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This invention relates to circuit breakers and 
more particularly to circuit breakers of the high 
voltage type employing a multi-break contact 
construction. - 

Heretofore the practice in the circuit breaker 
art has been almost universal in the adoption of 
a double break construction in which the two 
breaks were introduced in series. It is believed 
that the extreme simplicity of this form of con 
struction was largely responsible for its popular 
ity in spite of the fact that each break must be 
able to interrupt substantially full voltage. Tests 
On double break circuit breakers have shown that 
the voltage appearing across one break may be 
as high as 85% of the total voltage. 

In view of the increasing demand for higher 
transmission voltages and for high speed inter 
rupting operations, the simple double break cir 
cuit interrupter no longer is able to meet these 
requirements. Generally it may be said that for 
a given method of arc extinguishment the amount 
of electrode separation necessary for effective in 
terruption varies nearly directly with the voltage. 
It is therefore conceivable that a simple double 
break interrupter may be constructed which has 
the ability of interrupting extremely high volt 
ages. However, such a structure would not meet 
modern requirements, since the time interval 
required to separate the movable contacts the 
requisite distance would be prohibitive. Thus, in 
Order to obtain a large electrode separation with 
in a very short interval of time, the simple double 
break construction was abandoned for one pro 
viding a larger number of serially related breaks. 
It is apparent that by simultaneously initiating a 
plurality of breaks the total time of electrode 
separation is reduced to that required for moving 
One of a plurality of pairs of separable electrodes 
a relatively short distance. Theoretically, the 
amount of the electrode separation necessary for 
interruption when a plurality of breaks are em 
ployed is inversely proportional to the number 
of breaks. It is thus seen that a plurality in ex 
cess of two breaks per pole greatly shortens the 
time interval required for obtaining the requisite 
separation for arc extinguishment. 
The progress, however, in high voltage high 

speed multi-break circuit breaker construction 
has been greatly handicapped due to the diff 
culties encountered in obtaining a workable dis 
tribution of voltage across the several contacts. 

It is known that the unequal distribution of . 
voltage across the arc interrupting structure of 
a multi-break circuit interrupter is caused by the 
capacitance to ground of the arc drawing Con 

tacts and their connected metal parts. Particu 
larly in oil or other liquid arc quenching circuit 
breakers wherein the contacts are surrounded by 
a tank, at least a substantial portion of which is 
of metal at ground potential, the disturbing ca 
pacity appears even in a more marked degree be 
tween the contacts and the metal portion of the 
breaker tank. This disturbing capacity is 
troublesome during the opening operation of a 
multi-break circuit interrupter in that it causes 
the voltage to be distributed so unevenly across 
the several breaks that one or a relatively small 
number of the breaks are required to do substan 
tially the entire work of arc interruption. 
The capacity to ground of the arc drawing 

contact members also manifests itself after the 
circuit has been opened by causing an unequal 
distribution of voltage across the several arc ex 
tinguishing devices, thereby Seriously affecting 
the insulation of the interrupting structure when 
the breaker is in the open circuit position. The 
capacity to ground of the arc drawing contact 
members also has a disturbing influence upon the 
voltage distribution across the contact members 
during the closing operation of the breaker. The 
disturbing capacity may cause substantially full 
voltage to appear across a single break from 
which insulation failure of the particular arc ex 
tinguishing device associated with that break may 
result. Flashover across the insulation is also 
likely to occur under these abnormally high volt 
age conditions across a single break, or a break 
down of the gap between the cooperating contact 
members may occur, thereby making it difficult 
to bring these contact members into engagement 
with each other. 
We propose to reduce the effect of this capacity 

to such an extent that any desired distribution 
of voltage may be obtained across the several 
breaks of the circuit breaker. 

