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This invention relates generally to switching apparatus, 
and it has reference in particular to line sectionalizers hav 
ing therein apparatus for changing the total number of 
circuit interruption counts required to lockout the section 
alizer. 

It is an object of this invention to provide in a line 
sectionalizer having an integrator for counting circuit in 
terruptions in the line and biased to reset if the consecu 
tive line interruptions are not closely following one an 
other and which efr'ects lockout after a pre-determined 
number of closely consecutive counts, an electroresponsive 
means operable to selectively hold the counter means in a 
relatively advanced position from zero so that a lesser 
number of counts are required to advance the counter 
to the lockout operating position. 

It is another object of this invention to provide in a 
line sectionalizer having a counter as described, an elec 
trical impulse responsive means for changing the reset 
position of the counter from a ?rst position to a second 
alternative position to change the total number of circuit 
interruption counts required to effect lockout operation of 
the counter. ' 

These and other objects of this invention will become 
more apparent upon consideration of the following de~ 
tailed description of a preferred embodiment thereof, 
when taken in connection with the attached drawing, in 
which: 
FIGURE 1 is a diagrammatic view of a line section 

alizer showing the present invention; , 
FIG. 2 is an elevational view of a modi?cation of the 

electroresponsive counter reset adjusting mechanism of 
FIG. 1; 

FIG. 3 is an enlarged detail view, in elevation, of the 
pawl lever utilized in the sectionalizer, and 

FIG. 4 is an enlarged detail view, in plan, of the pawl 
lever shown in FIG. 3. 

Generally stated, the present invention is embodied in 
a line sectionalizer and comprises an integrator or count 
ing mechanism advanceable in step-by-step fashion in re 
sponse to closely consecutive operations of a solenoid in 
the line circuit, which solenoid is responsive to each fault 
circuit interruption of a circuit breaker in series with the 
line sectionalizer. The integrator is continuously biased 
toward a zero count reset position so that clearance of 
the fault condition before the integrator has been ad 
vanced a predetermined number of steps to effect lock 
out of the sectionalizing contact will allow the integrator 
to automatically reset to the zero count position in prep 
aration for counting a new fault condition in the line. 
In order to change the total number of circuit interruption 
counts required to effect lockout of the sectionalizer, there 
is provided an electromagnetic mechanism operable in 
response to an electrical impulse of one polarity or an 
other to position a reset stop device either in a ?rst posi 
tion or a second position to maintain the integrator in 
different advanced positions to thus alter the total number 
of circuit interruption counts required to effect lockout 
operation of the sectionalizing apparatus. A mechanical 
timer is connected to the integrator through an overrun 
ning clutch to restrain the movement of the integrator 
toward the reset position. 

Referring now to FIG. 1 of the drawing, there is shown 
a line sectionalizer generally indicated at 10 and includ 
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ing an integrator wheel 11 biased to reset, a timing mecha 
nism 12 providing time delay reset operation of the in_ 
tegrator wheel, a trip mechanism 13 engageable by the 
integrator after a predetermined number of counts to ef 
fect opening operation of line contacts 14, a pawl mecha 
nism 15 operable to advance the integrator wheel, a 
solenoid 16 in the line and responsive to fault current and 
subsequent interruption thereof by operation of a reclos 
ing circuit breaker to operate the pawl mechanism, and 
an integrator reset stop mechanism 17 operable to deter 
mine the limit of maximum reset of the integrator wheel. 
The integrator wheel 11 is mounted for rotation with a 

