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My invention relates to a simple and improved 
System and apparatus for protecting an alter 
nating-current transmission-system against out 
of-Step or out-of-synchronism conditions, either 
for the purpose of blocking tripping at a point 
where an opening of the system would he dis 
advantageous, or for the purpose of causing a 
tripping-operation at a point where it is desired 
that the two out-of-step portions of the System 
should preferably be separated from each other 
by an opening-operation of the breakerS. 

Heretofore, Several different out-of-step re 
laying Systems have been known, including a SyS 
tem depending upon the use of carrier-current 
relaying, as described in my Patent 2,144,494 
granted January 17, 1927; and a System having 
a complex dependence upon the Successive opera 
tion of non-directional fault-detectors of differ 
ent Sensitivities, during the progress of an out 
of-Synchronism Swing, as described in the LeWis 
Patent 2,210,680, granted August 6, 1940. 
In addition to the foregoing previously known 

out-of-step protective relaying Systems, a relay 
ing System has been known, but not for Out-of 
step detection, in which the phase-angle. Zone in 
which all fault-currents will lie was blocked off 
by two directionally responsive modified-imped 
ance relays, as shown in Fig. 4 of the Golds 
borough Patent 2,386,209, granted October 9, 
945. 
It is an object of my present invention to provide 

means for detecting an out-of-Synchronism con 
dition by the occurrence of a line-current of fault 
magnitude at a phase-angle which is Outside of the 
phase-angle Zonein which fault-Currents can occur. 
This out-of-step detection can either be utilized to 
cause tripping at the Station where a Separation 
of the out-of-step portions of the transmission 
system is desirable, or it can be utilized to block 
tripping at another Station, and to continue Said 
blocking action during the time when the line 
current Swings into the region of the phase-angle 
of fault-currents during an out-of-Synchronism 
Swing of the two portions of a transmission 
System. 
A more Specific object of my invention is to 

combine, with the foregoing out-of-step detec 
tion, a relaying response which insures that the 
3-phase line-current is larger than a predeter 
mined current-value higher than the maximum 
load-current value, but not much larger than 
this value; so as to further distinguish between 
3. out-of-step swing-condition, in which the 
current-values gradually increase, and a fault 
condition, in which the current substantially in 
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stantaneously reaches its fault-value; this pro 
vision being made in addition to the use of Zon 
ing directionally responsive elements for mark 
ing off the zone or phase-angle band in Which 
fault-currents must lie. 
With the foregoing and other objectS in View, 

my invention consists of the circuitS, Systems, 
combinations, parts and methods of design and 
operation, hereinafter described and claimed, and 
illustrated in the accompanying drawing, wherein 

Fig. 1 is a simplified diagrammatic view of 
circuits and apparatus embodying my invention 
in an illustrative form of embodiment; 

Fig. 1A is a simplified Schematic diagram of 
the out-of-step detecting-apparatuS Such aS 
would be utilized at the breaker of the Station 
L in Fig. 1, in case a separation of the System 
should be desirable at this point, under out-of 
Step conditions; 

Fig. 1B is a similar view of apparatuS Such as 
would be used at the breaker f3 of the Station 
M, in case it should be desirable to block Out 
of-step tripping at this point; and 

Fig. 2 is a phase-angle diagram, in polar CO 
ordinates, showing the loci of the line-currents 
which are obtained during two possible different 
out-of-step conditions at the breaker 3 of the 
station M in Fig. 1, and also showing the phaSe 
angle Zone in which all three-phase fault 
currents must lie. 
In Fig. 1, I have illustrated one kind of trans 

mission-system to which my present invention 
would be applicable. In Fig. 1, I Show three 
Substations of a 3-phase, 60-cycle transmission 
system in which out-of-step-responsive relayS 
would be needed. The three geographically 
separated substations are indicated by the Sev 
eral 3-phase station-buses L, M and N, respec 
tively. The system is indicated as having gen 
erating capacity connected thereto at the Stations 
L and N, as indicated schematically by the Syn 
chronous generators GL, and GN. 
A 3-phase line-section is indicated as joining 

the buses L and M, to which Said line-Section is 
connected by breakers if and 2, having trip- - 
coils TC11 and TC12, respectively. A 3-phase tie 
line 2 is indicated as being connected to the line 
Section near the end where the breaker 2 is 
located. The station M is further indicated aS 
having two 3-phase line-Sections 3 and 4 con 
nected thereto, through breakerS 3 and 4, hav 
ing the trip-coils TC13 and TC14, respectively. 
The line-section 3 is represented as connecting 
the station-bus M to the station-bus N, with a 
breaker 5 at the point of connection with the 
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bus N, said breaker having a trip-coil TC15. The 
line-section 3 is also represented as having a 
3-phase tie-line 5 connected thereto, near the 
end where the breaker 5 is located. The 
station-bus N is also represented as having an 
other line or lines connected thereto, as Symbo 
lized by the 3-phase line 6, which is connected 
to the bus N through a breaker 6 having a trip 
COil TC16. 