It is, therefore, an object of my invention to 
provide a multiple break circuit interrupter in 
which the division of voltage across the inter 
rupting structure is under control during the 
opening and closing operations of the breaker 
and also while the breaker is either in the Open 
or closed position. Y 
Another object of my invention is to provide 

means for reducing the disturbing capacity effect 
between the arc drawing contacts of a multiple 
break circuit interrupter and ground, to a mini 
mum, in order to control the voltage distribution 
across the several contacts of the breaker. 
A further and more specific object of my in 

vention is to provide shielding means in the form 
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Of capacitors connected across the breaks of a 
multi-break circuit interrupter whereby improved 
voltage distribution across the several breaks of 
the interrupter is obtained. 
A still further object of my invention is to emi 

body shielding means adjacent the breaks of a 
multi-break circuit interrupter, which shielding 
means function to control the voltage distribution 
across the several breaks and also provides means 
for supporting the multi-break interrupting 
structure. 
Other objects and advantages relate to details 

of the breaker structure and the relation of the 
various parts thereof, and will appear more fully 
in the following description when taken in con 
nection with the accompanying drawings, in 
Which: 

Figure 1 is a side elevation view of the breaker 
of my invention showing a substantial portion 
of the breaker tank in section in order to reveal 
the interrupting structure, 

Fig. 2 is a cross sectional view of one of the 
multiple arc interrupting units taken along line 
II-II of Fig. 4, 

Fig. 3 is a cross sectional view of one of the 
multiple arc interrupting units taken along the 
line III-III of Fig. 4, 

Fig. 4 is a longitudinal sectional view of one of 
the multiple arc interrupting units of the breaker 
of my invention, 

Fig. 5 is a side elevation view showing one of 
the shield members used in conjunction with the 
multiple arc interrupting units of the breaker, 

Fig. 6 is a cross sectional view of the shield 
member shown in Fig. 5, 

Fig. 7 is a side elevation view of a multiple 
breaker-interrupting unit of modified form and 
in which a shielding means of different form is 
shown partially in cross section, and 

Fig. 8 is a circuit diagram showing the capacity 
relationship between the various parts of the arc 
interrupting structure. 
The general aspect of the method by which we 

accomplish the foregoing objects will be more 
fully understood from a consideration of the cir 
cit diagram shown in Fig. 8. In this figure, 
the reference characters B1 to B6, inclusive, des 
ignate the breaks of a multi-break circuit inter 
rupter. The connection designated at is 
adapted to represent one of the line terminals of 
the breaker, whereas the connection 2 represents 

It is a known fact that 
the unbalance of voltage across the several 
breaks of a circuit breaker is caused by the 
capacity to ground of the contacts and their con 
nected metal parts intermediate the contact 
members directly connected to the line terminals. 
The capacity to ground of the contact members 
Connected directly to the breaker terminals des 
ignated in Fig. 8 as C1 and C7, does not have a 
disturbing influence upon the voltage distribu 
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tion, since the potential of each of these con 
tacts is determined by the potential of the re 
Spective terminals to which it is connected. 
These disturbing capacities are represented in 
Fig. 8 as condensers ca to ca, inclusive. The cir 
cuit interrupter tank which is maintained at 
ground potential is designated as a conductor 3. 
The ideal condition or that condition for which 
the voltage would be equal across each of the 
breaks B requires zero capacitance to ground of 
the floating contact members forming the breaks 
and equal capacitances between the separate 
breaks. It is not practical to attempt to reduce 
the capacity to ground of the floating contact 

2,160,680 
members between the end breaks B and Bs 
to zero, but it is possible to overcome the disturb 
ing effects of this capacity by adding a capaci 
tance across each break B1 to B6, so that the total 
capacity acroSS each break will be large as Com 
pared to the capacities C2 to C6. The total capac 
itance across the respective breaks, that is the 
capacitance between a pair of cooperating con 
tact members and the added capacitances are 
designated as C1 to C6, respectively. 

It is a known fact that in actual operation 
either terminal of the breaker or 2 may be 
grounded and that the breaks toward the 
grounded side have a tendency to take less than 
their share of the voltage. It would be impossible 
to provide means for obtaining an absolute equal 
distribution of voltage over all breaks for all con 
ditions of operation. However, by making the 
values of the capacitances C1 to C6 large with 
respect to the capacitances C2 to cs, the best aver 
age working condition is obtained. The particul 
lar structure whereby these results are obtained 
is more particularly shown in Figs. 1 to 6, inclu 
SWe. 