?xed shaft 21 and includes on a portion of its periphery a 
plurality of spaced teeth members 22 by which the in 
tegrator wheel is advanced in response to operation of the 
pawl assembly 15, as hereinafter described. A lateral trip 
projection 23 is provided on wheel 11 adjacent the ?rst 
tooth 22 for operatively engaging the trip bar assembly 
13, as hereinafter described. The wheel 11 is constantly 
biased in a counterclockwise direction to the reset posi 
tion shown in FIG. 1, by means of a torsion spring 24 
encircling shaft 21 and having one end abutting a holding 
pin 25 ?xed on the integrator wheel, and having the other 
end abutting a portion of the timing mechanism 12. A 
reset stop or limit pin 26 is provided on the wheel 11 
for engaging with the reset stop assembly 17 as hereinafter 
described. On another portion of the integrator wheel 
periphery, there is provided a set of gear teeth 27 by 
which means the integrator wheel 11 is delayed in its 
reset motion in cooperation with the timing mechanism 
12, as hereinafter described. 
The operating solenoid 16 comprises a coil 23 and an 

armature 29 associated therewith and operable to be 
drawn upwardly within the coil in response to fault current 
conditions in the line circuit. The armature 29 is biased 
outwardly of the coil 28 by means of an integrating spring 
39 connected between an extension 31 on the armature 29 
and a ?xed support 32, whereupon cessation of the fault 
current in response to operation of a reclosing circuit 
breaker, not shown, in series with the sectionalizer 10, per 
mits spring 30 to withdraw the armature 29 from within 
the coil 28 to the position shown in FIG. 1. 
As shown in FIGS. 3 and 4, the pawl assembly 15 

comprises a pair of relatively rotatably mounted mem 
bers 36, 37 biased in one direction by means of a torsion 
spring 38 disposed around the member 37 and engaging a 
laterally extending trip element 39 on the member 37. 

r The pawl assembly 15 is mounted at its center for pivotal 
motion about a ?xed pin 40 disposed adjacent the wheel 
11. One end of the pawl assembly 15 is attached to the 
lower end of solenoid extension 31 by means of a pivot 
41. A ?xed stop member 42 is disposed adjacent the 
member 36 of pawl assembly 15 to de?ne the lower limit 
of motion of the assembly 15 about pin 40, and also to 
de?ne the lower limit of motion of armature 29. 

In‘ the operation of the apparatus as thus far described, 
it will be seen that when the current through the coil 28 
reaches a sufficiently high magnitude, the force on the 
armature 29 exceeds the restraining force of the integrat 
ing spring 30, thereby pulling the armature into the 
solenoid into a position where pawl assembly 15 has 
cleared the integrating wheel 11 and is ready to pick up 
one of the teeth 22 on the integrating wheel in its return 
to its original position as shown. During this motion of 
the pawl lever assembly 15 in the clockwise direction, 
the pawl members 37, 39 rotate so that the catch mem 
ber 39 rides over the surface of the integrating wheel 11. 
Upon cessation of current of su?icient magnitude to hold 
the integrating spring 30 in the extended position, the 
integrating spring will rotate the pawl lever assembly 15 
in the counterclockwise direction, whereupon the catch 



‘tion as shown in FIG. 1.’ 
‘ the pawl assembly 15 is in the normal position, as shown 

3) . 

39 will be rotated by the torsion spring 38 and will pick 
up the ?rst tooth 22 on the integrating wheel to rotate 
the wheel in a clockwise direction as the integrating 
spring 30 resets the pawl assembly to the normal posi 

It is to be noted that when 

in FIG. 1, the catch 39 releases the tooth 22 to allow 
reset operation of the integrator wheel 11 in a manner 
to be hereinafter described. 
The motion of the integrator wheel 11 in a counter 

clockwise or reset direction under the bias of spring 24, 
is slowed by the timing mechanism 12. An escapement 
mechanism or mechanical timer has been selected for use 

" in the present invention because of its superior reliability 
and because of lack of temperature sensitivity. However, 
it will be understood that other time delay reset mech 
anisms of the conventional hydraulic or pneumatic dash 
pot type may also be used in substitution for the present ' 
mechanical timer. 
The timing mechanism 12 comprises a pinion 46 hav 

ing a tooth periphery 47 in engagement with the previously 
described gear teeth 27 on the integrator wheel 11, which 
pinion is mounted for rotation with a shaft 48 ?xed in 