In a transmission system. Such as has just been 
described, as shown in Fig. 1, it may be supposed 
that the generating-capacity which is available 
at the bus N is sufficient, in general, to carry the 
load at the bus M, in case of a failure or non 
availability of the generating-capacity Which is 
connected to the bus II, and it may also be a S 
sumed that the available generating-capacity at 
the bus L. Would not be sufficient to carry the load 
at M, in case of a failure or non-availability of 
the generating-capacity at the buS N. Such situ 
ations commonly arise, in interconnected trans 
mission systems such as that which is shown in 
Fig. 1. It may also be assumed that the electrical 
center of the transmission system which is shown 
in Fig. 1 may be either to the right or left of the 
intermediate station M, depending upon the dis 
tribution of the generating-capacity Which is 
connected to the System at various points, either 
at the buses L and N as shown, Ol' at the bus M. 
itself (not shown), or at the ends of the various 
tie-lines 2, 4, 5 and 6. 

Fig. 2 is a phase-angle diagram, in polar co 
ordinates, indicating line-current conditions, 
such as might exist at the breaker 3 at the inter 
mediate Station M, plotting the envelopes of the 
various possible line-currents with respect to the 
Systein-Voltage E. at the station M. 
Under One Set of System-conditions, the elec 

trical center of the system is somewhere between 
the stations L and M, in which case the locus of 
the ends of the line-current vectors at the breaker 
f3 of the station M, during out-of-step system 
conditions, might be as indicated by the curve 2 
in Fig. 2. Each point in the curve 2f indicates 
the end of a current-vector which depicts, in 
polar coordinates, the magnitude and phase of 
the line-current at the breaker 3, with respect 
to the line-voltage E at the same place. The vari 
ous angles Which are marked on the curve 2 in 
Fig. 2 indicate the phase-angles between the 
Voltage E at the bus M and the internal voltage 
Of the generator GL at the bus L. 
During other System-conditions, it is possible 

that the electrical center of the System will fall 
Somewhere between the buses M and N, in which 
case the locus Of the ends of the line-current 
Vectors at the breaker 3, when plotted with re 
Spect to the line-voltage E at the same place, 
may be Something like that which is shown by 
the curve 22 in Fig. 2, in which case the various 
phase-angles which are indicated at different 
points around the curve 22, are the phase-angles 
between the voltage E at the bus M, and the in 
ternal Voltage of the generator GN at the bus N, 
in the course of a complete out-of-synchronism 
SWing. 

Fig. 2 also depicts a phase-angle Zone for three 
phase fault-currents, which is illustrated as lying 
between a 40° lagging phase-angle with respect 
to the station-M voltage E, and a 100 lagging 
phase-angle with respect to the same voltage, 
aSSunning that the line-section E has an imped 
ance-angle of Something like '70°, or somewhere 
near the middle of the phase-angle fault-Zone 
which is included between the straight lines 
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4 
marked 40 and 100, respectively, as indicated 
by the shaded Zone in Fig. 2. Fig. 2 also shows 
the scale of current-magnitudes. To fix our ideas 
On Something definite, it may be aSSumed that 
the full-load current flowing over the line-Section 
3 is somewhat less than 500 amperes. 
In accordance With my present invention, I 

have provided two biased directional elements 
D and D2, that is, directional elements in which 
the Zero-torque is biased, or at a diflerent phase 
angle, than in the directional elements Such as 
have heretofore been commonly used, in connec 
tion with protective relays for transmission sys 
tems. Ordinarily, a directional element, as here 
tofore used, has had a Zero-torque angle at a line 
current phase-angle which is 90 displaced from 
the expected phase-angle of fault-currents. 
However, I displace this no-torque phase-angle 
of my directional elements, so that the no-torque 
current-angle of the element D is at 40 lagging, 
as indicated by the Straight-line D in Fig. 2, 
While the no-torque current-angle of the second 
directional element D2 is at 100 lagging, as indi 
cated by the straight line D2 in Fig. 2. These 
angles are just illustrative of any narrow angle 
range, leading and lagging with respect to the 
line Or ZOne in which it is expected that fault 
currents will fall, with any desired margin of 
Safety. 