Referring now to Fig. 1, the reference charac 
ter 5 designates the circuit breaker tank having 
insulating terminal bushings 7 and 9 through 
which line terminals f O are conducted interiorly 
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of the tank. The lower portion of each line ter.- . 
minal O is provided with a multiple break arc 
extinguishing assemblage generally indicated at 

Each of the arc extinguishing assemblages 
Comprises a plurality of pairs of separable con 
tacts which are adapted to be simultaneously ac 
tuated to open and closed positions by an operat 
ing mechanism including a lift rod 3 and a 
horizontal bridging bar 5. The horizontal 
bridging bar 5 is adapted to make releasable 
engagement with the actuating rods through 
Which each of the arc extinguishing assemblages 
f f are actuated. 
Each of the arc extinguishing assemblages ff 

comprises a plurality of arc extinguishing units 
2. The arc extinguishing assemblages are 
more particularly of a type shown and described 
in an application of John B. MacNeill, Serial No. 
42,183, filed September 26, 1935, and assigned to 
the assignee of this application. 
As described in the aforenamed application, 

the arc interrupting assemblages if constitute a 
pair of insulating plate members 23 between 
which the. arc extinguishing units 2 are mount 
ed in spaced relation with respect to each other, 
To the upper portion of the support plate mem 
bers 23 is Secured a foot member 25 (Fig. 4) 
adapted to be threaded to the lower portion of the 
contact terminal to extending through the ter 
minal bushings 7. The foot member 25 pro 
vides a support and also makes electrical con 
nection between the incoming terminal men 
ber. O of the circuit breaker and the arc inter 
rupting assemblage. 

Each of the arc interrupting units 2 includes 
a pair of separable contacts designated at 2 and 
28, respectively. 
shown in Fig. 2, has an X-shaped conflguration 
and is adapted to be pivotally mounted upon a 
cross rod 29 extending between the support.plates 
23. 
The contact member 27 is connected by means 

of a flexible shunt 3 to the contact foot 25. 
The contact proper between the contact mem 
bers 27 and 28 is maintained by means of contact 
tips 33 and 35, respectively, secured to the co 
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2,160,880 
acting ends of these members. Contact member 
28 is pivoted at one end upon a cross rod ex 
tending between the support plates 23. It will be 
noted that, as shown in Fig. 4, four interrupting 
units 2 are illustrated. The four moving con 
tact members 28 are adapted to be moved simul 
taneously either into or out of engagement with 
the respective fixed contact members 2 by 
means of a common actuating rod 39 preferably 
of insulating material. 
The rod 39 makes pivotal engagement with 

each of the contact arms 28 intermediate the ends 
of the contact arm by means of cross pins 4. 
The uppermost contact arm 28 is electrically 
connected by means of a flexible shunt 43 to the 
next adjacent relatively fixed contact member 2. 
In like manner, the succeeding movable contact 
members 28 are connected to the next adjacent 
fixed contact members. It is thus seen that the 
four pairs of contacts shown are electrically con 
nected in series. 
The relatively fixed contact members 27 are 

biased toward the closed position by a pair of 
springs 45. During the closing operation of the 
respective pairs of contacts, the actuating rod 
39 is moved upwardly, which movement simul 
taneously causes each contact tip 35 to engage 
its cooperating contact tip 33 which is movable 
upwardly against the bias of springs 45 to there 
by insure an equalized spring pressure contact 
on all interrupting units. The contact members 
28 are normally biased toward the open position 

35 

45 

50 

55 

60 

65 

70 

5 

indicated at 53. 

by means of a pair of springs 47 coupled between 
the support members 23 and the pivotal pins 4. 
The lowermost portion of the operating rod 