' position with respect to the previously mentioned shaft 21. 
A large gear 49 is also mounted on the shaft 48 but is 
free to rotate thereabout. A tooth wheel 50 is ?xed to 
the shaft 48 for rotation with pinion 46. A unidirectional 
clutch 51 is attached to gear 49 at pivot 52, and is biased 
into engagement with the teeth of wheel 50 by means of 

I spring 53 compressed between the free end of clutch 51 
and a stop member 54 on the gear 49. Thus, it is seen 
that advancement of the integrator Wheel 11 in the clock 
wise direction effects rotation of pinion 46 and tooth 
wheel 50 independently of gear 49 as the clutch 51 rides 
over the tooth wheel 50. Conversely, when the inte 

~ grator wheel 11 is released by the pawl assembly 15 and 
begins to move counterclockwise in the reset direction 
under the urging of spring 24, the pinion 46 and wheel 
50 rotate clockwise to be engaged by clutch 51, thus 
rotating gear 49 in a clockwise direction therewith. A 
second pinion 55'is mounted for rotation with a shaft 56 
?xed in position with respect to shaft 48, with the periph 
ery engaged with the gear 49. A wheel 57 having teeth 

\ 58 is also ?xed on the shaft 56 with pinion 55 for rota 
tion therewith. An escapement wheel 59 is ?xed on a 
shaft 60 ?xedly spaced with respect to shaft 56, andv 
includes a pair of spaced members 61, 62 near the periph 

' ery thereof for alternately engaging and sliding off the 
teeth 58 of the toothed wheel 57 in a fashion well known 
in timing mechanisms generally. > 

In the operation of the timing mechanism 12, when 
the integrator is being advanced in step-by-step manner, 
the timing mechanism is disconnected from the integra 
tor wheel 11 through the unidirectional releasing action 
of clutch 51, as described above. After the pawl as 
sembly 15 disengages the integrator wheel 11 at the end 

. of each advancement, the clockwise rotation of gear 50 
under the urging of spring 24 engages clutch 51 as de 
scribed, to thus effect rotation of gear 49 in a clockwise 
direction and to effect counterclockwise rotation of pin 
ion 55 and toothed wheel 57. The action of the escape 
~ment wheel 59 with respect to teeth 58 of wheel 57 
retards rotation of the members, as described, to thus 
provide a slow resetting of integrator wheel 11 to a pre 
determined resetting speed such that the next succeeding 
tooth 22 of the integrator wheel 11 will be engaged by 
the pawl assembly 15 if the fault in the line should be 
still in existence when the circuit breaker recloses and 
reopens to effect an additional operation of the sole 
.noid 16. If the fault should be cleared when the re 
closer operates, the integrator will gradually reset to a 
predetermined zero count position as shown, in FIG. 1. 

The trip mechanism 13 is disposed adjacent the in 
tegrator 11 and comprises a trip bar 64 longitudinally 
movable and biased into the position shown in ,FIG. 1 

10 

15 

20 

25 

30 

35 

40 

50, 

55 

60 

65 

70 

' it is at that time in contact. 

3,139,495 
41 . 

by means of spring assembly 65, to thus hold contact 14 
in a closed position. A trip projection 66 is provided 
on bar 64 to be engaged by previously described trip 
member 23 on the integrator wheel 11 when the wheel 
11 is advanced, in this instance, to the third count po 
sition. 
A one-way ?ipper 67 is provided on the movable mem 

ber of contacts 14 to provide for reclosing operation 
of the contact mechanism after the trip bar 64 is reset. ' 
However, it will be understood that the contact mecha 
nism as shown herein is merely illustrative of one mech 
anism which may be operated in response to operation 
of the trip bar 64. The trip bar 64 may be utilized to 
trip any conventional contact lockout mechanism. The 
contact mechanism may be reclosed manually or elec 
trically. 
As has been previously mentioned, the variation in 

the number of counts to lockout is obtained by varying 
the initial zero count position of the integrator wheel 
11. This is achieved by way of the adjustable reset stop 
means 17 cooperating with the stop projection 26 on the 
integrator wheel 11. ' 
The adjustable stop means 17 comprises a stop bar 