Fig. 1A shows a simplified Schematic view of 
an out-of-step relaying System such as might be 
utilized at the breaker at the bus L., in accord 
ance With my invention, assuming that it is de 
Sired for the breaker to be tripped in response 
to any out-of-step Swing, so that the two portions 
Of the transmission System will be broken apart 
from each other at this point, in any case of loss 
of Synchronism. Fig. 1A shows just the means 
for responding to Out-of-step conditions, and not 
the usual fault-responsive relays such as would 
be utilized at every relaying point. 
For controlling the breaker f f at the station 

I, as shown in Figs. 1 and 1A, I utilize three over 
current relays IAL, IBL and ICL, one for each of 
the line-phases A, B and C, and two directional 
elements, which I have indicated, by way of ex 
ample, as phase-A elements marked DIAL and 
D2AL. In addition, as shown in Fig. 1A, I utilize 
two auxiliary direct-current relays marked X and 
X, in the out-of-step control of the breaker . 
The various relays which make up my relaying 

System, as shown in the accompanying drawing, 
include various line-responsive relays and various 
direct-current relays, the various coils and con 
tacts of which are separated into alternating 
current circuits and direct-current circuits, re 
Spectively, the various circuits being arranged, so 
far as practicable, after the manner of a schematic 
diagram or 'across-the-line' diagram. In each 
case, the main or operating coil of the relay is 
given a letter-designation or legend, and the same 
letter-designation or legend is applied to all of 
the contacts of that relay. The relays and 
SWitches are invariably shown in their open or 
deenergized positions. When a given relay has, 
in addition to its main or operating winding, an 
auxiliary Winding, such as a restraining coil or 
Winding, or a polarizing winding, the auxiliary 
Winding is given the same letter-designation, with 
a Subscript. Arrows or dotted lines are used, to 
Symbolically indicate how the various parts of 
each relay are connected together. When corre 
Sponding elements are utilized in different phases, 
they are distinguished by suffixes, such as A, B 
and C, for the different phases. In addition, a 
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Subscript L is added, to distinguish the line 
responsive relays which are located at the sta 
tion L. 
The alternating-current connections for the 

various line-responsive relays are shown in Fig. 1. 
The overcurrent elements IAL, IBL and ICL have 
similarly marked operating-coils which are ener 
gized from the various phases of a bank of line 
current transformers 3f, as shown in Fig. 1. Each 
of these relays has a single make-contact, which 
is marked by the same Symbols, as shown in Fig. 
1A. The two phase-A directional elements IDAL 
and D2AL have similarly marked current-respon 
sive coils which are connected in the phase-A 
circuit of the line-current transformers 3, and 
each of these directional elements has a single 
make-contact which is similarly marked, in Fig. 
A. Each of these directional elements DAL, 
and D2AL is also provided with a voltage-coil, 
distinguished by the subscript V before the sub 
script Li, in Fig. 1, and these two voltage-coils 
DAvL and D2AvL are Suitably energized from the 
B-C and A-C relaying-voltages which are sup 
plied by potential-transformers 4 at the Station 
L., as shown in Fig. 1, Suitable leading impedances 
Z and Z2 being connected in series with the re 
spective voltage-coils DAVI, and D2AWL, or other 
equivalent means being used, to effect the neces 
Sary shifting of the no-torque phase-angle of the 
respective directional elements, so that, when 
both of the directional elements respond, the 
phase of the line-current will fall somewhere be 
tween the 40° line D and the 100 line D2 in 
Fig. 2. 
The direct-current connections for the relaying 

equipment for the breaker at the station L are 
shown in Fig. 1A. The first line of this figure 
shows how the three serially connected make 
contacts IAL, IBL and ICL are utilized to energize 
a conductor 42 from the positive bus (--). The 
operating coil of the auxiliary relay X is connected 
between the conductor 42 and the negative bus 
(-). The Second line of Fig. 1A shows how the 
two serially connected make-contacts DAL and 
D2AL are utilized to energize a conductor A3 from 
the positive bus (--), and how the operating coil 
of the second auxiliary relay X is connected be 
tween the conductor 43 and the negative bus (-). 
The last line in Fig. 3 shows the tripping-circuit 
connections, utilizing the make-contact X, in 
series with the back-contact X?, to energize the 
trip-circuit conductor 44, Which continues On, 
to energize the trip-coil TC11 of the breaker , 
through the auxiliary make-contact a of the 
breaker, and thence to the negative bus (-). 

Fig. 1B shows a much simplified Schematic view 
of protective relaying apparatus for controlling 
the tripping of the breaker 3 at the station M, 
many parts being omitted in the interests of sim 
plicity. In this equipment, as shown in Fig. 1B, 
the line-responsive relays include three overcur 
rent elements IA, IB and IC, marked, in Fig. 1B, 
as having a pick-up value of 600 amperes: three 
other overcurrent elements IA, IB' and IC', 
marked as having a pick-up value of 800 amperes; 
and a single phase-A time-delayed overcurrent 
element IA, marked as having a pick-up value of 
400 amperes, and as having a time-delay in its 
response, as symbolized by a dashpot 59. In ad 
dition, the line-responsive relaying equipment, as 
shown in Fig. 1B, includes the two directional ele 
ments DA and D2A, which are similar to the 
direction elements DAL and D2AL, which are 
shown in Fig. 1A, except that the directional ele 
ments in Fig. 1B have back-contacts DA and 
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6 
D2A, respectively, and two make-contacts DA 
and D2A, as marked in accordance with the relay 
designation. 
The current-responsive coils of the several line 

