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[5 7 ] ABSTRACT 

An opening resistor for a circuit interrupter consists of 
?rst and second concentric helically wound resistor 
sections normally spaced from one another, and are 
respectively connected to the cooperating contacts of 
a circuit interrupter. When the contacts open, an ini 
tial arc is transferred by a blast of gas to extend across 
the ends of the resistor sections. This gas blast and the 
magnetic ?eld of the arc current exert a force on the 
are causing the arc roots to rotate on the helical re 
sistor sections so that the arc moves toward the other 
end of the helical resistor windings, thereby to insert 
increasing resistance in parallel with the contacts, and 
arc, in a non-step fashion. 

6 Claims, 6 Drawing Figures 
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RESISTOR AND MEANS FOR GRADUALLY 
INSERTING RESISTOR IN PARALLEL WITH 

INTERRUPTER CONTACTS 

SUMMARY OF THE INVENTION 

This invention relates to circuit interrupters and 
more speci?cally relates to a novel opening resistor for 
a circuit breaker and a novel arrangement for inserting 
the resistor in parallel with the contacts when the con 
tacts are moved to an open position. 

‘The use of resistors for interrupting devices is well 
known, and the bene?ts derived from their use is well 
understood. Generally, such resistors are connected in 
parallel with the main interrupter contacts, through a 
separate resistor switch device. When the main con 
tacts are opened, the resistor switch becomes conduc 
tive, thereby to place the resistor in parallel with the 
arc. The are current is then interrupted. A current 
limited by the resistor continues to ?ow and is ultimate 
ly interrupted by the resistor switch. 
A major problem in such devices is to insert the re 

sistance device into the power circuit when the main 
contacts open. This is commonly accomplished by 
developing a considerable arc' voltage between the 
separating main contacts to cause current to commu 

tate into the resistance circuit, where the resistor may 
be switched from small discrete values to larger dis 
crete values. Thus, the resistor is commonly changed in 
value instantaneously, thereby to apply undesired volt 
age surges in the system, and considerable time is 
needed to effect full resistor insertion. 

' In accordance with the present invention, a novel re 
sistor is provided for an interrupter wherein the resistor 
consists of two elongated, coextensive members 
directly connected to respective contacts of the main 
interrupter contacts. The interrupter is further pro 
vided with gas blast means, which may be of a conven 
tional type, and which causes initial transfer of an ini 
tial arc from the separating contacts to the adjacent 
ends of the elongated resistor elements. 
The total resistance is then gradually inserted, in a 

non-step fashion, by causing the arc to travel along the 
two, coextensive resistor members and toward its op 
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posite end, under magnetic forces caused by the arc . 
current and the continued gas blast force. The mag 
netic forces include the motor effect and magnetic loop 
effect caused by the con?guration of the resistor ele 
ments and are current path. 

Thus, in accordance with the invention, the resistor 
is inserted in parallel with the contacts, and is then 

. gradually increased from zero resistance to its max 

imum in a short time. Accordingly, there are no ex~ 

tremes of voltage generated to effect resistor insertion, 
and the system is not stressed by abnormal arc voltages. 
Note that the gas blast also serves to cool the resistor 
elements as they are inserted into the system. 

It should be ,noted that the principles employed 
herein make the device applicable to a-c or d'c opera 
tion over a wide range of voltage and current condi 
tions. Moreover, the device can be used in connection 
with any desired type of main contact interrupter 
system which is operated either synchronously or ran-v 
domly with respect to the through current. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross-sectional view of an inter 
rupter incorporating the present invention with the in 
terrupter contacts closed. 

FIG. 2 is a view similar to that of FIG. 1 with the con 
tacts open. 

FIG. 3 is a top plan view of FIGS. 1 and 2. 
FIGS. 4 to 6 are schematic diagrams of the inter 

rupter of FIGS. 1, 2 and 3, and schematically illustrate 
the operation of the interrupter. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring first to FIGS. 1 to 3, there is shown an in 
terrupter which comprises a pair of stationary main 
contact rings 10 and 11 which are, in turn, connected 
to suitable terminals 12 and 13, which are connected in 
series with a power circuit to be protected. Main con~ 
tact rings 10 and 11 hold suitable ring-shaped sliding 
contacts 14 and 15 respectively, which may be of any 
desired type, and which slidably engage main movable 
contact cylinder 16. Thus, in the position of FIG. 1, 
which shows the interrupter closed, the movable con 
tact cylinder 16 bridges contacts 14 and 15 and thus 
connects terminals 12 and 13 together. 
Movable contact cylinder 16 is axially movable, 