39 as also shown and described in the aforesaid 
application of John B. MacNeill, Serial No. 
42,183, filed September 26, 1935, is provided with 
a releasable contact 49 which, in turn, is con 
nected electrically through a flexible shunt 5 to 
the lowermost contact arm 28. The releasable 
contact 49 is adapted to engage the bridging con 
tact member 5 to complete the electrical cir 
cuit between the two arc interrupting assem 
blages when the breaker is in the closed cir 
cuit position and also during the initial opening 
movement of the contact arms 28. During the 
opening movement of the breaker the releasable 
contact 49 on the operating rod 39 moves only 
a relatively short distance as compared with the 
movement of the lift rod 3 and the bridging 
bar 5. When the contact 49 has moved to the 
limit of its travel, the bridging-bar 5 disengages 
and continues its movement to the full open 
position, as shown by the dotted lines in Fig. 1. 
The provision of two additional breaks of con 
siderable length in a body of insulating liquid 
which has not been subjected to an arc insures 
against insulation failure when the breaker is in 
the open circuit position. 

Each of the arc interrupting units 2 also 
comprises an arc extinguishing device generally 

Each arc extinguishing device 
53 is associated with a pair of the contact mem 
bers 27 and 28 and comprise a stack of plates 
54 of insulating material maintained in clamping 
engagement by four bolts 55 also of insulating 
material, as more clearly shown in Fig. 3 and 
in the partial cross sectional view of the upper 
unit 53 of Fig. 4. 
Each of the plates 54 comprising an arc ex 

tinguishing device 53 are slotted so as to pro 
vide an aligned opening or passage 56 there 
through having a length. Several times its Inaxi 
mum width, and in which passage the contact 

3 
tips 33 and 35 of the contact members 2 and 28 
are adapted to extend. 

Alternate plates forming the arc extinguishing 
device 53 are provided with arcuate indentures 
57 adjacent the passage 55 so as to form pockets 
along the walls of the passage for retaining a 
quantity of arc extinguishing liquid in which the 
entire arc interrupting assemblages f are in 
mersed. At least three of the slotted plates of 
insulating material forming the stack 53 are pro 
vided with a U-shaped cutout portion for the 
reception of a similarly shaped iron plate 59. 
The iron plates 59 are uniformly spaced along 

the passage 56 and so alter the magnetic field 
produced by the arc drawn in the passage 56 
upon the separation of the contacts 33 and 35 
that the arc is moved from the contact tips 33 
and 35 laterally toward the closed end of the 
passage 56. 
As the arc is thus moved, the arc extinguishing 

liquid within the passage 56 and also that partly 
entrapped in the pockets formed by the recesses 
5T will be partially volatilized. The gases thus 
produced will create sufficient pressure within 
the passage to start a flow of un-ionized oil par 
ticles to be directed against the arc stream, there 
by causing its extinguishment. 

In order that the voltage shall be distributed 
in accordance with a predetermined gradient 
across the several pairs of contacts 27 and 28, 
we provide particular shielding means in the 
form of conducting plates such as metal foil in 
bedded in each of the insulating support men 
bers 23. The construction of the shielding means 
as applied to one of the support members is more 
particularly shown in Figs. 5 and 6. 

Referring to the cross section of Fig. 6, which 
has been somewhat exaggerated in Order to more 
clearly show the arrangement of the shielding 
plates, the shield lineans comprises five conduct 
ing plates 65 to 69, inclusive. The plates 65 to 
69 are spaced from each other and displaced 
endwise in stepped overlapping arrangement as 
shown. The plates 65 to 69 are also arranged in 
the order named with the plate 65 on the out 
side or adjacent the inner wall of the breaker 
tank. 