responsive relays of Fig. 1B are energized, as 
shown in Fig. 1, from a bank of line-current trans 
formers 5; while the voltage-coils D'Av and 
D2Av are energized, through the impedances Z. 
and Z2, from a bank of potential-transformers 
6 which are connected to the bus M as shown in 
Fig. 1. 
In addition, as shown in Fig. 1B, I utilize two 

auxiliary direct-current relays marked X2 and T. 
The direct-current circuits, as shown in Fig. 1B, 
include the three serially connected make-con 
tacts IA, IB and IC of the 600-ampere overcur 
rent relays, which are utilized to energize a con 
ductor 62 from the positive bus (--). The three 
parallel connected back-contacts IA', IB' and IC' 
of the 800-ampere overcurrent relays are utilized 
to connect the conductor 62 to a conductor 63, in 
Fig. 1B. In addition, a bypassing switch 64 is 
provided, whereby the conductors 62 and 63 may 
be directly connected, thus indicating that the 
800-ampere relays IA', IB' and IC' need not al 
Ways be utilized. The two back-contacts DA 
and D2A of the directional elements are con 
nected in parallel with each other, to join the 
conductor 63 to a conductor 65, which is utilized 
to energize the operating coil of the auxiliary 
relay X2, which is connected between the con 
ductor 65 and the negative bus (-). 
Continuing the description of Fig. 1B, the sec 

Ond line of this figure shows the make-contact 
X2, of the auxiliary relay of the same designa 
tion, utilized to energize a circuit 66 from the 
positive bus (--), this circuit including a resis 
tor R, for energizing a circuit 67, which con 
tinues on, through a variable resistor R2 and the 
operating coil of the auxiliary relay T, to a con 
ductor 68 which is connected to the negative bus 
(-). Relay-coil T and the resistor R2 are 
shunted by a capacitor C which serves to provide 
a time-delay of the order of a second, or from 
to of a Second to a second or more, in the drop 
out time of the relay T. 
The third line of Fig. 1B shows the phase-A 

tripping-circuit connections, in which three seri 
ally connected make-contacts, IA', Df A and D2A, 
are utilized to energize a conductor 7 from the 
positive bus (--). A back-contact of the auxil 
iary relay T is utilized to connect the conductor 
7 to the trip-circuit conductor 72, from which 
the circuit continues on, through the trip-coil 
TC13, and an auxiliary make-contact 3a of the 
breaker f3, to the negative bus (-). 

Fig. 1B also shows, by way of illustration of 
other tripping circuits, a back-up protective trip 
ping-circuit connection, utilizing three serially 
connected contacts, IA, DA and D2A, to ener 
gize a circuit 73, which may be connected, by a 
changeover Switch. 74, either to the conductor 
Tf or the trip-circuit conductor 72, so that in 
the first case, the auxiliary-relay back-contact 
T will be serially included in the tripping-circuit 
connections, whereas, in the second case, the 
back-contact T will not be included, thus indi 
cating that the relay-contact T may, or may not, 
be included in all of the tripping circuits. It 
may be noted that the overcurrent contact IA is 
a time-delayed contact, for back-up protection, 
and in many cases, its time-delay will be such 
that the auxiliary-relay contact T will not be 
needed in series with the back-up element IA, 
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as will be obvious from the Subsequent explana 
tion. 

In the operation of my apparatus, it will be 
noted that an out-of-synchronism Swing requires 
a certain length of time, which may be a Second 
Ol' more, depending upon the time-constants of 
the particular electrical System. In other Words, 
it takes time for the system to swing out of step 
Sufficiently for the line-current to have a phase 
angle within the Zone which is confined between 
the response-phases of the two directional ele 
mentS D and D2, as indicated in Fig. 2. The 
Out-of-phase Swing may start around the locus 
22, for example, either clockwise or anti-clock 
wise, depending upon which end of the system is 
falling behind the other. 
During the out-of-synchronism Swing, the line 

current gradually increases, reaching a maximum 
value near the 180 point of the Swing, this maxi 
mum out-of-phase current being usually very 
considerably higher than the full-load line-cur 
rent, and considerably higher than minimum 
fault-current. Long before the system swings 
as much as 150 degrees out of step, correspond 
ing to current 40° lagging the voltage, the line 
Current between the out-of-phase generator-volt 
ageS Will, in general, far exceed the maximum 
load-current value. In accordance with my in 
vention, an out-of-step condition is detected by 
the occurrence of a current-magnitude higher 
than the full-load line-current, or, in general, 
the occurrence of a non-directional fault-condi 
tion indication of Some kind, in any current-phase 
other than the restricted phase-angle Zone which 
is included between the no-torque response-chair 
acteristics of the two directional elements, as 
shown in Fig. 2. If the first appearance of a 
current of fault-magnitude occurs within this re 
Stricted Zone, that is, in the shaded area between 
the lines D and D2 in Fig. 2, then that circum 
Stance indicateS positively the existence of a 
fault-condition as distinguished from an out-of 
step Swing, but if the line-current builds up to 
fault-magnitude without falling within the phase 
angle ZOne between the two lines D and D2 in 
Fig. 2, then this circumstance can, in general, be 
taken as a positive indication of an out-of-syn 
chronism condition. 
The operation of the Fig. 1A equipment for 

