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ABSTRACT: A three phase repeating circuit interrupter hav-
ing an independently operable main switch means for each
phase and a control means for separately opening and reclos-
ing each switch means in response to an overcurrent condition
in the phase associated with that switch means and without
disturbing the closed condition of the other switch means. A
separate overcurrent detecting circuit is provided for each
phase and a common overcurrent detecting circuit and open-
ing time delay circuit is provided for all phases. When an over-
current condition is detected by one of the individual phase
overcurrent detecting circuits and also by the common phase
overcurrent detecting circuit, both circuits produce an output
which causes opening of the main switch means in the faulted
phase after a predetermined time delay provided by the open- .
ing time delay circuit. Common reclosing time delay means,
closing means, sequencing means and reset means are pro-
vided for each phase. A faulted phase main switch is opened a
predetermined number of times after a time delay provided by
the common time delay means and reclosed a predetermined
number of times after a time delay provided by the common
reclose time delay means, the number of such opening and
reclosing operations being determined by the common
sequencing means. When the full sequence of a faulted phase
is completed, its associated lockout means will lock a phase
main switch means open while the other phase switch means
continue closed. In the event that the fault on a phase clears
before the full sequence is completed, the associated main
means remains closed and the control circuit is reset after a
predetermined time delay to its normal operating condition.

+ g9 i g5 192 190 -
L. w d
lug ko5 s Ay o L
v 155~ 1m 6o 318
T N ’
153 | yog 159
Hg o g3 a7 Gez L
4 :&
LAEDZ4 7
7 | Um 8 ez 138 9
1z ]
138 J L1380
N "0
4
150 %fg S TA5A
g iy — C BA

29 :"!2‘}& 200'
b 1 . 0
7 R 2| ol L3, 22
183 Ad 3
158 - 156 -3la.
158 2ab-1IHE 200
'~
ALL PHAS}Z8 AL prase AL rAsE 2 e | 930 }ﬂ» 2
ourpur TiMinG over- |
+
L
Heq




PATENTED Jak26 1971

SHEET 1 OF 2

3,558,985

2291,

_+ 39 A% 185- 192 190 2o
.165-—:: 2
s | £5% ug |, : 0
155”158 Two|  5ues
a9~y %ﬂ ) l
‘ 153 |_pg 159
g ok g 176 g
7
T ) A‘ZM'A -—-v(\?.‘
/RS Vi 6 8 152 1.
172 A sz € _Gom //138 469
179 138(1://-/&_—«138@
[
6
160 vag SV
M — C BA
' _l/w 13]0' jaqu
127 gjhr 130 7 [ T ) l
, 143 139 e VA A
1 - B2, 1304 131 KL C
144 135-3“*’1""°~| Jgod‘q“;—' 6’ 16"
f\ _— —
150 J 135,!)‘ 5'36 130("1 O
1324 22 480
%7 28— 1122 4 p—
153 121"/" ufl ¥ 164/ Ao
48 [P35 120 1223 121164 ,
93 14 93 33’ 10
23 | 10 P
%’ |30 8 w2 122J aser] |\
151 L =] (o
: 1P :3221 ;’ 48'1/ . : Py a4 35"
: 30 93120742
- e 7, 36"
“ 48 37 189 ;.9 3 2
c® F I <189. 230
b % e . ;;,2 Tfiicu R
i © 18 g o AT P 5
} U " " »
186 162 o ) 167 | 169 |[ 43 23" 136" 200" 22
.) K 2 38]' e O 13id M3la' 4 <
182 A 20— KA ek 200" g
] Se—ra? | 166 s base 22
158 —p—toc 186 -3
164y E Zg,,,..;:@\egjéeoo
' 27 6 A ; 3
123 ALLPHASEEZS [aL praseY  [aLL prase A2 e 430 }1[9 %2
'—-K our pur TIMING c L?/::S/-r
‘ ]
¥ 21 %19’ ¢B[6' A A f/zve/zz’ms -
. OVER- W oycf:'R_ _@lCM ,Plc
~20 current| §7 jg%cumnr &ﬂ Krolski
, 13/ aea'—t‘@f 63 | s R
b{ﬁa "- Jcrn ll‘“i( c z’fr"
I’
% 164" /%




3,558,985

SHEEY & OF 2

PATENTED JAn26 197!

el ,.
= =II_ SRR
T " SN _
HGF m/m/w |
IRW
L 9ZH. RN
D Ler S
_ F vz o | o et 8 0 ha/ﬂaﬂn
3 G w2y “ N i
g9 ) R o=
~ { /m &
: \.% \Wmm .\NNNW rﬁv& ow
T <
374 .
—ANN— @
oFF 1, .%mh
2o OFZ ¢
N \g
R
e oI || € 008
Tl 12
T 5 \
L1203 N
T g/
i ﬁﬂm.amn/.ﬁm__.
| S+ e |
\’. .m.om .Qa\. .u‘ N .
\NQN . .NU‘M.\ .G\Na
| || gea| 757,018
JoZ gre - , J ]
0£2 T - 3
66F~= _qE7 . ]
/T ‘%R\. wmﬁJN

7 {
go? 86T 502 _ R




3,558,985
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THREE PHASE REPEATING CIRCUIT INTERRUPTER

HAVING CONTROL MEANS FOR INDIVIDUALLY
INTERRUPTING EACH PHASE

This invention relates to repeating circuit interrupters and,
more particularly, to new and improved control means for in-
dividually controlling the main switch means of each phase in
a polyphase repeating circuit interrupter.

A repeiting circuit interrupter or recloser may be charac-
terized as a circuit protective device having abnormal condi-
tion sensing means connected to the system being protected
and which is responsive to abnormal circuit conditions to in-

itiate a switch opening operation. switch recldsing means -

_.operable after each opening operation, opening time delay
means, operation counting or sequencing means which is
operable to initiate a predetermined number of time delayed
switch opening and time delayed switch closing operations
and lockout means to prevent reclosing after the predeter-
mined number of operations is completed. In three phase cir-
cuit interrupters, the above operations may be performed to
effect opening of all three phases, only one phase, and in some
types of devices, only the faulted phase until lockout occurs
when all three phases are opened.