It will be noted that each of the plates 23 are 
symmetrical in construction and are provided 
with suitable conductors making connection be 
tween the shielding plates 65 to 69 and their re 
spective contact members. More specifically, the 
conducting plate 65 is connected ly a connec 
tion TO to the contact foot 25. The plate 66 
makes contact with the uppermost contact arm 
28 by means of connection 7. In like manner, 
the remaining conducting plates 6 to 69 make 
electrical connection through the respective con 
necting leads 72 to 74 to their respective con 
tact arms 28. 
From the foregoing, it will be apparent that 

the leads 70 and are connected across the 
upper pair of contacts 33 and 35, thereby con 
necting the capacity between the plates 65 and 
66 in parallel with these contacts. Similarly, the 
capacity between succeeding pairs of plates as 
66-67, 67-68 and 68-69 are by means of con 
ductors T-72, 72-73 and 73-74, respectively, 
connected across a correspontling pair of sepa 
rable contacts, 
By positioning the shield plates 65 outermost 

with respect to the other plates or adjacent the 
inner wall of the breaker tank and connecting it 
to the terminal 0 by means of the conductor 
70, the capacitance to the tank of the breaker of 
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4. 
the inner shields 66 to 69 is greatly reduced. 
A similar effect is also produced by a Shield men 
ber 2 surrounding each arc assemblage in 
part and making electrical contact with the 
breaker terminal O. 
AS previously pointed out in connection with 

the Schematic diagram of Fig. 8, the capacity 
between each pair of contact members 27 and 28 
including the added capacity of their respective 
Shielding plates, is made large with respect to 
the capacity of the cooperating contact mem 
bers 27 and 28 to ground. 
exists, the capacity thus connected across the 
individual pairs of cooperating contacts will de 
termine the voltage distribution across these con 
tacts rather than the capacity between the con 
tacts and ground. The addition of the shield 
plates 65 to 69 may introduce additional capaci 
tance to ground, but this increase is relatively 
leSS than the increase of the capacitance acroSS 
the gaps. 
From the foregoing description, it will be ap 

parent that this method of voltage distribution 
control may be employed in obtaining a predeter 
mined voltage distribution across the several 
Serially related breaks in a multi-break circuit 
interrupter. In Some instances, it may be de 
sirable to produce a substantially unifolin dis 
tribution of voltage So as to make each break 
interrupt an equal portion of the voltage. It 
may also be desirable to produce a predetermined 
unbalance of voltages across the several breaks 
So as to make certain of the arc interrupting 
units interrupt a greater portion of the total 
voltage than other of the units in the Series of 
breaks. This may be accomplished by propor 
tioning the individual capacitances between the 
shielding plates 65 and 69 in each of the arc ex 
tinguishing assemblages so as to produce the 
voltage gradient desired across these Serially re 
lated breaks. It will be apparent that the change 
in capacity may be obtained by varying the Spac 
ing between the respective \plates 65 to 69 or by 
varying the amount of overlap of one plate With 
respect to adjacent plates. 
The capacitance shielding structure above de 

scribed also controls the distribution of potential 
between each arc-extinguishing assembly and 
the bridging bar 5 as well as controlling the 
distribution of potential across the individual 
assemblages . The addition of capacitance in 
parallel with the respective pairs of contacts 33 
and 35 provides a relatively low impedance path 
between each line terminal 0 and its respective 
releasable contact 49, as compared with the im 
pedance between each contact 49 and the bridg 
ing bar 5 when the latter is in the full open 
position. This difference in impedance will cause 
substantially the potential stress impressed acroSS 
the line terminals of the interrupter to appear 
across the gaps between the contact 49 and the 
bridging bar 5. Thus, the arc-extinguishing 
assemblies which are most subject to insulation 
failure are relieved of high potential stresses 
since these stresses are made to appear a CrOSS tWO 
relatively long gaps between the releasable Con 
tacts 49 and the bridging bar 5, which gaps are 
filled with insulating liquid capable of Withstand 
ing high voltage. 
The shielding plates 65 to 69 also function to 

effect voltage control during the final period of 
The arc-ex 

tinguishing units 53 associated with each pair of 
separable contacts 33 and 35 produce a strong 
deionizing action upon the respective Serially re 