out-of-step tripping of the breaker at the sta 
tion T is as follows. Since an out-of-step con 
dition is a 3-phase condition, a response is ob 
tained, in Fig. 1A, to the simultaneous occur 
rence of a current higher than any load-current, 
in all three line-phases. Thus, at 600 amperes, 
which is higher than the full-load current, the 
Overcurrent relays IAL, BL, and ICL respond and 
energize the auxiliary relay X. If this overcur 
rent condition is the result of the beginning of an 
Out-of-step swing, it will occur at a phase-angle 
outside of the narrow fault-current phase-angle 
Zone between the two lines Di and D2 in Fig. 2, 
which means that both of the biased directional 
relays DAL and D2AL will not respond, thus 
failing to energize the circuit 43 which actuates 
the Second auxiliary relay X in Fig. 1A. In the 
third circuit of Fig. A, therefore, the make-con 
tact X will pick up, but the back-contact X will 
remain closed; thus energizing the trip-circuit, 
causing the breaker i to open, and Segregating 
the two out-of phase portions of the transmission 
system. 

If, however, the 3-phase overcurrent Condition 
in Fig. 1A had been the result of a fault, the fault 
current would have been within the restricted 
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8 
phase-angle Zone between the lines D and D2 
in Fig. 2, and both of the directional elements 
DAL and D2AL would have immediately re 
sponded, picking up the auxiliary relay X, and 
opening the tripping-circuit, at the back-contact 
X which opens faster than the closure of the 
make-contact X in the tripping-circuit. Trip 
ping would thus have been blocked, insofar as 
concerns any action of my out-of-step tripping 
equipment in Fig. 1A, thus leaving the fault to be 
taken care of by the usual fault-responsive re 
lays (not shown in Fig. 1A), which can be de 
signed and correlated to handle fault-conditions 
without any regard to out-of-step SwingS. 

In the operation of the Fig. 1B equipment, 
Which illustrates the control of the breaker 3 at 
the station M, it will be noted that it is desirable 
for a tripping-operation to be blocked, at this 
point, in the event of an out-of-step condition, so 
that the two separated portions of the transmis 
Sion system may be better able to operate in 
dependently of each other, after the system has 
been cut in two by the operation of the breaker 

f at the station L. 
In Fig. 1B, in the tripping-circuit 7-72, a 

back-contact T is included, which is normally 
closed, and which opens in response to out-of 
Synchronism conditions, after a brief time hesi 
tation which may be of the order of 2 or 3 cycles. 
A time-hesitation, in the opening of the back 
contact T, is desirable, although perhaps not 
always necessary, so as to provide that much ad 
ditional safeguard against the possibility of an er 
roneous momentary response of the auxiliary re 
lay T, under fault conditions. If there is a fault, 
the instantaneously operating fault-responsive 
relays, such as the 800-ampel'e Overcurrent-relay 
IA', and both directional elements id EA and D2A, 
will quickly respond, establishing the trip-cir 
cuit, and initiating the Opening-operation of the 
circuit breaker 3. 

If there is an out-of-step condition, the relays 
of Fig. 1B will recognize this by a response of the 
three 600-ampere overcurrent relays IA, IB and 
IC, which will receive their minimum pick-up 
current before the line-current builds up to the 
800-ampere setting of the relaySIA, IB' and IC. 
At the same time, since the overcurrent condition 
is now assumed to be the result of an out-of 
synchronism swing, the phase-angle of the cur 
rent will not be between the lines D and ID2 of 
Fig. 2, and hence both of the directional elements 
DA and D2A will not pick up, so that the back 
contact of One of these elementS Will remain 
closed, thus completing the energization of the 
top circuit, 65, in Fig. 1B, and picking up the 
auxiliary relay X2, which has a response-time of 
the order of a cycle or a cycle-and-a-half, which 
is a usual time of response for a relay which is 
neither extraordinarily fast nor extraordinarily 
Slow. 
The picking up of the X2 relay-contact ener 

