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Our invention relates to electrical protec 
tive devices and more 
sequence relays. 
One object of our invention is to provide 

a phase-Sequence relay that shall be adapted 
to protect a polyphase circuit under condi 

particularly to phase 

tions of overload or short-circuit, phase un 
balance, open-phase and phase reversal. . 
Another object of our invention is to pro 
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vide a time element relay that shall operate 
only in response to the positive or negative 
phase-Sequence component of the currents in 
a polyphase circuit. 

Still another object of our invention is to 
provide a unitary relay that shall combine . 
the functions formerly secured only by the 
employment of a plurality of separate relay 
structures. 
A further object of our invention is to pro 

vide a relay of improved construction that 
distinguishes between positive and negative 
phase-sequence components of current. 

Heretofore, it has been necessary to provide 
relays in each phase of a polyphase circuit in 
order to protect the circuit against conditions 
of overload and short-circuit, phase-reversal, 
open phase of phase unbalance. Such instru 
ments are expensive and the number of such 
instruments required to adequately protect 
any polyphase circuit from the many inter 
ruptions to service to which such lines are 
subjected, is excessive. With our improved 
relay, the above, enumerated protective fea 
tures are obtained by the use of a single in strument that operates in response to an ab 
normal positive phase-Sequence component 
or negative phase-sequence component of cur 
rent caused by a fault, irrespective of the 
phase or phases involved in the fault. 

In our relay, an impedance network is 
provided of such character that two branches 
thereof are traversed by currents proportional 
to the positive and the negative phase 
sequence components of the currents in the 
phase conductors of an associated polyphase 
circuit under all conditions. A relay is con 
nected in each of the respective branches of 
the network and is energized in accordance 

50 
with the magnitude of the corresponding 
symmetrical component, the-positive phase 
sequence component being a measure of the 
overload and the negative phase-sequence 

of the circuit. 
component being a measure of the unbalance 

In the several figures of the drawings, 
Figure 1 is a front elevational view of a 

relay embodying our invention. 
Fig. 2 is a side view, partially in elevation 

and partially in section, of the relay shown 
in Fig. 1. . . . . 

Fig. 3 is a sectional view taken along the 
line III-III of Fig. 2. 

Fig. 4 is a diagrammatic view of apparatus 
and circuits embodying our invention. . . 

Fig. 5 is a diagrammatic view of a different 65 
arrangement of circuits and apparatus. 

Fig. 6 is a vector diagram of the currents 
traversing our relay under normal condition 
of phase balance. .. 

Figs. 7 and 8 are vector diagrams of the 70 
currents traversing our relay under conditions 
of phase reversal. - 

Figs. 9 to 11, inclusive, are vector diagrams 
of the currents traversing our relay under con 
ditions of open phase. .' 

Fig. 12 is a vector 
phase unbalance; and 

Fig. 13 is a diagrammatic view of circuits 
and apparatus showing our relay used in 
combination with a grounded polyphase 80 
circuit. 

Referring to Fig. 4, our invention com 
prises, in general, a unitary relay structure 
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75 
diagram of a three 

10 that embodies a resistor 11, reactors 12 
and 13, and the winding 14 of a relay. These 85 
parts are connected in an impedance network 
or bridge, the several junctions of which are 
connected to current transformers 16 and 17 
in a polyphase circuit 18. - 
The current traversing the resistor 11 is 90 

in phase with the applied voltage and the re 
actance and resistance of the reactor 13 is 
such as to cause the current traversing the 
same to lag the applied voltage by sixty 
degrees. The resistance and reactance of 95 
the reactor 12 and the windings of the relay . 
14 are equal. The reactor 12 may take the 
form of a winding 15 of a second relay, as 
shown in Fig. 5. The relays comprising the 
windings 14 and 15 may be connected to a 100 
suitable circuit interrupter or other electrical 
devices (not shown) for controlling the 
polyphase circuit 18. . 