under the guiding in?uence of rings 14 and 15 to the 
upper and closed position of FIG. 1 to the lower, and 
open position of FIG. 2. Suitable stop means (not 
shown) may be added to control the open position of 
contact 16. Any suitable operating means may be used 
.to move contact 16. For purposes of illustration, FIGS. ‘ 
l and 2 show a pneumatic operating mechanism 
whereby cylinder 16 is ?tted over a piston 17, carried 
on a stationary mounting rod 18. Rod l8lhas a central 
channel 19 which leads to a radial slot 20 disposed just 
above the bottom wall 21 of contact cylinder 16 when 
the contact 16 is closed as in FIG. 1. With the above 
structure, it is clear that contact 16 can be moved 
between its engaged and disengaged positions by ap 
propriately controlling the pressure in channel 19. 
Note that the pressure on top of piston 17 may be at 
mospheric pressure, or a relatively low pressure of the 
order of about 40 psia, in the case of a two-pressure 
breaker of the type shown in copending application, 
Ser. No. 823,115 (C—l354[ER]), ?led May 8, 1969, in 
the name of Otto Jensen, entitled Gas Blast Circuit In 
terrupter Using Main Movable Contact As Blast Valve, 
and assigned to the assignee of the present invention. 
The interior of cylinder 16 then receives an interior 

ring 30 which carries a sliding contact ring 31 which 
slidably engages a transfer contact rod 32 of conduci 
tive material. Rod 32 is fixed to rodl8 and thus is 
mounted stationary relative to contact 16. 
An insulation support tube 34, which may be of 

ceramic, is then suitably mounted above rod .32 as 
shown in FIGS. 1 and 2. A-winding 35 of resistive 
material, for example, nichrome wire, is helically 
wound on rod 34, with the lower end of wire 35 being 
electrically connected to transfer rod 32. Note that any 
desired material may be used for the resistor wire and 
may be of material having non-linear temperature 
characteristics, such as pure iron or tungsten, or the 
like and may have any desired cross-section, such as a 
circular cross—section, or flat ribbon section, or the like. 
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The upper end of the resistor wire 35 is connected to 
ring-shaped spark gap electrode 36. 

Ring-shaped electrode 36 is spaced from and parallel 
to cooperating ring-shaped spark gap electrode 37. 
RIng-shaped electrodes 36 and 37 may be of any suita 
ble conductive material. Note that electrode 36 has 
openings, such as openings 38, 39, 40 and 41 
therethrough (FIG. 3) which will later be seen to per 
mit easy ?ow of gas through electrode 36. 

Ring-shaped electrode 37 is ?tted over the top of in 
sulation tube 40, which is of any suitable insulation, 
such as polytetra?uoroethylene or ceramic, and is atop 
insulation tube 41 which concentrically surrounds tube 
40. Tube 41 may be a glass-epoxy reinforced tube or 
can be any other desired type. I 

The interior of tube 40 supports therein a helical 
winding 42 of resistance wire which may be of the same 
type as vresistance wire 35. The top of wire 42 is con 
nected‘to ring-shaped electrode 37, and its bottom is 
connected to contact ring 10 and terminal 12. It should 
be noted that resistors 35 and 42 are wound in the same 
direction, and that they are spaced by an annular 
volume which extends from transfer rod 32 to elec 
trode 36. 

FIGS. 1 and 2 further show an arcing contact 50 
being provided for movable contact 16 and extending 
from ring 30. Arcing contact 50 makes connection 
between enlarged section 51 of transfer rod 32 and 
contact 10 to encourage the formation of an initial arc 
between these points when the interrupter contacts 
being to open. 
The interrupter of FIGS. 1 and 2 is further provided 

with a source of gas 60 (FIG. 1) under high pressure, 
where the gas may be sulfur hexafluoride. The high 
pressure gas is connected to chamber 61 (FIG. 1) sur 
rounding the exterior of contact 16 and is normally 
prevented from ?owing by blast valve seal 62 carried 
on contact disk 10 and engaged by the end of contact 
16 when contact 16 is closed. When contact 16 is 
opened, as shown in FIG. 2, gas flows, as shown by the 
arrows, under pressure, through the are drawn by open 
ing contact 16,v through the annular region between 
windings 35 and 42, and through the space between 
ring-shaped electrodes 36 and 37, and through 
openings 39 to 42. A suitable cutoff valve (not shown) 
may cut off the flow of gas after arc interruption is 
completed. Note that the entire interrupter may be 
contained in the two-pressure system of above-noted 
copending application, Ser. No. 823,115 (C-l354 
[ER]) with high pressure source 60 being disposed in 
the high-pressure region and with the annular region 
above seal 62 being disposed in the low-pressure re 
gion. 
The operation of the interrupter of the invention is 

described hereinafter with reference to FIGS. 4 to 6 as 
well as FIGS. 1, 2 and 3. FIGS. 4 to 6 mechanically 
show the arrangement of FIGS. 1 to 3 and similar nu 
merals identify similar components. 