gizes the second circuit, in Fig. 1B, and picks up 
the second auxiliary relay T, which has a re 
sponse-time similar to that of the X2 relay, 
making a total time hesitation of the order of 
two or three cycles before the back-contact T 
picks up, after the closure of the three 600-am 
pere overcurrent-contacts A, B and IC. This 
time-hesitation of two or three cycles is assumed 
to be too small for the 3-phase line-current to 
increase from 600 amperes to 800-amperes, in 
the course of an out-of-synchronism Swing, under 
any expectable System-conditions, so that the 
trip-circuit 71-72 is blocked or opened, by the 
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opening of the back-contact T, prior to the 
closure of the 800-ampere overcurrent-relay 
contact IA' in the circuit . 
The time-hesitation of two or three cycles is 

also much below the time required for the phase 
angle of the line-current to Swing to an angle 
which is Within the shaded Zone between the 
lines Df and D2 in Fig. 2, during the course of 
any out-of-step Swing, so that the back-contact 
T is opened, in the tripping-circuit T-72 of 
Fig. 1B, long before both of the directional Con 
tacts DA and D2A can be simultaneously closed, 
in this circuit 7. In this manner, a tripping 
operation is blocked, in Fig. 1B, in response to 
an out-of-synchronism condition, but not blockad 
in response to a fault-condition which starts 
out with the DA and D2A elements both re 
sponding. 

In the Fig. 1B system, it is necessary for the 
blocking-contact T to remain open during the 
time when the System is Swinging through the 
phase-angle Zone between the lines D and D2 
in Fig. 2, because, in this zone, both of the direc 
tional back-contacts DFA and D2A will be open, 
in the circuit 63-65, thus deenergizing the X2 
relay which controls the actual blocking-relay T. 
Consequently, I provide any suitable means 
which will give the relay T the property of keep 
ing its contact open, for a suitable time-delay 
period, after the opening of the X2-contact in its 
energizing-circuit 66. This time-delay period 
should be something of the order from 6 cycles 
to 60 cycles, or even more, depending upon the 
time-constant of the system. The required time 
delay is the time required for the system to 
Swing between the line-current phases indicated 
by the lines D and D2 in Fig. 2. 

In the particular system shown in Fig. 1B, 
the dropout time-delay of the relay T is obtained 
by means of a sufficiently large capacitor C, 
which is shunted around the operating-coil T of 
the relay, and which discharges through the 
resistor R2 when the normal energizing-circuit 
66 is interrupted by the falling out of the make 
contact X2. The time required for the capacitor 
C to discharge, and hence the falling-out time 
delay which is given to the relay T, can be 
controlled by proper adjustment of the discharg 
ing-resistance R2. 
As previously indicated, the out-of-step block 

ing-contact T of Fig. 1B can be included in all, 
Or, only a part, of the tripping-circuits for the 
trip-coil TC13. It is necessary, of course, to uti 
lize the out-of-step blocking-contact T in series 
with all trip-circuits which would be unable, by 
themselves, to distinguish between a real fault 
condition and the spurious, or only apparent, 
fault-condition which occurs during an out-of 
Synchronism Swing. In the case of back-up 
relay-protection, for example, as is illustrated in 
the case of the slow-acting 400-ampere over 
current-element IA in Fig. 1B, the inherent 
time-delay in the response of this 400-ampere 
relay IA is usually or frequently longer than 
any time-delay which is necessary for the system 
to Swing past the zone between the lines D and 
D2 in Fig. 2, and hence the circuit 73 of Fig. 1B 
may safely be connected directly to the circuit 
72 through the proper manipulations of the 
changeover switch 74. However, in those sys 
tems in which the out-of-step blocking may be 
desired, even in the case of the slow-acting 400 
ampere relay IA, the changeover switch 74 
may be moved to connect the circuit 73 to the 
circuit 7, so that the trip-blocking contact T 
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will be included in the tripping-circuit of this 
Slow-acting relay IA. 

It will be understood, from the foregoing de 
Scription, that the 800-ampere back-contacts IA', 
IB and IC are frequently quite unnecessary, in 
the circuit 62-63 of Fig. 1B, and hence these 
contactS may be omitted, as by the closure of 
the Switch 64 in said figure. 

In Fig. iB, I have not made any effort to show 
all of the protective relaying equipment, even 
in the case of the phase-A relays which are par 
tially illustrated, and no effort has been made 
to Show the usual phase-B or phase-C relays, 
which are controlled in the same manner as the 
phase-A relayS. 

It is to be understood that the foregoing and 
other changes may be made, in various details, 
Without departing from the essential spirit of 
my invention. I desire, therefore, that the ap 
pended claims shall be accorded the broadest 
construction consistent with their language. 

I claim as my invention: 
1. Means for detecting an out-of-synchronism 

condition in an alternating-current line, com 
prising directionally responsive relaying-means 
for Selectively responding only to line-currents 
in the region of the phase-angle of fault-cur 
rents, Substantially non-directional current-re 
Sponsive means for Selectively responding only 
to line-currents of higher than load-magnitudes, 
and Out-of-Step-responsive relaying-means for 
responding to a response of said non-directional 
means and a simultaneous non-response of said 
directionally responsive relaying-means. 