Referring to Figs. 1 and 2, the relay com 
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prises a base member 21 that is provided 
with a plurality of lugs 22 that serve both 
as supports and electrical terminal members. 
A cover 23 is secured to the base member 21 
by suitable wing nuts 24. 
The reactors 12 and 13 are mounted at the 

opposite upper corners of the base member 
21. Between them are disposed a plurality 
of spools having coils thereon constituting 
the resistor 11. On the lower half of the 
base 21 is mounted a relay 25 that comprises 
the winding 14, a pivoted armature member 
19 controlled thereby a stationary contact 
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member 27 and a movable contact member 
28 secured to the armature member 19 and 
controlled by the current traversing the 
winding 14. Damping magnets 20 are pro 
vided for retarding the movement of the 
armature member 19. The relay 25 is of the 
overload induction type having an inverse 
or definite time-element characteristic and 
since its functions and details of operation 
are well known in the art, a description 
thereof is believed to be unnecessary, ex 
cept in so far as it is necessary to conn 
plete the combination with the remaining 
component parts of my invention. 

Referring to Figs. 4 and 6, under con 
ditions of current balance in the circuit 18, 
the currents traversing the several phases 
A, B and C are normally 120 degrees apart. 

... The current from the current transformer 
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16that is connected in phase A is delivered to 
the impedance network between the arms 11, 
12 and 13, 14, while the current from the 
current transformer 17, that is connected 
in phase B, is delivered to the impedance 

No current transformer is placed in the 
phase C for the reason that any disturbance 
between phase C and either of the other. 
phases A or B will be recorded by an un 
balance in the affected phases. . 
Under balanced conditions, the current 

from the phase A traverses the parallel cir 
cuits comprising resistor 11 and winding 14, 
and reactor 12 and reactor 13. By reason of 

50 

55 

the relation of the resistor 11 to the resist 
ance and reactance of the reactor 13, which 
is of the same absolute impedance, a current proportional to the positive phase-Sequence 
component traverses the reactor 12 and a cur 
rent proportional to the negative phase-se 
quence component traverses the relay wind 
ing 14. As is shown in Fig. 5, the fact that both positive and negative phase-Sequence 
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components traverse the network may be 
taken advantage of by having the reactor 
12 comprise the winding 15 of a second relay 
26 responsive to the magnitude of the posi 
tive phase-sequence component, thereby pro 
viding overload and short-circuit protection 
to the circuit 18. 

Referring to Fig. 6, the currents A and 
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mally equal in amount and opposite in direc 
tion under balanced conditions, thereby 
equalizing one another with the result that 
no current traverses the winding 14 of the 
relay 25. Under unbalanced conditions, a 
current proportional to the negative phase 
sequence component traverses said winding. 
As shown in Fig. 4, the current Alags 

the current A, by an angle of 60° under bal 
anced conditions because of the greater re 
actance of the branch 13 with respect to the 
branch. 11 of the network. The sum of the 

i. 5 

currents A and A is equal to the current 
in the phase conductor A (see Fig. 6). In a 
similar manner, the current B lead the cur 
rent B by an angle of 60° under balanced 
conditions and the sum of the currents B 
and B, is equal to the current in the phase. 
conductor B. Consequently, by reason of the vector re 
lation of A, B, A, and B, as shown in 
Fig. 6, the sum of the currents A and B, 
which traverses the branch 12 of the network, 

80 

is proportional under all conditions to the , 
positive phase-sequence component of the 
currents in the distribution circuit and the 
sum of the currents A and JB, which trav 
erses the branch 14 of the network, is pro portional to negative phase-sequence compo 
nent. Under balanced current conditions, 
which are shown in Fig. 6, the positive com 
ponent is a maximum and the negative com 
ponent is zero. Various other conditions are 
illustrated in Figs. 7 to 12. 