Because the majority of faults in this type of system are tem-
porary in nature and will clear in a relatively short period of

. time, it is common to arrange the switch opening means of the
repeating circuit interrupter to execute a series of relatively
rapid openmg operations so that the period in which the
system remains energized is shorter than the time necessary
for down line protective devices, such as fuses, to operate. In

addition, the circuit interrupter contacts should not be closed
immediately in order to allow the backup fuses to cool. If the
fault does. not clear dunng this. initial series of rapid opera-

“tions, the time delay means is actuated by the sequencing
means so that there follow further operations in which the
recloser’s contacts remain closed for.a period of sufficient
length to allow the down line protective devices to operate. If
the fault still has not cleared after a predetermined number of
such time delayed operations, it is considered permanent and
the lockout means is actuated to prevent further operation of
the reclosing means so that the device is locked open. On the
other hand, should the fault be cleared during any of the rapid
or time delayed operations, it is necessary for the sequencing
means to be reset to its initial position or stage so that upon
the occurrence of a subsequent fault, the recloser will execute
the full number of rapid and time delayed operations prior to
locking the device open. :

The foregoing discussion applies equally to smgle phase re-

‘peating circuit interrupters and to.three phase repeating cir-
cuit interrupters having a main switch for interrupting each
phase. Prior art three phase repeating circuit interrupters or
reclosers include both the type where the main switches of all
three phases operate when a fault current occurs in only one
of the three phases and the type in which only the main switch
of the faulted phase is opened -teclosed-and locked out while
the main switches in the other phases continue to be closed.
However, presently known three phase reclosers in which the
main switch of each phase is independently controllable and
operable usually requlre a full control circuit for the operation

of each phase main switch which is completely independent .

and duplicative of the control circuits for each of the other
phases.

It is an object of this invention to provide a three phase
recloser having electroresponsive control means for effecting
a sequence of opening and reclosing operations of one or
more of the three phases without affecting the continued
‘operation of the remaining. phases and, after the sequence is
completed, open cu'cultmg said one phase to effect lockout
thereof while the remaining phases continue in operation.

Another object of this invention is to provide a three phase
recloser having independently controllable and operable
switches for each phase and electroresponsive control means
commonly utilizable in’ the independent control of the
switches of all three phases.
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A further object of this'invention is to provide a three'phase

_recloser having individual phase switches, a time delay means

for providing an opening time delay for any of the phase
switches and means for separately utilizing the time delay in
the control of the opening operatxon of any onc of the phase
switches.

Another object of this invention is to provide a three phase
recloser having individual phase switches, a time delay means
for providing a closing time delay for any of the phase switches

0 and means for separately utilizing the closing time delay in the

control of the closing operation of any onc of the phase
switches.

Another object of the invention is to provide a three phase
recloser having individual phase switches and lockout control
means for effecting the lockout of dn individual phase switch
while the other phase switches remain closed.

Another object of the invention is to provide a three phase
recloser having individually operable phase switches and con-
trol means responsive to an overcurrent condition in any one
phase which includés opening time delay means and resetting
means for restoring the -control means to its normal condition
after termination of the overcurrent condition in the one
phase mdependently of the operation of the switches of the
other phases.

A more specific object of the invention is to provide a three
phase repeating circuit interrupter having individually opera- -
ble phase switches and electroresponsive control means for in-
dependently effecting operation of each phase switch and hav-
ing opening time delay means, closing time delay means,
sequencing means and reset timing and actuation means all
commonly utilizable in controlling the operation of any one or

more of the phase switches.

Another more specific object of the invention is to provide a
three phase repeating circuit interrupter having individual
phase switches for each phase and separate condition indicat-
ing means for each phase switch.

These and other objects and advantages of the instant in-
vention will become more apparent from the detailed descrip-
tion thereof taken with the accompanying drawings, in which:

FIG. 1 schematically illustrates a three -phase repeating cir-
cuit interrupter incorporating the instant invention; and

FIG. 2 schematically illustrates in greater detail a portion of
the repeating circuit interrupter shown in FIG. 1.

Referring now to the drawings in greater detail, FIG. 1
shows a three phase repeating circuit interrupter or recloser
having individual phase main interrupting switches 10, 10’ and
10”’, common overcurrent responsive means 12, individual
phase overcurrent means 6, 6" and 6’', individual switch open-
ing means 14, 14’ and '14’', common phase closing time delay
means 8, individual phase switch closing and lockout means
16, 16’ and 16’ and common sequencing means 17. In
general terms, the common overcurrent responsive means 12
and any one of the individual phase overcurrent and switch
opening means are operable together when an overcurrent
condition appears on one of the phase lines A, B or C to opén
any one or more of the phase interrupting switches 10, 10’ or
10’’. Upon this event, the reclosing and lockout means as-
sociated with the phase having its interrupting switch open is
made operable to return the interrupting switch to its closed
position after a reclosing time delay determined by the closing
time delay means 8. The sequencing means 17 which performs
an operation counting function and actuates the reclosing and
lockout means. to perform its lockout function, includes a
sequencing or stepping relay drive coil 37 and step switches. -
146, 147 and 148.

For a more complete description of a circuit breaker |
operating mechanism typical of the mechanism usable with
the illustrated control circuit, reference is made to U.S. Pat.
No. 3,295,017, issued Dec. 27, 1966, and assigned to the as-
signee of the instant invention.

The common overload responsive means 12 is shown cou-
pled to each phase of the polyphase system being protected
and includes an all phase common overcurrent portion 26, an
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all phase common timing portion 27 and-an all phase common .

