 
blocked and thereafter base current flows from the positive 
bus B20 through the base emitter circuit of the transistor Q22. 
Transistor Q22 conducts and base current flows through the 
resistor Q23 to raise the potential of the output terminal 62. 

In the prior art devices, the module 67 was connected to 
render a normally nonconducting transistor Q24 conducting 
in the event of noise in the transmission link. When conduct 
ing, transistor Q24 maintains the base potential of the 
transistor Q22 sufficiently low to prevent the conduction of 
transistor Q22 in response to any operation of the transistor 
Q21. In accordance with this invention however, this intercon 
nection is not used. As discussed above the alteration of the 
actuation of the breaker trip control 60 by the module 66 is 
accomplished by connecting the breaker trip contact 60 to the 
module 66 and the noise supervisory module 67. As described 
above, the presence of noise prevents immediate operation of 
the breaker trip control by the module 66. 
The line level and noise supervisory module 67 is shown in 

greater detail in FIG.8. The input terminals 99 are connected 
to the input of the amplifier 105 through the sensitivity adjust 
ment control 104. The output of the amplifier 105 is supplied 
to the transistor Q30 which controls the degree of energiza 
tion of a transformer T30, the output of which is supplied to a 
trigger circuit comprising the transistors Q31, Q32 and Q33 of 
a trigger circuit similar to the trigger circuit described above 
in connection with the module 1. The output of the trigger cir 
cuit 103 is connected through a delay network 107 which 
comprises the transistors Q34, Q35 and thereafter through the 
amplifier 108 which comprises the transistors Q36 and Q37. 
When the transistor Q37 conducts, the potential of the output 
terminal 63 of the module 67 is maintained substantially that 
of the positive bus B30 and when energized operates the NOT 
network 94 to remove the input signal normally supplied by 
the NOT network to the AND network 90. 
The module 67 also has its input terminals 98 connected 

directly to the line 5 and through a sensitivity control device 
100 to the amplifier 101 which like the amplifier 105 has its 
output connected to the input terminal 128 of the trigger net 
work 103. The sensitivity adjustments 104 and 100 are 
preferably adjusted, as indicated in FIG. 7B, so that the noise 
sampled by the noise filter, when it reaches an 18 decibel mag 
nitude, will energize the output terminal 63 of the module 7. 

FIG. 10 illustrates, schematically, a circuit which may be 
used in the module or network 61. The input terminal 130 is 
connected to the output terminal 62 of the intelligence 
module 66 and through resistors 132 and 134 to the common 
terminal 136 between the diodes 138 and 140 of the AND net 
work 90. The common connection between the resistor 132 
and 134 is connected to the common connection 143 between 
resistors 142 and 144. A diode 146 is connected between this 
common connection 143 and the base of a transistor 148 hav 
ing its emitter connected to the negative bus 150 and its col 
lector connected through the resistor 142 to the connection 
143. A timing capacitor 152 is connected in shunt with the 
collector-emitter circuit of the transistor 148. A transistor 154 
has its base emitter circuit connected through a Zener diode 
156 across the capacitor 152. When the charge on the capaci 
tor 152 reaches a critical charge (as determined by the R/C of 
its charging circuit), the diode 156 will conduct base current 
and the transistor 154 will conduct. 
When the potential of the terminal 143 is made positive 

with respect to the bus 150 due to presence of a signal at trip 
frequency, the capacitor 152 charges to time out the predeter 
mined minimum time interval during which the signal at trip 
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frequency must continuously exist to actuate the breaker trip 
control 60. if the signal at terminal 130 is removed the 
transistor 148 will conduct and discharge the capacitor 152 to 
its initial condition. 
The collector of the transistor 54 is connected to the com 

mon point 58 of a pair of resistors 160 and 162 which are se 
ries connected between positive and negative busses 164 and 
166. A transistor 168 has its collector connected to bus 164 
through a voltage dropping resistor 170, its emitter connected 
to bus 166 and its base connected to point 158. The collector 
is also connected to the output terminal 171 of the timer 16 
through two parallel circuits 172 and 173. Each of these paral 
lel circuits 172 and 173 includes a diode having its anode con 
nected to the collector and a resistor connecting the cathode 
to the terminal 171. A capacitor 174 and a discharging resistor 
175 are connected in parallel between the common connec 
tion of the diode and resistor of the parallel circuit 173 and the 
bus 66. 
When the transistor 154 is not conducting base current 