Referring to Fig. 7, upon the occurrence of 
a reversal between the phases A and B, the 
currents A and B are substantially equal 

network between the arms 11, 14 and 12, 13. and opposite in direction with the result that substantially no current traverses the reactor 
12 while the sum of the currents A and IB 
traversing the winding 14 becomes of an ap 
preciable value with the result that the relay 
25 is operated to control any desired mecha 
nism connected with the circuit 18, such as a 
circuit interrupter (not shown). 

Similarly, upon the reversal of phases B 
and C, the positive phase-sequence com 
ponents of current become effective to oper 
ate the negative phase-sequence relay 25. By 
comparing Figs. 7 and 8. it will be seen that 
the vector, diagrams are identical except for 
the fact that the relatively angular displace 
ment of similar components is different. 

Referring to Fig. 9, there is shown a vector 
diagram of the current traversing the relay 
when phase C is open. In this case, the cur 
rents A and B are equal and opposite in di 
rection and a negative phase-sequence com 
ponent exists which operates the relay 25. 
The circuit conditions, when phases A and 

B are open, are shown in Figs. 10 and 11. In 
either event, a negative phase-sequence cur 
rent of an appreciable value traverses the 

90 
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O 
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20 

25 

winding 14 of the relay 25 that is operated. 
65 B, derived from phases A and B are nor- Referring to Fig. 12, a condition of three 130 



phase unbalance is shown wherein the cur 
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rents A, B and C are displaced at other than 
120 degrees. It will thus be seen that the 
resulting negative phase-sequence current 14 
has an appreciable value and, therefore, op 
erates the relay 25. 

Referring to Fig. 13, if the phase-sequence 
relay is to operate on a distributing system 
having a neutral point grounded as at 31 and 
32, it may be undesirable to have it influenced 
by the Zero phase-Sequence component of cur 
rent, in which case the disposition of the cur 
rent transformers may be such as to eliminate 

5 
the Zero phase-Sequence component from the 
circuits of the relay. This result is secured 
by providing the current transformers 33 and 
34 corresponding to the relays 16 and 17, of 
Fig. 4, respectively, with two primary wind 

20 
ings 35,36, 37 and 38, respectively. 
Winding 35 is connected directly in phase 

A and the associated winding 36 is connected 
in reverse direction in phase B. The pri 
mary winding 37 of the transformer. 34 is 
connected directly in phase C and the wind 

25ing 38 thereof is connected reversely in phase 

30 

B. The secondary windings of current trans 
formers 33 and 34 are traversed by currents proportional to the positive and negative 
phase-Sequence currents in the power circuit, 
but the zero phase-Sequence. component is 
eliminated therein. The relay is thereby ren-. 
dered independent of current in the grounded 
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while still obtaining complete circuit protec 

circuit which is the zero phase-sequence cur 
rent and provision is made for protection 
against grounds by interposing a suitable 
instrument 39 in the grounding lead for op 
erating on a predetermined value of ground. 
current. 

It will thus be seen that we have provided 
a relay that is responsive to the value of the 
positive and negative phase-sequence, cur 
rents in the polyphase circuit. We have also 
provided a single unitary relay that is re 
sponsive to any fault that produces an un 
balanced current condition, irrespective of. 
the phase or phases affected thereby. Since 
the positive phase-sequence current is a meas 
ure of the overload or short-circuit conditions 
in the circuit' and since the negative phase 
sequence current is a measure of phase unbal 
ance, phase reversal and open-phase condi 
tions, two relays embodying our invention 
will afford all the desired protection for a 
polyphase electrical circuit. One of the ad 
vantages of our invention, as will appear, 
is that a great saving in the use of current 
transformers, as well as of relays, is effected 
tion. 