output portion 28. The phase A, phase B and phase C overcur-
rent sensing and output means 6, 6’ and 6’ are respectively
connected to phases A, B and C of the polyphase system
throngh current transformers 22, 22’ and 22", it should be
noted that the separate elements in each of the phases, such as
phase. A, B and C overcurrent means 6, 6’ and 6’', the in-
dividual switch opening means 14, 14’ and 14'" and the in-
dividual phase reclosing and lockout means 16, 16’ and 16"
are identical and, unless otherwisc indicated, only the struc-
ture and operation of the phase A elements will be discussed.
When a predetermined overcurrent is sensed in phase A by
the phase A overcurrent means 6, a signal is produced at the
base of its output PNP transistor 18 which causes transistor 18
to be turned to an ““on” condition. The collector of transistor
18 is connected to the negative bus 40 through resister 19
which - functions to set the output voltage of transistor 18,
When transistor 18 conducts, current.from its collector pro-
vides a gating signal to output silicon controlled rectifier 20
through current limiting resistor 21. However, controlled
rectifier 20 will not yet conduct since it is series connected
with trip controlled. rectifier 123 which has not yet been
rendered conductive. When a predetermined overcurrent is
sensed in one or more of the phases A, B'and C by overcurrent
sensing portion 26 of the common overcurrent responsive
means 12, a signal is provided to the timing portion 27 and,
after a predetermined timé delay, the output portion 28
receives a signal and in turn provides a gating signal for trip
controlled rectifier 123. The anade-cathode circuit of output
controlled rectifier 20 is serially connected between the anode
* of trip controlled rectifier 123 and the positive bus 46 through
conductor. 23, contacts 121, trip coil 36 and conductor 47.
The stepping relay drive coil 37 and isolating diode 189 are
also connected between the positive bus 46 and controlled
rectifier 20 in parallel with.trip coil: 36. As is shown in FIG. 1,
the switch opening means 14 includes a coil 36 and an-elec-
tromagnetic tripper 30 having a plunger 32. The plunger 32 is
mechanically coupled to a latch crank 33 which is normally
urged in a clockwise direction about pivot point 34 by a reset
spring 35 to hold the main switch 10 in closed position against
the influence of an opening spring 48. As stated hereinabove,
a gating signal is provided to both output controlled rectifier
20 and trip controlled rectifier 123 upon the occurrence of an
abnormal current condition in any of the phases A, B or C.
When both controlled rectifiers 20 and 123 are gated, they
will both conduct and complete a circuit to negative bus 40
through conductor 25 to energize the trip coil 36. Energizing
of coil 36 causes rotation of crank 33 counterclockwise to
release the main switch 10 for movement toward its open posi-
tion under the influence of opening spring 48. When the main
switch 10 is open, its contacts 12] are also open so that con-
trolled rectifier 20 will no longer conduct and coil 36 will be
deenergized. It should be noted that isolating diodes 189, 189’
and 189"’ respectively prevent the energization of trip coil 36,
36’ and 36'' through a phase overcurrent circuit other than
that with which each trip coil is associated. When trip coil 36
is deenergized, the crank 33 is returned to its initial position
by reset spring 35. The switch opening means 14 is thereby
reset in a position to relatch the main switch 10 when ‘it is
returned to its closed position. It may be pointed out that the
anodes of the output controlled rectifiers 20, 20’ and 20"’ are
respectively connected to the switch opening means. 14, 14’
and 14"’ for individually opening the phase A switch 10, the
phase B switch 10’ and the phase C switch 10"’. However, the
cathodes of the controlled: rectifiers 20, 20’ and 20'' are
directly connected to the anode of the trip controlled rectifier
123 so that each of the phase switches may be tripped and
opened by completion of the trip- circuit through controlled
rectifier 123 when the .individual phase overcurrent means
senses an overcurrent condition.

Before continuing with the discussion of the overcurrent
sensing portions of the device, the operation of the common
sequencing means 17 will be mentioned briefly. Sequencing
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means 17 is schematically illustrated in FIG. 1 to include the
stepping relay drive coil 37 and step switches 146, 147 and
148 although any well known type -of mechanical or static
stepping device may be employed. The sequencing means 17
has a plurality of sequentially. operable stages symbolized by
the coil 37, a movable wiper and taps or stages a—f for each of
the step switches. Each time coil 37 is energized it is operable
to simultaneously advance each wiper one tap from a—f and
back te a. The tap a may be considered as the initial stage and
the taps e and f as the final stage of the sequencing means 17.
While it may appear from the schematically illustrated step
switches that circuit through each will be momentarily opened
when their wipers are between position, in actual practice the
switches are of a type wherein the wiper bridges over to the
next contact before moving off of a previous one so that cir-
cuit integrity is maintained. :

Because the stepping relay drive coil 37 is connected in
parallel with trip coils 36, 36’ and 36’ bétween the anodes of
output controlled rectifiers 20, 20 and 20"’ and the positive
bus 46, as previously mentioned, said coil 37 will be energized
when trip controlled rectifier 123 and any one of the con-
trolled rectifiers 20, 20’ or 20’ conduct. Thus, each time any
one’of the main switches 10, 10’ or 10"’ execute an opening
operation, the coil 37 will advance each of the stepping
switches 146, 147 and 148. The stepping relay coil 37 also in-
cludes contacts 171 and 172 and the coil 37 is connected
through these contacts, isolating diode 38 and conductor 39 to
reset controlled rectifier 156. As will be discussed in more
detail hereinafter, the coil 37 is energized through the con-
tacts 171, 172 and reset controlled rectifier 156 when reset
rectifier 156 is gated to advance the step switches 146, 147

-and 148 to their initial or normal positions at stage a after the

step switches have been advanced to one of their states b—d
and an overcurrent condition is no longer sensed on any of the
phase lines A, Bor C.

FIG. 2 shows the details of the overcurrent sensing portion
26, the timing portion 27 and the -output portion 28 of the
common overcurrent responsive means 12. Overcurrent
responsive means 12 is coupled to the respective phases A, B -
and C by current transformers 22, 22’ and 22’ and cor-
responding full wave rectifiers 24, 24’ and 24'' whose output
terminals 24a and 24b, 24a’ and 245’ and 24a’’ and 24b" are
connected in parallel. The rectifier 24 includes diodes 31a,
315, 31c and 31d and the rectifiers 24’ and 24"’ include similar
diodes. The rectifier 24 has its terminals 434 and 43b respec-
tively connected to the diodes 42a and 425 of phase A over-
current means 6 and the rectifiers 24’ and 24’ are similarly
connected to overcurrent means- 6’ and 6'’. Resistors 200,
200’ and 200"’ are connected across each of the secondaries
of current transformers 22, 22' and 22" respectively so that a
voltage will be derived across each which is proportional to
the current in their phases. The drop across resistors 200,200’
and. 200"’ respectively appears between the diodes 424 and
42b,42a’ and 42b' and 424"’ and 42b"’ of the individual phase
overcurrent portions. The largest of the drops across resistors
200, 200’ and 200"’ appears across filter capacitor 205 and
diode 199.

The timing portion 27 of circuit 12 includes a first timing
circuit 201 connected to taps a and b of step switch 146 and a
second timing circuit 201’ connected to taps ¢ and d of said
switch. The timing circuits 201 and 201’ are identical except
for the size of their components, which determine their time
delay characteristics and, accordingly, only timing circuit 201
will be discussed in detail, for the sake of brevity. Circuit 201
is shown to include a timing capacitor 202 connected in series
with a timing resistor 204 and the series combination con-
nected in parallel with a second timing resistor 207. It will be
readily understood by those skilled in the art that the im-
pedance values of capacitor 202 and resistors 204 and 207
determine the charging time for any given fault current. Under
normal operating conditions, step switch 146 will be initially
connected to tap a, so that timing circuit 201 will govern the
first opening operation.
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~In operation, the current ﬂowmg to the collector of the
charging transistor 208 and. through current limiting resistor
198, across capacitor 208, will split between the parallel paths
defined by the timing résistor 207 and the series combination
of timing resistor 204 and timing capacitor 202. When there is
no fault in any of the phases, capacitor 202 is prevented from
charging because it is shunted by resistor 209 in overcurrent
sensing portion 26 to which it is connected by diode 210 and
conductor 211. As a result of this leakage current, the junc-
tion 228 adjacent the collector of transistor 227 and the junc-
tion 230 adjacent the cathode of diode 206 both have a posi-
tive potential close to that of the positive bus 46. The diode
206 serves to prevent stressing of the transistor 231 by the
positive bus 46 potential.