In the closed position of FIGS. 1 and 4, there is a 
direct current carrying path from terminal 12, contact 
14, movable contact 16, contact 15 and terminal 13. 
Resistor windings 35 and 42 are shorted by the closed 
contacts and gas ?ow is prevented by the movable con 
tact seating against seal 62. In order to open the inter~ 
rupter, movable contact 16 is moved downward (by ap 
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4 
plication of pressure to channel 19 in FIG. 1). An initial 
arc is then struck from contact 10 to arcing contact 50, 
shown} in FIG. 5 as arc A. The cross-blast action of the 
blast gas moves this are into the resistor section, as 
shown in FIGS. 2 and 6, by arc B which terminates on 
the bottom of inner and outer resistor elements 35 and 
42, respectively. 
The gas blast action then moves the arc upward 

between resistors 35 and 42, with the upward move 
ment further forced by the tendency of the arc to bow 
outwardly. At the same time, a magnetic ?eld is set up 
in the annular arc zone in such a direction as to rotate 

the are about the axis of support 34, thereby causing 
the arc roots to move helically upward on the resistors 
35 and 42 (shown schematically as moving through 
positions C, D and E in FIG. 6). This then causes a 
stepless increase of resistance (and inductive 
reactance) in series with the arc current. 
The are will rapidly reach the top of resistors 35 and 

42 and ultimately will terminate between ring elec~ 
trodes 36 and 37, shown as position Fin FIGS. 2 and 6. 
The are current of the arc between electrodes 36 and 
37 will have a relatively low current value, and is nearly 
in phase with the source voltage. Thus, this are can be 
easily interrupted by minor gas flow through the space 
between the electrodes. ~ 

During the time that the arc moves up the resistance 
coils 35 and 42, there is gas flow which serves to cool 
resistors 35 and 42. This gas continues to flow until 
complete interruption and provides thenecessary insu 
lation across the open contacts and between the re 
sistor sections. 

Although this invention has been described with 
respect to its preferred embodiments, it should be un 
derstood that many variations and modi?cations will 
now be obvious to those skilled in the art and, there 
fore, it is preferred that the invention be limited not by 
the speci?c disclosure herein but only by the appended 
claims. ' 

The embodiments of the invention in which an'exclu 
sive privilege or property is claimed are de?ned as fol 
lows: ' 

1. An opening resistor structure for a circuit inter 
rupter; said circuit interrupter including: ?rst and 
second separable contact means, ?rst and second ter 
minals connected to said ?rst and second separable 
contact means, respectively, operating means‘ for 
operating said ?rst and second contact means between 
an engaged and a disengaged position; said opening re 
sistor structure including ?rst and second elongated re 
sistor members extending substantially co-extensively 
with one another; said ?rst and second elongated re 
sistor members having generally adjacent ?rst ends 
connected to said ?rst and second separable contact 
means, respectively; and means for transferring an are 
drawn between said ?rst and second separable contact 
means to said ?rst ends of said ?rst and second elon 
gated resistor members, and for forcing said arc to 
thereafter move along the length of said ?rst and 
second elongated resistor members, thereby gradually 
to increase the resistance in series with said ?rst and 
second terminals; said ?rst and second elongated re 
sistor members comprising concentric helical windings 
separated from one another by an annular space. 
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2. The opening resistor structure of claim 1 which in 

cludes blast valve means connectedto said ?rst and 
second separable contact means for directing a gas 
blast between said ?rst and second separable contact 
means during the opening thereof; said means for trans 
ferring an are including the gas blast released by said 
blast valve means during the operation thereof to direct 
said gas blast. 

3. The opening resistor structure of claim 1 which 
further includes ?rst and second spaced electrodes; 
said first and second elongated resistor members hav 
ing second ends connected to said ?rst and second 
spaced electrodes, respectively. 
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4. The opening resistor structure of claim 2 which 

further includes means for directing said gas blast axi 
ally through said annular space. > - 

5. The opening resistor structure of claim 4 which 
further includes ?rst and second spaced electrodes; 
said ?rst and second elongated resistor members hav 
ing second ends connected to said ?rst and second 
spaced electrodes, respectively. 

6. The opening resistor structure of claim 5 which 
further includes means for directing said gas blast 
between said ?rst and second spaced electrodes. 

II! * IF * * 