. Furthermore, the negative phase-sequence 
relay with a time-element or retarded opera 
tion has animportant application inlarge dis 
tribution systems in which the unbalance of 
the system currents upon the occurrence of 
a fault is greater. in certain portions of the 

system than in other portions. Since the de 
gree of energization of the relay depends upon 
the magnitude of the negative phase-sequence 
equantity or, in other words, upon the amount 
of unbalance of the system, the time of opera 
tion of the relay varies in accordance with its 
relation to the fault. In this manner, selec 
tive disconnection of the faulty portion of the 
distribution system may be obtained. 
We do not wish to be restricted to the spe 

cific circuit connections or arrangement of . 
parts herein set forth, as various modifica 
tions thereof may be effected without depart 
ing from the spirit and scope of our invention. 
We desire, therefore, that only such limita 
tions shall be imposed as are indicated in the 
appended claims. 
We claim as our invention: 
1. An electrical protective device compris 

ing an impedance network consisting of a 
winding of a relay, a resistor and a pair of 
reactors, one of said reactors having the same 
resistance and reactance as the winding of the 
relay. . - 

2. An electrical protective device compris 
ing a quadrilateral impedance network con 
sisting of a winding of a relay, a resistor and 
a pair of reactors, one of said reactors having 
the same resistance and reactance as the wind 
ing of the relay, being disposed on an opposite 
side of the impedance network relative to the 
winding of the relay. 

3. An electrical protective device compris 
ing a quadrilateral impedance network con 
sisting of a winding of a relay, a resistor, and 
a pair of reactors, one of said reactors having 
the same resistance and reactance as the wind 
ing of the relay, and being disposed on an 
opposite side of the impedance network rela 
tive to the winding of the relay, said reactor 
constituting an element of a second relay. 

4. The combination with a polyphase elec 
trical circuit, a relay and a plurality of trans 
formers connected to said circuit, of an elec 
trical protective device comprising a quadri 
lateral impedance network energized from 

winding of said relay and a reactor of equal 
resistance and reactance constituting opposite 
sides of the impedance network. 

5. The combination with a polyphase elec 
trical circuit, a relay and a plurality of trans 
formers connected to said circuit, of an elec 
trical protective device comprising an imped 
ance. network in the form of a bridge hav 
ing opposite points connected to each of the 
respective transformers consisting of a wind 
ing of the relay, a resistor and a pair of re 
actors, the winding of said relay and a reactor 
of equal resistance and reactance constituting 
opposite arms of the impedance network, 
whereby said relay is caused to operate only 
in response to one phase-Sequence component 
of the current in the polyphase circuit. 

90 

100 

said transformers comprising a winding of . 
the relay, a resistor and a pair of reactors, the 

20 
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6. The combination with a polyphase elec 
s 

trical circuit, a relay and two transformers 

5 
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connected in Separate phases of said circuit, 
of an electrical protective device comprising an impedance bridge network energized from 
said transformers consisting of a winding of 
the relay, a resistor and a pair of reactors, 
the winding of said relay and a reactor of 
equal resistance and reactance constituting 
opposite arms of the impedance network 
whereby the relay is caused to operate in ac 
cordance with the negative-phase-sequence 
component of the current traversing the cir 
cuit which is a measure of the conditions of open phase, phase unbalance, unsymmetrical 
short circuit, and phase reversal in said cir cuit. 

7. The combination with a polyphase elec 
trical circuit, a relay and a plurality of trans 
formers connected to said circuit, of an elec trical protective device comprising a quadri 
lateral impedance network, energized from 

30 

said transformers consisting of a winding of 
the relay, a resistor and a pair of reactors, the 
winding of said relay and a reactor of equal 
resistance and reactance constituting oppo 
site arms of the impedance network and the 
resistor and other reactor constituting the 
other arms of the network and having such 
relative characteristics that the relay is 
caused to operate under conditions of phase 
unbalance in said circuit. - 

8. The combination with a polyphase elec 
trical circuit, a relay and two transformers 
connected to separate phases of said circuit, 
of an electrical protective device comprising 

40. 
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an impedance bridge network having oppo 
site points connected to each of the respective 
transformers consisting of a winding of the 
relay, a resistor and a pair of reactors, the 
winding of said relay and a reactor of equal 
resistance and reactance constituting oppo 
site arms of the impedance network and the 
resistor and the other reactor constituting the 
other arms of the network and having such. 
relative characteristics, that the relay is 
caused to operate under open-phase condi 
tions in said circuit. . 