The current flowing from the overcurrent sensing portion
26 through conductor 212 is also proportional to the highest
peak current in any of the phases A, B or C and results in a
proportional transistor 213 collector current flowing through
resistors 214 and 216. This produces a potential on the base of
transistor 218 which is also proportional to said peak current.
Transistor 218 draws emitter current proportional ‘to this
potential through-a resistor 220 so-that its emitter potential is
also proportional to said peak current. The emitter comparing
transistor 222 is held at a fixed potential by a Zener diode 224

and a resistor 226 while its base is connected to the emitter of -

transistor 218. Thus, by a proper selection of components,
transistor 222 can be rendered conductive when the current of
any of the phases A, B or C equals.or exceeds the desired
minimum actyating current of the device. It may be noted that
it is desirable to have the common overcurrent sensing means
12 detect an overcurrent condition in any of the phases at a
level somewhat higher than a phase overcurrent is detected by
one of of the individual phase overctirrent means 6, 6’ and 6'’.
This relationship may be obtained by a component selection
and adjustment which allows the common overcurrent sensing
means 12 to detect an overcurrent condition at a higher value
in the overcurrent wave shape. Conversely, the components of
the phase overcurrent means 6, 6’ and 6'' may be selected and
adjusted such that they detect an overcurrent condition at an
earlier time and a lower value in the wave shape of the over-
current.

Upon the occurrence of an overcurrent in the system,
transistor 222 becomes conductive, passing current to the
base of an output transistor 227. Upon the latter event,
transistor 227 will become conductive to connect the leakage

resistor 209 to the negative bus 40. This, in turn, causes junc-
tion 228 to assume a negative potential so that resistor 209 no
longer effectively shunts- capacitor 202. As a result, timing
capacitor 202 will begin charging. In this manner, the timing
operation is initiated. Diodes 210 and 210 performs the func-
tion of preventing reverse current flow from timing capacitor
202 to junction point 228. )

As timing capacitor 202 charges up, the potential at the
junction point 230 drops to a value below that existing while
timing capacitor 202 was shunted by resistor 209. Since this
lower voltage value also appears at the base of PNP transistor
231 across resistor 225, the transistor 231 will conduct when
the voltage drops below the voltage on its emitter which is
held at a fixed value by the resistor 236 and Zener diode 235.
When transistor 231 conducts, its collector current flows
through resistors 238 and 239 and produces a potential on the
base of transistor 232. The emitter current from transistor 232
flows through resistor 237 and produces a voltage at the base
of transistor 234 which causes it to conduct a current from
positive bus 46 through resistor 229 and resistor 233 to the
negative bus 40. The current flowing through resistor 233
produces a potential at the gate of trip controlled rectifier
123. If an overcurrent condition has been detected by .any one
of the individual phase overcurrent means and a gating signal
provided to the corresponding overcurrent sensmg means out-
put controlled rectifier 20, 20’ or 20’, an energizing circuit
will be completed to the trip coil of the phase having the over-
current condition, as previously discussed. In addition, the
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stepping relay coil 37 will also be encrgized and the step
switch 146 will be moved to stage b, so that the time delay cir-
cuit 201 will be effective during the second switch opening
operation. Should the fault persist, requiring a third and fourth
opening operation, the switch 146 will be moved to stages ¢
and d, so that the time delay circuit 201’ will be effective,
whereby the third and fourth operations may have a longer
time delay than the initial operation.

Because each of the phase overcurrent means 6 6’ and 6"’
are identical with the common phase overcurrent sensing por-
tion 26, except for the size and- adjustment of some com-
ponents, they will not be discussed in detail for the sake of
brevity. It is sufficient for an understanding of the invention to
state that when a fault current occurs in phase A, a voltage
proportional to the fault current will appear across terminals
43a and 43b and this voltage will be rectified by the diodes

'31a, 31b, 42a and 42b so that a substantially constant DC volt-

age proportional to the fault current appears at the input 44a
of the phase A overcurrent means 6. The input 44a of phase A
overcurrent sensing means 6 is connected to an input
transistor corresponding to the input transistor 213 of the
common overcurrent sensing portion 26 and an output signal
is produced to the output transistor 18 by the conducting of a -
transistor ‘corresponding to the output transistor 227 of the
overcurrent sensing portion 26.

The reclosing and lockout means 16 includes a closing coil
120, normally open contacts 122 which are mechanically con-
nected to the main switch 10 and lockout latching relay 130.
A common reclose controlled rectifier 126 is provided and has
its cathode connected to the negative bus 40 and its anode
connected to each of the individual phase lockout latching
relays 130, 130’ and 130''. The conductor 47 connects one
side of the contacts 122 to the positive bus 46 and the other
side of the contacts 122 are connected to the closing coil 120,
the lockout coil 131 and the arm coil 132. The coils 131 and
132 both comprise part of the lockout latching relay 130. The
lockout latching relay 130 also includes a single-pole double-
throw switch 130a and single-pole single-throw switches
130b13 ¢, which are mechanically operated by either the
lockout coil 131 or the arm coil 132, The contacts 130a—d
are in their normal conditions, as shown in full lines in FIG. 1,
when the main switch 10 is not in its locked out condition. The
contacts are moved to their lockout position, shown in dashed
lines, when the lockout coil 131 is energized to effect lockout -
of main switch 10. The diodes 133, 134, 135, 136 and 137 are
connected to switches 130a—d and function to isolate the ele-
ments of phase A reclosing and lockout means 16 from phase
B and phase C reclosing and lockout means 16’ and 16’
through their common connections. One end of the closing
coil 120 is connected through conductor 124 and normally
closed contacts 130¢ of lockout latching relay 130 to the
anode of closing controlled rectifier 126. The gate of the clos-
ing controlled rectifier 126 is connected through the current
limiting resistor 141 to base-one of reclosing unijunction
transistor 142 of the closing time delay means 8. As will be
later discussed in greater detail, the closing time delay means
8 is effective after the main switch 10 opens to provide a time
delay and then produce a gating signal to reclose controlled
rectifier 126. When the main switch 10 is in its closed position,
contacts 122 are open so that the circuit from positive bus 46
to negative bus 40 through closing coil 120 and reclose con-
trolled rectifier 126 is also open. In addition, when the con-
tacts 122 are open the circuit from positive bus 46 through the
arm coil 132 and the normally closed contacts 130a of the
lockout latching relay 130 to step switch 147 is also open.
When the main switch 10 reaches its fully open position, the
contacts 122 close to complete the circuit from positive bus
46 through the closing coil 120 to the anode of reclose con-
trolled rectifier 126 and also complete an energizing circuit
through stepping switch 147 to closing time delay means 8.
After a reclose time delay, the reclose controlled rectifier 126
is gated to complete the energizing circuit through closing coil
120 to the negative bus 40. Energizing of closing coil 120
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moves the magnetic plunger 93 toward the right as seen‘in
'FIG. 1 to close the main switch 10 and extend the opéning
spring 48, thereby storing energy for the succeeding opening
operation. Also, contacts 122 are opened to deenergize the
closing coil 120 and the closing time delay means 8.