2. A fault-responsive protective relaying sys 
ten for an alternating-current line, with provi 
Sion for out-of-synchronism conditions, com 
prising fault-responsive relaying-means for se 
lectively responding to certain fault-current con 
ditions as distinguished from certain load-cur 
rent conditions, directionally responsive relay 
ing-means for Selectively responding only to line 
current in the region of the phase-angle of fault 
currents, Substantially non-directional current 
responsive means for selectively responding only 
to line-currents of higher than load-magnitudes, 
means for promptly performing a protective re 
laying-operation in joint response to a predeter 
mined response of Said fault-responsive relay 
ing-means and a response of said directionally 
responsive relaying-means, and blocking-means 
for blocking Said protective relaying-operation in 
response to a response of Said non-directional 
means and a simultaneous non-response of said 
directionally responsive relaying-means. 

3. A fault-responsive protective relaying sys 
tem for an alternating-current line, with pro 
vision for out-of-synchronism conditions, com 
prising fault-responsive relaying-means for se 
lectively responding to certain fault-current con 
ditions as distinguished from certain load-cur 
rent conditions, directionally responsive relay 
ing-means for selectively responding only to 
line-currents in the region of the phase-angle 
of fault-currentS, Substantially non-directional 
current-responsive means for selectively re 
sponding only to line-currents of higher than 
load-magnitudes, means for promptly perform 
ing a protective relaying-operation in joint re 
sponse to a predetermined response of said fault 
responsive relaying-means and a response of Said 
directionally responsive relaying-means, block 
ling means for blocking and protective relaying 
operation in response to a response of Said non 
directional means and a simultaneous non 
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response of said directionally responsive relay 
ing-means, and means for establishing a block 
continuation which endures during the time 
when the line-current Swings into the region of 
the phase-angle of fault-currentS. 

4. A fault-responsive protective relaying SyS 
tem for an alternating-current line, with pro 
vision for out-of-synchronism conditions, com 
prising fault-responsive relaying-means for Se 
lectively responding to certain fault-current con 
ditions as distinguished from certain load-cur 
rent conditions, directionally responsive relay 
ing-means for Selectively responding only to line 
currents in the region of the phase-angle of 
fault-currents, means for promptly performing 
a protective relaying-operation under conditions 
involving a response of said directionally re 
sponsive relaying-means, blocking-means for 
blocking said protective relaying-operation in 
response to a predetermined response of Said 
fault-responsive relaying-means and a Simul 
taneous non-response of said directionally re 
Sponsive means, and means for establishing a 
block-continuation which endures during the 
time when the line-current Swings into the 
region of the phase-angle of fault-currentS. 

5. A fault-responsive protective relaying SyS 
tem for an alternating-current line, with pro 
vision for Out-of-synchronism conditions, con 
prising one or more fault-responsive relaying 
means for selectively responding to certain fault 
current conditions as distinguished from certain 
load-current conditions, directionally responsive 
relaying-means for selectively responding only 
to line-currents in the region of the phase-angle 
of fault-currents, means for promptly perform 
ing a protective relaying-operation in joint re 
Sponse to a predetermined response of one or 
more of said fault-responsive relaying-means 
and a response of said directionally responsive 
relaying-means, blocking-means for blocking 
said protective relaying-operation in response 
to a predetermined response of one or more of 
Said fault-responsive relaying-meanS and a 
simultaneous non-response of said directionally 
responsive means, and means for establishing a 
block-continuation which endures during the 
time when the line-current SWings into the region 
of the phase-angle of fault-currents. 

6. Means for detecting an out-of-Synchronism 
Condition in an alternating-current line, con 
prising abnormal-condition-responsive relaying 
means for Selectively responding to an abnormal 
operating-condition as distinguished from cer 
tain load-current conditions of Said line, direc 
tionally responsive reiaying-means for selectively 
responding only to line-currents in the region 
of the phase-angle of fault-currents, and out-of 
step-responsive relaying-means for responding 
to a response of Said abnormal-condition-respOn 
Sive relaying-means, accompanied by a non 
response of said directionally-responsive relay 
ing means. 

7. Means for detecting an out-of-synchronism 
condition in an alternating-current line, con 
prising two fault-responsive relaying-means for 
selectively responding respectively to a relatively 
mild and a relatively severe fault-current condi 
tion as distinguished from certain load-current 
conditions, directionally responsive relaying 
means for Selectively responding only to line 
currents in the region of the phase-angle of 
fault-currents, and out-of-step-responsive relay 
ing-means for responding to a l'esponse of Said 
mild fault-responsive relaying-means, accom 
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12 
panied by a non-response of said severe fault 
responsive relaying-means, and further accom 
panied by a non-response of said directionally 
responsive relaying-means. 