9. The combination with a polyphase elec 
trical circuit, a relay and two transformers 
connected to separate phases of said circuit, 
of an electrical protective device comprising 
an impedance bridge network having oppo 
site points connected to each of the respective 
transformers, a winding of the relay forming 
one of the branches of said network. 

10. The combination with a polyphase elec 
trical circuit, a plurality of connected trans-- 

60 formers, and a pair of relays, of an imped 
w -Y. ance network energized from said transform 

ers consisting of a resistor, a reactor and a winding of each of said relays, whereby said 
network causes the operation of one of said 
relays upon the occurrence of negative phase 

6,928 

Sequence currents in said circuit and said net- 65 
Work causes the operation of the other relay 
under conditions of excessive positive phase 
Sequence currents in said circuit. • 

11. The combination with a polyphase elec 
trical circuit, a relay and a plurality of trans- to 
formers connected to said circuit, of an elec trical protective device comprising an im 
pedance network energized from said trans 
formers consisting of a winding of the relay, 
a resistor and a pair of reactors, the winding 75 
of said relay and a reactor of equal resistance 
and reactance constituting opposite arms of 
the impedance network whereby said relay is 
caused to operate only in response to negative 
phase-Sequence currents in the polyphase cir- 80 cuit. . . . . . . 

12. An electrical protective device compris 
ing an impedance bridge network, one of the 
branches of which contains a member opera ble in response to negative phase-sequence s5 
currents and another branch a member opera tive in response to positive phase-sequence 
cuirrents. - 

13. An electrical protective device compris 
ing an impedance bridge network for segre- 90 
gating negative phase-sequence currents from . 
positive phase-sequence currents and means. 
for selectively responding to currents of a predetermined phase sequence. 

14. An electrical device comprising a quad- 95 
rilateral bridge network responsive to both 
positive and negative sequence currents inde 
pendent of sequence voltages for segregating 
the negative sequence currents from the posi 
tive sequence currents, and means selectively 100 
responsive to currents of predetermined 
phase sequence for influencing another elec 
trical device. . 

15. The combination with a polyphase elec 
trical circuit, a pair of relays, means, compris 
ing a plurality of current transformers, for 
eliminating zero sequence currents from the 
pair of relays, of another relay responsive to 
zero sequence currents alone, and an imped 
ance bridge network energized from the 
transforniers consisting of a resistor, a reactor 
and a winding of each of said pair of relays, 
whereby said bridge network, causes the op 
eration of one of said pair of relays upon the 
occurrence of negative sequence currents. in 115 
said circuit and said bridge network.causes 
the operation of the other of said pair of re 
lays in response to excess positive sequence 
currents in said circuit. . . . 

16. The combination with a polyphase elec- 120 
trical circuit, of means for separating out or segregating both the pósitive and the negative 
sequence currents from the zero sequence cur 
rents in the circuit, means responsive to the 
last-named means and comprising a quadri 
lateral bridge network for segregating the 
negative sequence currents from the positive 
sequence currents, and means selectively and 
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separately responsive to predetermined Se- phase-Sequence quantities of Said circuit, and 
quence currents for influencing another elec- means for eliminating the Zero phase-se 
trical device. quence quantities from said control means. O 

17. In combination with an electrical cir- In testimony whereof, we have hereunto 
5 cuit having a circuit interrupter therein, of subscribed our names. 
means for controlling the operation of said HARVEY. P. SLEEPER. 
interrupter including means responsive to CHARLES LE. G. FORTESCUE. 