The closing time delay means 8 is shown in FIG. 1 to include
a resistor-capacitor timing circuit comprising resistors 173,
174, 175 and 176 and capacitor 177. One end of each of the
resistors 173, 174 and 175 is respectively connected to taps d,
cand b of the stepping switch 147 and the resistor 176 has an
end connected to the normally open contacts 138a of manual
switch 138. The timing capacitor 177 has its negative terminal
connected to the negative bus 40 and its positive terminal con-
nected to each of the resistors 173—176 and to the emitter of
reclose unijunction transistor 142. Base-one ‘of reclose
unijunction transistor 142'is connected through current limit-
ing resistor 179 to the negative bus 40 and base-two of
transistor 142 is connected through. bias setting resistor 180,
conductor 127, lockout latching relay contacts 1304 and main
switch: contacts 122 to the positive bus 46. As previously
stated, the base-one of reclose transistor 142 is also connected
to the gate of reclose controlled rectifier 126.

‘Upon ' the: initial operation of the repeating circuit inter-
rupter, each of the switches 146, 147 and 148 will be at stage
a. When a fault current occurs on one of the phase lines A, B
‘or.C, the output portion 28 of common overcurrent respon-
sive means 12 will produce a gating signal causing trip con-
trolled rectifier 123 to conduct and effect energization of the
trip coil 36 and the sequence relay drive coil 37 through the
closed contacts 121 of main switch 10. Energizing of the coil
36 causes the main switch 10 to trip open and energizing of
the coil 37 advances each of the stepping switches 146, 147
and 148 one step to their b stages. The movement of switch
147 to its b tap completes an energizing circuit through the
now closed contacts 122, arm coil 132, contacts 130a to tim-

ing resistor 175 and timing capacitor. 177. When the timing .

capacitor 177 charges to the triggering potential of reclose
transistor 142, transistor 142 will conduct to gate reclose con-
trolled rectifier 126. The controlled rectifier 126 will then
conduct to cause energizing of closing coil 120 and the reclos-
ing of main switch 10.

Should the fault persist, the output pomon 28 will agam
gate the trip controlled rectifier 123 to energnze trip coil 36
and sequence relay drive coil 37. The main switch 10 will
again be opened and the step switches 146, 147 and 148 will
each be advanced to their stages ¢, whereupon the resistor 174
and capacitor 177 will be energized to cause conduction of
reclose controlled rectifier 126 and reclosing of the main
switch 10 after a time delay. Similarly, should the fault persist
after the second reclosing operation, the trip coil 36 and
sequence relay drive coil 37 will be energized after a relatively
long time delay to again open the main switch 10 and advance

. the stepping switches to their d stages. The reclose controlled
rectifier 126 will again conduct and the closing coil 120 will be
energized to reclose the main switch 10 after a time delay pro-
vided by the energizing of resistor 173 and charging of capaci-
tor 177. If the fault continues after the third closing operation,
the trip coil 36 will again be energized to cause opening of the
main switch 10 and the sequence relay drive coil 37 will ad-
vance each of the stepping switches to their states e. It may be
seen in FIG. 1 that diode 167 is connected between the closing
time delay means 8 and the anodes of diodes 189, 189’ and
189’’. The diode 167 functions to maintain reclose timing
capacitor 177 in a discharged condition so that a reclose
operation cannot take place while a tripping operation is oc-
cumng This is important where tripping of one phase is oc-
curring and it is not desired to reclose that phase with the
reclosing of another phase.

It can be seen in FIG. 1 that the e taps or stages of switches
146 and 147 are unconnected so that these switches do not
perform a function when they advance to the e stages. How-
ever, the advancement of switch 148 to its e stage causes a cir-
cuit to be completed from the negative bus 40 to the reset tim-
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ing capacitor 145 through isolating diode 149 and to the base
of lockout transistor 143 through bias setting resistor 144.
Connection of the reset timing capacitor 145 to the negative
bus 40 at this time prevents charging of the capacitors 145 and
the occurrence of a control resct operation while the control
device is in the process of locking open a main switch.
Completion of the circuit to transistor 143 causes it to con-
duct and complete a circuit from positive bus 46 through cur-
rent limiting resistor 150 to the-gate of lockout controlled
rectifier 139. When the lockout controlled rectifier 139 is
gated, the lockout coil 131 of lockout fatching relay 130 is
energized through the contacts 122, which are now closed
since the main switch 10 is open, and the normally closed con-

“tacts 130b of the lockout latching relay 130 so that the lockout

coil 131 switches each of the contacts 130q, 130b, 130¢ and
1304 from their normal'to their lockout positions. It should be
noted that the contacts of the lockout latching relay 130 are
mechanically latched in either their normal or lockout posi-
tions until switched from one position to another by energizing
of the proper coil. Ini their lockout positions, the contacts 130a
connect the arm coil 132 to the anode of the arm controlled
rectifier 41. The contacts 130b deenergize the.lockout coil
131 after it has moved the contacts to their lockout positions
and the contacts 130d close to complete a circuit through the
lamp 140 so that it will become energized and indicate that the
main switch 10 has completed an opening and closing opera-
tion sequence and is in its locked open condition: The con-
tacts 130c open so that the closing coil 120 can no longer be
energized through the reclose controlled rectifier 126 in the
event that it conducts to allow energization of the closing coils
associated with reclosing and lockout means 16’ and 16''. It
should be understood that only the lockout latching relay 130
is tripped to a lockout position and the operation of the reclos-
ing and lockout means 16 will not affect the reclosing and
lockout means 16’ and 16’' associated with phases B and C.