68 movable from a ?rst stop position to a second stop 
position by an impulse responsive electromagnetic op 
erating mechanism 69. 
The operating mechanism 69 comprises a pair of soft 

iron keepers 7 0, 71 ?xed in spaced relationship and asso 
ciated with a permanent magnet 72 disposed therebetween 
and adapted for movement across the space from one 
keeper to the other. The stop bar 68 is connected at one 
end to the magnet 72 in any suitable manner and is dis 
posed for axial movement in response to movement of 
the magnet 72 across the space between keepers 70 and 
71. When the permanent magnet 72 is abutting keeper v 

v 71, the bar 68 is in its lowermost position establishing the 
zero reset stop position for wheel 11. When the bar mag 
net 72 abuts keeper 70, the stop bar 68 is moved to the 
upper position establishing an optional reset position for 
wheel 11, holding the wheel in advanced position, thus 
facilitating a lockout operation of contact 14 on a lesser 
total number of operations of the integrator wheel 11. 

In order to provide movement of bar magnet 72 from 
either one of the two described positions to the other, 
coils 73 .are wound about keepers 70 and .71 and are 
connected to a source ofdirect current 74 through a re-v 
versing switch 75 operable to open the circuit and to 
change the polarity of the source with respect to the coils 
73. By operating the. switch 75, a circuit is provided 
through the coils 73 to form north poles at one end of 
each keeper and south poles at the other end thereof 

‘7 to thus repel or attract the magnet, depending upon the 
polarity of the keepers. By reversing the polarity, the 
permanent magnet 72 will be moved in the opposite direc 
tion. Upon cessation of current through the coils 73, 
the magnet 72 will be held against the keeper with which 

The current through the 
coils 73 may be provided by a six or twelve volt battery 

' and may be limited by appropriate series resistance, not 
shown, or by making the coils themselves out of an ap 
propriate size of resistance wire. ‘ 

Referring now to FIG. 2 there is disclosed a modi?ca 
tion of the electromagnetic operating mechanism of FIG. 
,1. The operating mechanism comprises a single U-shaped 
soft iron keeper 76 having spaced end portions 77, 78. 

‘ A permanent magnet 79 is ?xedly mounted upon a support 
' member 80 pivotally mounted at one end 81 and having 
the other end attached to the lower end of adjustable stop 
member 68. The magnet 79 is mounted upon support 80 
so that one pole of magnet 79 abuts one or the other of 
the ends 77, 78 of keeper 76 as the support member pivots 
up or down. A pair of coils 83which are disposed on 
the keeper 76 may be connected to a source of direct cur 
rent through a switch for reversing the polarity in the cir 
cuit or alternatively for opening the circuit in the manner 
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previously described. It will be understood that the ap 
plication of a direct current in the coils 83 will provide a 
north pole at one of the two ends 77, 78 and a south pole 
at the other to provide a force acting upon the one pole 
or bar magnet 79 to move the support member up or 
down, as desired. Upon cessation of current, the support 
80 will remain in its point of last contact to hold the sup 

. port ‘80 in the upper or lower position. 
In the case of a hermetically sealed switching device, 

the direct current can be applied through a hermetic ter 
minal for one terminal and the grounded tank for the 
other terminal. 

In the present apparatus two counts to lockout are ob 
tained by one polarity of application of the direct current 
voltage, while three counts to lockout are obtained for 
the other polarity of application of direct current voltage. 
It is to be understood that the amount of change in the 
number of counts to lockout may be varied as desired 
following the teachings of the foregoing description. The 
above/described integrator mechanism is developed pri 
marily for use in a gas~?lled sectionalizer. Its adaptation, 
however, to use in other media and for use in reclosers or 
circuit ‘breakers'will be obvious to those familiar with the 
art. 