flows in the transistor 68 and the potential of the terminal 
171 is maintained substantially at the potential of the negative 
bus 66. When the transistor 168 is rendered nonconducting 
due to the timing out of the timer 14 and the conduction of 
the transistor 154, the potential of the collector of the 
transistor 68 rises and the conduction through the circuit 172 
elevates the potential of the terminal 17. The conduction 
through the diode of circuit 73 rapidly changes the capacitor 
174. When the transistor 168 subsequently becomes conduc 
tive, the capacitor 74 will maintain the potential of the ter. 
minal 171 elevated for a desired time interval as determined 
by the R/C constant of the resistor 175 and capacitor 174. 
The base of the transistor 76 of the NOT circuit 94 is con 

nected to receive base drive current from the input terminal 
178 through a diode 180 and a resistor 82. The emitter is 
connected to the cathode of the diode 40 of the AND circuit 
90 and the collector is connected to the negative bus 184. 

in the absence of noise, the module 67 will be ineffective to 
supply base drive to the transistor 176. In the absence of a 
signal at trip frequency, the intelligence module 66 will not 
energize the terminal 30 sufficiently to either case the timer 
14 to time or the AND network 90 to actuate the OR net 

work 97 for energization of the breaker trip control 60. In the 
presence of a signal at trip frequency, the intelligence module 
66 will elevate the potential of the terminal 130 and that of the 
terminal 96 of the OR network 97 through the diode 138 and 
resistors 32, 34 and 186 to cause conduction of the 
transistor 188 of the breaker trip control 60. 

If however, noise actuates the noise responsive module 67, 
the base current will flow through the transistor 176 and the 
transistor 176 will conduct and maintain the potential of the 
terminal 136 at a potential sufficiently close to that of the 
negative bus 184 to prevent the transistor 88 from conduct 
ing. Under these conditions, the capacitor 52 will charge at a 
rate determined by the resistor 142. At the end of the timing 
interval of the timer 14, assuming the signal at trip frequency 
is a time signal and the modules 65 and 66 are not being falsely 
actuated by noise at the trip frequency, the timer 114 will 
cause the transistor 188 to conduct and thereby trip the 
breaker (not shown) even though the noise persists. 
My invention will prevent the substantially instantaneous 

operation of the breaker from occurring in the presence of 
noise in the transmitted signal and thereby prevent false 
breaker operation by such noise as was accomplished by the 
prior art. My invention additionally permits breaker operation 
in the presence of noise when a fault occurs in the potential 
line section without the reliance upon backup line protection. 

Since numerous changes may be made in the above 
described apparatus and different embodiments of the inven 
tion may be made without departing from the spirit thereof, it 
is intended that all matter contained in the foregoing descrip 
tion or shown in the accompanying drawings, shall be in 
terpreted as illustrative and not in a limiting sense. 

I claim: What is claimed and is desired to be secured by U.S. 
Letters Patent is as follows: 
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8 
1. Apparatus for use in a frequency shift relaying system 

wherein the system utilizes a control signal transmitted at first 
and second frequencies to said apparatus and which signal is 
subject to noise superimposed thereon comprising, a first net 
work for actuation by said signal and having a first output 
when said signal is at said first frequency and a second output 
when said signal is at said second frequency, a second network 
for actuation by said noise and having a third output when said 
noise is present, third and fourth networks, each of said third 
and fourth networks having first and second input terminals 
and an output terminal, means connecting said first network 
to said first input terminal of said third network whereby said 
just-mentioned first input terminal is energized by said first 
and second outputs of said first network, means connecting 
said second network to said second input terminal of said first 
network whereby said just-mentioned second input terminal is 
energized by said third output, means connecting said output 
terminal of said third network to said first input terminal of 
said fourth network, a fifth network, means connecting said 
fifth network between said first network and said second input 
terminal of said fourth network, said third network being ef 
fective to provide a first control signal to said first input ter 
minal of said fourth network solely in the absence of said third 
output to said second input terminal of said third network, 
said fifth network being effective to supply a second control 
signal to said second input terminal of said fourth network 
solely subsequent to a predetermined minimum time interval 
during which said second output is continuously supplied 
thereto, said fourth network being effective to provide a third 
control signal at its output terminal when at least one of said 
first and said second control signals are supplied thereto. 