In addition to completing a circuit which allows locking
open of the main switch 10, the advancement of stepping
switch 148 to its stage e also completes a circuit from the posi-
tive bus 46 through the sequence relay drive coil 37, its nor-
mally closed contact 171 and isolating diode 151 to the nega-
tive bus 40. The coil 37 is thereby energized and advances the
stepping switches 146, 147 and 148 one step to their f stages.
The stepping switches are advanced one step only because the
sequence relay contact 171 opens when the drive coil 37 is
energized to deenergize the coil 37. When the coil 37 is
deenergized, the contact 171 will again close to complete an
energizing circuit through the f stage and wiper of stépping
switch 148 to the negative bus 40. This causes advancement of
the stepping switches 146, 147 and 148 to their a stages so that
they are again in a position to operate in the event of a fault
current occurring on the phase B or phase C line. The isolating
diode 151 serves to prevent a second energizing of the circuit
to lockout transistor 143 and reset timing capacitor 145 when
the switch 148 moves to its f'stage.

After the lockout latching relay 130 has been tripped to its
lockout position to lock the main switch 10 open, the switch
10 can be reclosed only by use of the manual switch 138. The
manual switch 138 has a normally open contact 1384, which
was previously mentioned and a second normaily open con-
tact 138b. One side of the contacts 138b are connected to a re-
sistor-capacitor charging circuit comprising resistor 152 and
capacitor 153 serially connected between the positive bus 46
and the negative bus 40. The other side of contacts 138b are
connected through current limiting resistor 157 to the gate of
arm controlled rectifier 41. The contacts 1382 of manual
switch 138 have one side.connected to positive bus 46 through
contacts 130a, arm coil 132, and contacts 122 when the relay
130 and main switch 10 are respectively in their normal and
open positions. The other side of contacts 1384 is connected
through reclose time delay resistor 176 and time delay capaci-
tor 177 to the negative bus 40. As previously stated, the re-
sistor 176 and capacitor 177 are also both connected to the
emitter of reclose unijunction transistor 142. When the
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manual switch 138 is operated tht, contacts 138a and ' 138h
~each close to complete two related circuits which result in clo-
- sure of any locked out main switch, e.g., switch 10. When the
contacts 138b are closed, the reset capacitor 153 discharges to
gate the arm controlled rectifier 41 and cause it to conduct
through a circuit including the closed contacts 122, the arm
coil 132-and contacts 130a, as shown in their locked out
dashed line position in FIG. 1. The arm coil 132 is thus ener-
gized and moves all of the contacts of lockout latching relay
130 to their normal positions in which they are mechanically
latched. A circuit is thus completed from the positive bus 46
through the closed contacts 122 of switch 10, the closing coil
- 120, the closed contacts 130c of the relay 130 to the anode of
reclose controlled rectifier 126. Closing of the contacts 138a
of the manual switch 138 completes an energizing circuit from
the positive bus 46 through the contacts 122 of the switch 10,
the arm coil 132 and the contacts 130z in their normal posi-
tion to the reset timing resistor 176 and capacitor 177. When
the timing capacitor 177 charges to the potential required. to
trigger the reclose unijunction transistor 142, it will conduct
and provide a gating signal to reclose controlled rectifier 126.
The controlled rectifier 126 will then conduct to energize the
closing coil 120 so that the switch 10 closes, the contacts 122
open and the contacts 121 close. The reclosing and lockout
means 16 is now in its normal condition in-which it is prepared

to control a sequence of reclosing operations and lock the-

main switch 10 in an open condition at the end of the reclosing
sequence.

It will be recalled that the recloser will cycle itself to lockout
only if the fault current persists fora predetermined number
of opening and closing operations. The number of such opera-
tions is determined by the number of stages through which the
step switch 148 may be moved before it gets to the stage which
will cause energization of the lockout coil 131 of the lockout
latching relay 130 and the consequent locking of the main
switch 10 in its open position. FIG. 1 shows the step switch
148 to have four stages, a, b, ¢ and d, which allow four opening
and closing operations before the switch 148 reaches its e
stage at which the lockout latching relay 130 is energized and
tripped to- its lockout position. Sequence relays including
switches such as step switch 148 are well known in the art and
are adjustable to provide more or less than four operations. In
order to reset the recloser should the fault clear after a lesser
number of opening and closing operations as determined by
stepping switch 148, a resetting circuit: 185 is provided. The
resetting circuit 185 includes the reset controlled rectifier
156, a reset unijunction transistor 181 and a reset time delay
circuit comprising the timing capacitor 145 and resistor 161.

negative bus 40 and the sequence relay contacts 171 and 172
-and drive coil 37 are serially connected between the positive
bus 46 and the anode of controlled rectifier 156 by conductor
39. Conductor 162 connects the reset timing resistor 161 and
capacitor 145 through isolating diodes 163, 163’ and 163'’ to
the contacts 121, 121’ and 121"’ of the main switches 10, 10’
and 10’’. Thus, when any one of the main switches is closed, a
charging circuit from the positive bus 46 through the trip coil
36 is completed to the resistor 161 and capacitor 145. The
positive  bus 46 is also connected to base-two of reset
transistor 181 through conductor 158, diodes 182, 183 and
184 and stepping switch 146 whenever switch 146 is at one of
its stages b, ¢ or d. The junction 160 between timing capacitor
145 and resistor 161 is connected by conductor 159 to junc-
tion 228 of overcurrent sensing portion 26 so that when a fault
exists on one of the phase lines and the output transistor 227 is
conducting, the reset timing capacitor 145 will be prevented
from charging (see FIG. 2).
Assume, for example, that a fault current occurs in phase A
and that after two opening and two reclosing operations, the
. fault condition disappears. The main switch 10 will be closed
so that its contacts 121 are closed and the step switches 146,
147 and 148 will be at their ¢ stages. When the stepping switch
- 146s atits ¢ stage, a circuit is completed from the positive bus
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46 through conductor 158 to base-two of resct transistor 181
so that it will conduct when a triggering potential is applied to
is emitter. Since the contacts 121 are closed when the switch
10 is closed, a circuit is completed from positive bus 46
through the trip coil 36, conductor 164 and conductor 162 to
the reset timing circuit so that timing capacitor 145 charges.
Since the fault current has cleared, transistor 227 of overcur-
rent sensing portion 26 will not be conducting so that capaci-
tor 145 is not prevented from charging. When capacitor 145
charges to the trigger potential of unijunction transistor 181, it
conducts and current flows through bias setting resistor 165 to
the negative bus 40 and through current limiting resistor 155
to the gate of reset controlled rectifier 156. Conducting of
controlled rectifier 156 completes a circuit from the positive
bus 46 through the sequence relay coil 37, sequence relay
contact 171, contact 172, which is closed only when the step
switches of the sequence relay 37 are not in their normal posi-
tions at stages a, and conductor 39 to the negative bus 40. The
coil 37 is thus energized to advance the step switches one step
to their d stages. The coil 37 will advance the step switches
one step only because the contact 171 will open when the coil
37 is energized to deenergize it, as previously discussed. A
holding current resistor 166 is connected in parallel with the
coil 37 and contact 171 between the positive bus 46 and con-
tact 172 so that the reset controlled rectificr 156 will continue