Since numerous changes may be made in the above 
describedconstructions and different embodiments of the 
invention may be made without departing from the spirit 
and scope thereof, it is intended that all the matter con 
tained in the foregoing description or shown in the accom 
panying drawing shall be interpreted as illustrative and 
not in a limiting sense. 

I claim as my invention: _ 
1. A switching apparatus, comprising: separable con 

tacts, trip means operable to effect separation of said con 
tacts; means for counting consecutive occurrences of a 
predetermined circuit condition and including means ad 
vanceable a predetermined increment toward operable 
engagement with said trip means for each occurrence of 
said circuit condition; means for resetting said advance 
able means after a counting operation; means engageable 
with said advanceable means to limit the number of in 
crements the advanceable means may move toward reset 
from the fully advanced tripping position; electrorespon 
sive means for selectively adjusting the limit means to any 
one of a plurality of positions, each position establishing 
a different total number of increments required to lockout 
the switching apparatus. 

2. A switching apparatus, comprising: separable con 
tacts; trip means operable to effect separation of said 
contacts; means fOr counting consecutive occurrences of 
a predetermed circuit condition and including means ad 
vanceable a predetermined increment toward operable 
engagement with said trip means for each occurrence of 
said circuit condition; means for resetting said advance 
able means after a counting operation; means engage 
able with said advanceable means to limit the num 
ber of increments the advanceable means may move 
toward reset from the fully advanced tripping position; 
electroresponsive means for selectively adjusting the limit 
means to any one of a plurality of positions, each position 
establishing a different total number of increments re 
quired to lockout the switching contacts; said electrore~ 
sponsive means including a permanent magnet selectively 
movable from one of a plurality of positions to another 
to effect corresponding movement of said limit means 
from one limit position to another; and means including 
electromagnetic means disposed adjacent the permanent 
magnet to selectively eifect motion of said permanent mag 
net from one position to another. 

3. A switching apparatus, comprising: separable con 
tacts; trip means operable to effect separation of said con 
tacts; means for counting consecutive occurrences of a 
predetermined circuit condition and including means ad 
vanceable a predetermined increment toward operable 
engagement with said trip means for each occurrence of 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
said circuit condition; means for resetting said advance 
able means after a counting operation; means engageable 
with said advanceable means to limit the number of 
increments the advanceable means may move toward 
reset from the fully advanced tripping position; electro 
responsive means for selectively adjusting the limit means 
to any one of a plurality of positions, each position es 
tablishing a different total number of increments required 
to lockout the switching apparatus; said electroresponsive 
means comprising a permanent magnet movable from one 
position to another to effect movement of said limiting 
member from one position to the other; magnetizable 
means ?xed in each of said positions for the permanent 
magnet; and circuit means associated with at least one 
of said magnetizable means for applying electromagnetic 
force to the magnetizable means to control the position 
of said permanent magnet. 

4. A switching apparatus, comprising: separable con 
tacts; means including trip means operable to effect sepa 
ration of said contacts; means for counting consecutive 
occurrences of a predetermined circuit condition and 
including means advanceable a predetermined increment 
toward operable engagement with said tripping means for 
each occurrence of said circuit condition; means for re 
setting the advanceable means after a counting operation; 
means operable from one position to another to establish 
a different number of increments of advancement between 
the ?rst count position and the fully advanced contact 
tripping position of the advanceable means; means in 
cluding electrical impulse responsive means for selectively 
moving said increment establishing means from said one 
position to the said other position, depending upon the 
polarity of the impulse. 