8. A fault-responsive protective relaying Sys 
ten for an alternating-current line, with pro 
vision for out-of-Synchronism conditions, com 
prising two fault-responsive relaying-means for 
Selectively responding respectively to a relatively 
mild and a relatively severe fault-current 
condition as distinguished from certain load 
current conditions, directionally responsive 
relaying-means for Selectively responding only 
to line-currents in the region of the phase 
angle of fault-currents, means for promptly 
performing a protective relaying-operation 
under conditions involving a response of Said 
directionaliy responsive relaying-means, block 
ing-means for blocking said protective re 
laying-operation in response to a response of 
Said mild fault-responsive relaying-in eans, a C 
companied by a non-response of Said Severe 
fault-responsive relaying-means, and further ac 
companied by a non-response of Said direction 
ally-responsive relaying-means, and means for 
establishing a block-continuation which endures 
during the time when the line-current SWingS 
into the region of the phase-angle of fault-cur 
1rents. 

9. The invention as defined in claim 1, chal'- 
acterized by said directionally responsive relay 
ing-means comprising two differently biased di 
rectional elements, one having a Zero-torque 
angle at a line-current phase-angle slightly 
Smailer than the fault-current phase-angle, and 
the other having a zero-torque angle at a line 
current phase-angle slightly larger than the 
fault-current phase-angle, whereby both direc 
tional elements will respond only when the line 
current has a phase-angle between the two zero 
torque angles. 

10. The invention as defined in claim 2, charac 
terized by said directionally responsive relaying 
means comprising two differently biased direc 
tional elements, one having a zero-torque angle 
at a line-current phase-angle slightly smaller 
than the fault-current phase-angle, and the other 
having a Zero-torque angle at a line-current 
phase-angle slightly larger than the fault-cur 
rent phase-angle, whereby both directional ele 
ments Will respond only when the line-current 
has a phase-angle between the two zero-torque 
angles. 

11. The invention as defined in claim 3, charac 
terized by Said directionally responsive relaying 
means coimprising two differently biased direc 
tional elements, one having a zero-torque angle 
at a line-current phase-angle slightly smaller 
than the fault-current phase-angle, and the other 
having a zero-torque angle at a line-current 
phase-angle slightly larger than the fault-cur 
rent phase-angle, whereby both directional ele 
ments will respond only when the line-current 
has a phase-angle between the two zero-torque 
angleS. 

12. The invention as defined in claim 4, charac 
terized by Said directionally responsive relaying 
means comprising tWo differently biased direc 
tional elements, One having a Zero-torque angle 
at a line-current phase-angle slightly smaller 
than the fault-current phase-angle, and the other 
having a Zero-torque angle at a line-current 
phase-angle slightly larger than the fault-cur 
rent phase-angle, whereby both directional ele 
ments will respond only when the line-current 
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has a phase-angle between the two Zero-torque 
angles. 

13. The invention as defined in claim 5, charac 
terized by said directionally responsive relaying 
means comprising two differently biased direc 
tional elements, one having a Zero-torque angle 
at a line-current phase-angle Slightly Smaller 
than the fault-current phase-angle, and the other 
having a Zero-torque angle at a line-current 
phase-angle slightly larger than the fault-cur 
rent phase-angle, whereby both directional ele 
ments will respond only when the line-current 
has a phase-angle between the two Zero-torque 
angles. 

14. The invention as defined in claim 6, charac 
terized by said directionally responsive relaying 
means comprising two differently biased direc 
tional elements, one having a Zero-torque angle 
at a line-current phase-angle slightly smaller 
than the fault-current phase-angle, and the other 
having a Zero-torque angle at a line-current 
phase-angle slightly larger than the fault-cur 
rent phase-angle, whereby both directional ele 
ments Will respond only. When the line-current 
has a phase-angle between the two zero-torque 
angles. 

15. The invention as defined in claim 7, charac 
terized by said directionally responsive relaying 
means comprising two differently biased direc 
tional elements, one having a zero-torque angle 
at a line-current phase-angle slightly Smaller 
than the fault-current phase-angle, and the other 
having a Zero-torque angle at a line-current 
phase-angle Slightly larger than the fault-cur 
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rent phase-angle, whereby both directional ele 
ments will respond only When the line-current 
has a phase-angle between the two Zero-torque 
angles. 

16. The invention as defined in claim 8, charac 
terized by said directionally responsive relaying 
means comprising two differently biased direc 
tional elements, one having a Zero-torque angle 
at a line-current phase-angle slightly Smaller 
than the fault-current phase-angle, and the other 
having a Zero-torque angle at a line-current 
phase-angle slightly larger than the fault-cur 
rent phase-angle, whereby both directional ele 
mentS Will respond only when the line current 
has a phase-angle between the two zero-torque 
angles. 

EDWN L. HARDER. 
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