" tobe energized even though the contact 171 opens to deener-
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The cathode of reset controlled rectifier 156 is connected to 5 0.

gize coil 37. The isolating diode 38 prevents undesired charg-
ing of the reset timing circuit or conducting of the controlled
rectifiers 20, 20’ and 20"’ from the positive bus through the
holding current resistor 166. The holding current resistor 166
also allows the reset controlled rectifier 156 to continue con-
ducting even after the step switch 146 moves to its e stage and
the controlled rectifier 156 is no longer gated by the reset
transistor 181. After the sequence relay coil 37 has been ener-
gized and advances the stepping switches to their d stages and
the contact 171 has opened to deenergize the coil 37, the con-
tact 171 will again close to that.the coil 37 is energized
through the contact 171, diode 38, contact 172, conductor 39
and controlled rectifier 156. The stepping switches are then
advanced to their e stages and in the same manner to their f
and a stages. When the stepping switches reach their a stages,

the contact 172 will be opened and remain open so that the
coil 37 is no longer energized to advance the step switches.
The recloser control is now in its normal condition in which it

‘provides full overcurrent protectxon to any phase line having

its main switch closed.

The conditions for recycling of the recloser to its initial
position by the resetting circuit 185 can be summarized as
requiring that any one of the main switches 10, 10’ and 10'’ be
closed so that one of their associated contacts 121, 121’ and
121"’ are also closed, that the overcurrent sensing portion 26
sense normal circuit conditions on the phases A, B and C and
that the step switches are neither in their initial or lockout
stages and that none of the main switches are open for a
reclosing delay. These requirements allow resetting of the
recloser control to its normal condition so that it may protect
against any future circuit condition if any one phase switch is
closed and that phase is functioning normally. Thus, faulted
phases can be locked out and nonfaulted phases can continue
to provide service while still being protected by the recloser
control. In addition, the above requirement for resetting of the
recloser control allows the resetting circuit 185 to operate in-
dependently of the opemng and closing time delays respec-
tively provided by the timing portion 27 and the closing time
delay means 8.

As illustrated in FIG. 1, diode 168 is connected through
conductor 169 between the closing time delay means 8 and
contacts 172. The diode 168 functions to maintain reclose
timing capacitor 177 in a discharged condition so that a
reclose operation cannot take place while a resetting opera-
tion is occurring. The conductors 186 and 187, connected
between the contacts 171 and the anode of trip controlled
rectifier 123 divert any current flowing to the anode of reset
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controlled rectificr 156 so that a resct operation is prevented
while a tripping operation is occurring.” The  diode 188
prevents any current flowing to the anode of reset controlled
rectifier 156 from also flowing through trip coil 36 and output
controlled rectifier 20 and causing a trip operation.

In the ‘event that a reclosing operation is initiated in one
phase before the start-of a control resctting operation, it is
desirable to prevent the occurrence of the resetting operation

* until the reclosing operation is completed or lockout occurs.
For this purpose, the serial combination of transistor 190 and
current limiting resistor 191 are connected in parallel with
reset timing capacitor 145 and function to shunt charging cur-
rent to capacitor 145 so that it cannot trigger reset transistor
181. The base of transistor 190 is connected between bias

setting resistors 193 and 192 which are, in turn, connected -

between the negative bus 40 and positive bus 46 through con-
ductor 128, contacts 130a and arm coil 132 of relay 130, con-
tacts 122 of switch 10 and conductor 47. It can thus be seen

that when switch 10 is open, contacts 122 are closed and relay

130 has not tripped to its lockout position, so that switch 10is
about to be reclosed, a circuit through bias resistors 193 and

192 is completed and transistor 190 conducts to prevent a

resetting operation. co

Although a preferred embodiment of the invention has been
illustrated and described, the disclosure is not to be in-
terpreted as limiting, for the invention may be variously em-
bodied and is to be constriied in accord with the claims which
follow.

We claim: S

1. In a repeating circuit interrupter in’ circuit with a
polyphase electrical system and having separaté main switch
means connected in each phase of said system, the combina-
tionof: ' ) :

control means for opening any of said main switch means
upon the occurrence of an abnormal current condition in
the phase associated with the opened switch means and
for closing the opened switch means; and S

condition responsive means coupled to said polyphase
system for detecting an abnormal current condition in
any one of the phases of the system, said condition
responsive means including a single time delay means
operative when an abnormal current condition occurs in
any of said phases to provide and opening time delay for
the main switch means associated with the phase having
said current condition and producing an output signal to
actuate said control means after the opening time delay.

2. In a polyphase repeating circuit interrupter having
separate main switch means connected in circuit with each
phase of a polyphase electrical system, the combination of:

control means for opening any one of said switch means
upon the occurrence of an abnormal current condition in
an associated phase and for closing the opened switch
means;

a single sequencing means responsive to the opening of any
of said switch means and being operable to sequence said
control means and only those switch means opened by
said control means through a predetermined number of
switch opening and closing operations; and

lockout means responsive to said sequencing means when
said sequence of switch opening and closing operations
has been completed to lock open only those switch means
open at the completion of said sequence, whereby those
switch means connected in phases not carrying an abnor-
mal current will continue in a closed condition.

3. The combination according to claim 2 further comprising
indicating means responsive to- the lockout means for
separately indicating only the locked open condition of each
main switch. o

4. The combination according to claim 2 wherein said
lockout means includes relay means actuated by the sequenc-
ing means to prevent the control circuit from operating to
close those switch means open after completion of said
sequence of switch opening and closing operations.
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'5..The combination according to claim 2 wherein said
lockout means includes relay means actuated by the sequenc-
ing means upon completion of said sequence of switch open-
ing and closing operations and responsive to the open position
of any switch means to disconnect the control means from any
open switch mcans so that the opened switch means does not
again closc.

6. The combination according to claim 2 wherein;

said sequencing mieans has a plurality of stages including an

initial stage at which it is positioned when current condi-
tions are normal in all of said phases and a final stage at
which the lockout means is actuated; and further com-
prising reset means operative in response to the closing of
only one of said switch means when current conditions
are normal in all of said phases and the scquencing means
is between its initial and final stages to return the
sequencing means to its initial stage.

7. The combination according to claim 6 wherein said reset
means includes reset time delay means responsive to the clos-
ing of any one of said switch means to provide a time delay
prior to the returning of the sequencing means to its initial
stage.