2. The combination of claim in which said third network is 
effective to supply said first control signal solely when said 
first network is supplying said second output. 

3. The combination of claim 2 wherein said fifth network 
maintains said second control signal for a predetermined 
minimum time interval subsequent to termination of said 
second output. 

4. The combination of claim 1 in which said fifth network 
includes first and second timing devices, said first timing 
device being connected between said first network and said 
second timing device and effective to actuate said second tim 
ing device solely subsequent to said predetermined minimum 
time interval during which said second output is continuously 
supplied to said fifth network, said second timing device being 
connected between said first timing device and said second 
input terminal of said fourth network and effective to substan 
tially immediately apply said second control signal upon ac 
tuation by said first timing device and to maintain said second 
control signal for its said predetermined minimum time inter 
val after actuation of said second timing device by said first 
timing device is terminated. 

5. The combination of claim 3 in which said third network 
comprises an AND network and a NOT network, said AND 
network having a pair of input terminals and an output ter 
minal, one of said input terminals of said AND network being 
said first terminal of said third network, said output terminal 
of said AND network being said first terminal of said AND 
network, said NOT network being connected between the 
other of said input terminals of said AND network and said 
second input terminal of said third network. 

6. In a relaying system for protecting a section of a power 
transmission line extending between a first station and a 
second station, signal receiving equipment at said second sta 
tion, said equipment having a pair of input terminals adapted 
to receive a variable frequency signal from said first station, 
switch actuating means, connecting means connecting said 
equipment to said actuating means, said receiving apparatus 
comprising first and second modules, said first module being 
connected to said input terminals and effective in response to 
the reception at said terminals of a first frequency of said 
signal to provide a first output and to provide a second output 
in response to the reception at said terminals of a second 
frequency of said signal, said second module being connected 
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to said input terminals and responsive to frequencies at said 
terminals other than said first and second frequencies to pro 
vide a third output, said connecting means including a first 
network, and a timing device and a second network, said first 
network having first and second input terminals and an output 
terminal, means connecting said first module to said second 
input terminal of each first network and said second module to 
said first input terminal, said first network being effective to 
provide a first operating signal at its said output terminal sole 
ly when said second output is supplied by said first module and 
said third output is supplied by said second module, said 
second network having first and second input terminals and an 
output terminal, means connecting said output terminal of 
said first network to said first input terminal of said second 
network and said output terminal of said timing device having 
an input and an output terminal, means connecting said input 
terminal of said timing device to said first module and said 
output terminal of said timing device to said second inputter 
minal of said second network, said timing network being effec 
tive to provide a second operating signal at its said output ter 
minal solely subsequent to the existence of said second output 
for a predetermined minimum time interval, said second net 
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10 
work being effective upon the existence of at least one of said 
operating signals to provide an actuating signal to actuate said 
actuating means. 

7. The combination of claim 6 in which said connecting 
means includes means to maintain said actuating signal for an 
interval subsequent to the occurrence of said second operat 
ing signal and to the disappearance of said second output. 

8. The combination of claim 6 in which said timing device 
includes signal maintaining means to maintain said second 
operating signal for an interval subsequent to the disap 
pearance of said second output. 

9. The combination of claim 8 in which said timing device 
includes a first timer to time out said minimum time interval 
and said signal maintaining means includes a second timer, 
said first timer being operable to return to an initial condition 
to time said minimum time each time said second output is 
removed, said second timer being effective to initiate said 
second operating signal substantially immediately subsequent 
to the timing out of said minimum time interval by said first 
timer. 