5. A switching apparatus, comprising: separable con 
tacts; means including trip means operable to eifect sepa 
ration of said contacts; means for counting consecutive 
occurrences of a predetermined circuit condition and in 
cluding means advanceable a predetermined increment 
toward operable engagement with said tripping means for 
each occurrence of said circuit condition; means for re 
setting the advanceable means after a counting opera 
tion; means operable from one position to another to 
establish a different number of increments of advance 
ment between the ?rst count position and the fully ad 
vanced contact tripping position of the advanceable 
means; means including electromagnetic impulse respon 
sive means for selectively moving said increment estab 
lishing means from said one position to the said other 
position, depending upon the polarity of the impulse. 

6. A switching apparatus, comprising: separable con 
tacts; means including trip means operable to effect sepa 
ration of said contacts; means for counting consecutive 
occurrences of a predetermined circuit condition and in 
cluding means advanceable a predetermined increment 
toward operable engagement with said tripping means for 
each occurrence of said circuit condition; means for re 
setting the advanceable means after a counting operation; 
means operable from one position to another to estab 
lish a different number of increments of advancement be 
tween the ?rst count position and the fully advanced con 
tact tripping position of the advanceable means; means 
including electrical impulse responsive means for selec 
tively moving said increment establishing means from 
said one position to the said other position, depending 
upon the polarity of the impulse; pivotal means operable 
to move said increment establishing means from one po 
sition to the other; a permanent magnet on said pivotal 
means; electromagnetic means for applying magnetic 
force to said permanent magnet to move said pivotal 
means from one position to the other, depending upon the 
polarity of the electromagnetic means. 

7. A sectionalizer comprising, separable contacts con 
nected in a line circuit, trip means operable to effect sepa 
ration of said contacts, a rotatable integrator wheel hav 
ing means thereon for actuating said trip means, a pivoted 
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pawl lever means responsive to predetermined conditions 
in said line circuit for actuating the lever in one direction 
freely of the wheel, spring means for actuating the lever 
in the opposite direction to drive the integrator wheel 

. step-by-step in a direction to actuate said‘trip means after 
a predetermined number of steps, reset means for driving 
the integrator Wheel in the opposite direction, mechanical 
timing means for restraining the rotation of the integrator 
wheel in said opposite direction, gear means for driv 
ing the timing means, and an overrunning clutch for con 
necting the integrator wheel to said gear means. 

8. A sectionalizer comprising, separable contacts‘ con 
nected in a line circuit, trip means operable to effect sepa 
ration of said contacts, a rotatable integrator wheel hav 
ing means thereon for actuating said trip means, a pivoted 
pawl lever for driving the integrator wheel in a ?rst di— 
rection, means responsive to predetermined conditions in 
said line circuit for actuating the lever in one direction 

, freely of the wheel, spring means for actuating the lever 
in the opposite direction to drive the integrator wheel 
step-by-step in said ?rst direction to actuate said trip 
means after a predetermined number of steps, reset means 
for driving the integrator wheel in the opposite direction, 
an escapement mechanism for restraining the rotation of 
the integrator wheel in said opposite direction, gear means 
for driving the escapement mechanism, and uni-direc 
tional clutch means for connecting the integrator wheel to 
said gear means. 
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,9. Switching apparatus comprising, separable contacts 
connected in a line circuit, trip means operable to effect 
separation of the contacts, a rotatable integrator wheel 
having means thereon for actuating said trip means, a piv 
oted pawl lever carrying a pawl member for driving the 
integrator wheel step-by-step in a ?rst direction to actua 
ate said trip means after a predetermined number of steps, 
means responsive to current in said line circuit for actu 
ating the pawl lever in one direction freely of the wheel, 
spring means for actuating the pawl lever in the opposite 
direction to drive the wheel in said ?rst direction, reset 
means for driving the integrator wheel in the opposite 
direction, timing means for restraining the rotation of the 
integrator wheel in said opposite direction, gear means 
for driving the timing means, and an overrunning clutch 
for connecting the integrator wheel to said gear means. 
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