8. The combination according to claim 2 wherein said
sequencing means includes advancing means and a plurality of
stages comprising an initial stage at which it is positioned
when current conditions are normal in all of said phases and a
final stage at which the lockout means is actuated and the ad-
vancing means is responsive to effect the return of the
sequencing means to its initial stage so that the full sequence
of opening and closing operations is again available in the
event of the occurrence of an abnormal current condition in
any of those phases having closed switch means.

9. The combination according to claim 8 wherein said ad-
vancing means comprises an energizing circuit connecting the

‘sequencing means to an energy source when it reaches its final

stage and being disconnected from the sequencing means
when it reaches its initial stage so that the sequencing means is
returned to its initial stage independently of the operation of
the control means, lockout means and any of the switch
means.

10. The combination according to claim 9 wherein:

said advancing means includes a drive means for advancing

the sequencing means when energized; and

said energizing circuit includes a switch movable to a closed

position when the drive means is deenergized and mova-

, ble to an open position when the drive means is ener-
_gized, said switch, drive means and the final stage of the
sequencing means being serially connected to said energy
source, said drive means being energized through the
switch in its closed position when the sequencing means
reaches its final stage whereby the sequencing means is
advanced to its initial stage and the switch is moved to its
open position, said drive means being deenergized when
the switch moves to its open position to cause the switch
to return to its closed position.

11. The combination according to claim 2 further compris-
ing common time delay means connected to said control
means and operative when an abnormal current condition oc-
curs in any one of said phases to provide an opening time
delay for only those switch means connected in a phase having
an abnormal current condition and producing an output signal
to actuate the control means at the end of the opening time
delay.

12. The combination according. to claim 11 wherein said
control means includes circuit means responsive to the output
signal from said common time delay means for limiting the
operation of the control means to the opening of only those
switch means connected in phases having abnormal current
conditions. .

13. The combination according to claim 12 wherein:

“said polyphase system has three electrical phases and a
separate main switch means connected in each phase; and



-said circuit means includes first, second and third tripping
means each corresponding-to-a main switch means and
being responsive to the output signal from said common

time delay means for initiating an opening operation of

the corresponding switch means; and further comprising
condition responsive means coupled to said system for
detecting an abnormal current condition in any of said
phases and for producing an actuating signal only to those
tripping means corresponding to a main:switch means
connected in a phase having an abnormal current condi-
tion, said corresponding tripping means being actuated
when the output and actuating signals from said common
time delay means and condition responsive means coin-
cide. : ’ : _

14. The combination ‘according to claim 13 wherein said
first, second and third tripping means have corresponding
first, second and third switching méans each having a noncon-
ductive condition in which its corresponding tripping means is
inoperative ‘and a conductive condition in' which its cor-
responding tripping means-is operative, each of said switching
means being in a nonconductive condition when the cor-
responding main switch means is. closed and the phase in
which it is connected is carrying a normal current, each of the
switching means being connected to the connected to the con-
dition responsive means and the common time delay means
and being conductive in response to the simultancous produc-
tion of the actuating signal by the condition responsive means
and the output signal by the common time delay means.

15. The combination according to claim 14 wherein each of
said switching means included in a tripping means correspond-
ing to a main switch means comprises individual first anode
and cathode means and second -anode and cathode means
commonly. connected to all of the first anode and cathode
means, both of said anode and cathode means being noncon-
ductive to maintain said tripping means inoperative when said
corresponding main switch means is closed and the phase in
which it is.connected is carrying normal current, both of said
anode and cathode means being conductive to effect opera-
tion of said tripping means in response- to the simultaneous
production of the actuating signal from the condition respon-
sive meanis and the output signal from the common time delay
means when an abnormal current condition occurs in the
phase in which said corresponding main switch is connected.

16. The combination according to claim 13 wherein said
condition responsive means. includes first, second and third
abnormal current sensing means corresponding to said first,
second and third tripping means, each of said abnormal cur-
rent sensing means being separately coupled to one of said
phases and being operative to detect an abnormal current con-
" dition only in the coupled phase and produce an actuating
signal to the corresponding tripping means.

17 The combination according to claim 16 wherein each of
said tripping means includes a first anode and cathode circuit
having a first gating means connected to the corresponding
abnormal current sensing means and a second anode and
cathode circuit serially connected to each of the first anode
and cathode circuits and having a second gating means con-
nected to the common time delay means for receiving an out-
put signal from said common time delay means, said first and
second anode and cathode circuits each having a nonconduct-
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itiate a switch opening operation and a conducting condition
in which said tripping means initiates the switch opening
operation, both of said anode and cathode circuits conducting
when said first gating means receives an actuating signal from
said corresponding abnormal current sensing means and said
second gating means.reccives an output signal from said com-
mon time delay means.

18. In a repeating circuit interrupter in circuit with a
polyphase electrical systém and having separate main switch
means connected in each phase of said system, the combina-

tion of:
control means for opening any of said main switch means

upon the occurrence of an abnormal current condition in
the phase associated with the opened switch means and
for closing the opened switch means; and
sequencing means operable to sequence the entire control
means and any one of said switch means from an initial
condition through a predetermined number of switch
opening and closing operations.
19. The combination according to claim 18 further compris-
ing control reset means responsive to any one of said switch
means when the latter is closed to reset the control means to

" its initial condition in the event that no abnormal current con-

dition exists on any phase after any of the switch means has
performed on at least one opening and-closing operation.

20. The combination according to claim 19 further compris-
ing condition responsive means coupled to said system for de-
tecting an abnormal current condition in any of said phases,
said condition responsive means including a circuit connected
to said control reset means and energized when abnormal cur-
rent is detected by the condition responsive means; and |

said control reset means is maintained inoperative in

response to said circuit when energized.

21. The combination according to claim 19 wherein:

said switch means includes a switch circuit having a closed

condition; and

said .control reset means is electrically connected to said

switch circuit and is energized in response to the switch
circuit in its closed condition to reset the control means.

22. The combination according to claim 18 wherein said
sequencing means is a single sequencing means.

23. The combination according to claim 18 wherein said

“sequencing means includes a switching circuit and a stage at

which the switching circuit has a closed condition; and further
comprising control reset means electrically connected to said
switching circuit and responsive to the switching circuit when
the latter is in its closed condition to reset the control means
to its initial condition.

24 In a repeating circuit interrupter in circuit with a
polyphase electrical system and having separate main switch
means connected in each phase of said system, the combina-
tion of a single control means for opening any of said main
switch means upon the occurrence of an abnormal current
condition in the phase associated with the opened switch
means and for closing the opened switch means; and sequenc-
ing means operable to sequence said control means from an
initial condition through a predetermined number of switch
opening and switch closing operations.
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