If Such condition 
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2,160,680 
lated arcs drawn between these contacts. The 
arc-extinguishing units 53 are capable, under 
certain conditions, to force a current Zero when 
appreciable current, Say 5 to 10 amperes, is still 
flowing. The forcing of current Zero in One unit 
while appreciable current is flowing represents a 
rapid transition of the arc path. Within that unit 
from a conducting state to one having infinite re 
sistance. . 
When the current has thus been forced to zero 

in one unit the arc paths in the other unitS re 

5 

10 

main conducting for a relatively long time before 
becoming non-conductive. During this period of 
conductivity, the applied voltage across the Con 
ducting arc paths collapses and appears a CrOSS 
the arc path of the unit in which the current was 
forced to zero. Thus, the interrupter that ex 
tinguishes its arc first in point of time must 
withstand quickly a high voltage which is in the 
same direction as the arc voltage. 
increase in voltage may be of sufficient magnitude 
to cause the arc to restrike and be carried over 
to a subsequent current Zero more favorable to 
arc extinction. By the addition of capacitance 
across the respective pairs of contacts 33 and 
35 as afforded by the shield plates 65 to 69, the 
rate of voltage decrease or collapse across the 
conducting arc paths is reduced and consequent 
ly, the rise in voltage across the unit in which 
the current was forced to Zero will also be de 
creased. The net result is a Synchronization of 
the deionizing action of the arc paths within the 
respective interrupting units 53, so as to make 
more uniform the distribution of VOltage acroSS 
the respective pairs of contacts and thereby in- ; 
sure interruption of the circuit at the first cul 
reint Zero. 
Although the disclosure has been directed to 

a specific shielding structure embodied in the 
form of condenser plates disposed within the in 
sulating support plates 23, it will be apparent that 
the same results may be obtained by embodying 
the shield in the form of a cylinder which may 
comprise alternate layers of insulation and metal 

In a structure of this kind, it is contem 
plated that electrical taps may be brought Out 
from the separate layers of conducting material 
and connected across the cooperating Contact 
members 27 and 28 in a manner similar to the 
connections provided by the taps 70 to 74 shown 
in Figs. 5 and 6. 

In Fig. 7, we have shown a modified form of 
shielding means which is particularly adapted 
for a different form of arc interrupting assen 
blage. As shown in this figure, the three arc 
interrupting units generally indicated at 98 are 
circular in form and are composed of a plull'ality 
of insulating plates 9 having a tubular al'c 
passage 93 contained therein. 

xtending within the arc passage 93 of each 
unit 90 is a fixed contact 95 adapted to COOper 
ate with the moving contact 91, the latter ex 
tending through a suitable aperture in the lower 
end plate 98 of the arc extinguishing unit. The 
lower end plate 98 is preferably constructed of 
magnetic material and is provided with an annu 
lar recess for the reception of a lower field coil 
Gef. The upper end plate 99 of the unit 90 is also 
of magnetic material and is provided with an 
annular recess similar to that Within the lower 
plate 98 in which is positioned an upper field coil 
fog, one end of which is adapted to be connected 
to the upper plate 99 and the other end to an arc 
horn 102 lying in the upper end of the tubular arc 
passage 93. The lower coi () has one end con 
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nected to a similar arc horn to lying in the low 
er end of the arc passage 93 and has its other end 
connected to the lower metallic end plate 98. It 
will thus be seen that when the contacts 95 and 
97 separate and the arc is transferred to the arc 
horns 02 and 103, the arc current will flow in 
series with the upper and lower coils Oil, there 
by producing a radial magnetic field across the 
tubular arc passage 93 so as to rotate the arc lat 
erally between the arc horns within the arc pas 
sage until it is extinguished. 
The circular form of arc interrupting units 90 

readily lend themselves to a compact arrange 
ment providing for an actuating rod 05 extend 
ing co-axially through the centers of the respec 
tive units. The actuating rod 05 is constructed 
of insulating material and is coupled by suitable 
linkage mechanisms, generally indicated at Ol, 
to the respective movable contact members 97 by 
which mechanisms the respective movable con 
tacts are simultaneously actuated. 
The separate units 90 are adapted to be retained 

in superimposed spaced relation with respect to 
each other by means of tie rods ff0 extending 
the length of the entire arc interrupting assen 
blage. Suitable spacing members 2 are pro 
vided to maintain the proper spacing between 
the units 90. To the upper end of the tie rods 

O is secured a contact foot 4 which, in turn, 
is adapted to be connected to the lower portion of 
the breaker terminal 5. 
The contact foot 4 is provided with an out 

wardly extending flange 6 to which may be se 
cured a fared metallic shield . This shield 
extends downwardly and flares outwardly and 
may overlap a considerable portion of the inter 
mediate unit 90. A second shield member 19 
also of circular cross-section and having a gen 
eral frusto-conical shape, is secured at its upper 
end to the lower metallic end plate 98 of the 
unit 90 and also to the upper metallic end plate 
99 of the middle unit 90, and may partially over 
lap the lowermost arc interrupting device 90. 
A third shield member similar in shape to the 

member 9, is designated at 2. This member 
makes electrical contact at its upper ends to the 
lower plate 9 of the intermediate unit 90 and 
the upper plate 99 of the lowermost unit 90. The 
lowermost-portions of the shields 9 and 2 are 
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provided with enlarged annular portions 23 and 
25, respectively, in order to avoid any abrupt 
edges so as to produce a substantially continu 
Ously rounded shield structure. . 
The continuity of the exterior envelope is pre 

served at the upper portion of the unit by means 
of an end bell 2 having mechanical and electri 
cal contact with the flange 6 of the contact foot 

4. Continuity of the external shielding struc 
ture is maintained at the lower end of the arc 
interrupting assemblage by means of a lower 
bell-shaped shield 28 mounted as shown to the 
lower ends of the tie bolts 0. 

It will be apparent from the foregoing descrip 
tion that the capacitance between the shield 
members ff and 9 is directly connected across 
the cooperating contact members 95 and 97 of 
the uppermost arc extinguishing unit 90. Like 
wise, the capacitance between the shield mem 
bers 9 and 2 is connected across the coperat 
ing pair of contacts in the intermediate unit 90 
and the capacitance between the shield 2 and 
the end bell 28 is connected across the cooper 
'ating pair of contacts in the lowermost unit 90. 
By varying the shape of the respective shield 
members and the spacing thereof with respect to 
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each other and the cooperating contact members 
95 and 97, it will be apparent that the respective 
capacitances imposed across these several pairs 
of contacts may be varied in accordance with 
predetermined values so as to obtain a desired 
distribution of voltage across the several pairs of 
contacts. 
From the foregoing description, it will now be 

apparent that by the application of capacitance 
shielding means to a multiple break circuit in 
terrupter, we have been able to control the volt 
age distribution in accordance with a predeter 
mined voltage gradient across the Several breaks 
of the circuit interrupter. It has been shown that 
the desired results may be obtained by reducing 
the disturbing capacity effects between the float 
ing contact members and ground. By providing 
capacitance across each of the breaks of the cir 
cuit interrupter which is large as compared with 
the capacitance from the floating contact men 
bers forming the breaks to ground, we have also 
shown that a desirable distribution of voltage can 
be obtained by the proper arrangement of con 
ducting plates within the Supporting structure 
for the arc extinguishing units. 
Although we have shown specific contact ar 

rangements within certain arc extinguishing as 
semblages and particular capacitive shielding ar 
rangements therefor, it is to be understood that 
the same is for illustrative purposes and changes 
and modifications may be made by those skilled 
in the art without departing from the spirit and 
Scope of the appended claims. 
We claim as our invention: 
1. In a circuit breaker, a plurality of pairs of 

separable serially connected contacts, a common 
actuating member for simultaneously opening 
said pairs of contacts to produce a plurality of 
serially connected arcs, a metallic shield member 
at least partially surrounding each pair of said 
contacts to shield said contacts from capacity 
to ground, means for electrically connecting one 
of the contacts of each pair to its corresponding 
shield member, the capacity between adjacent 
shield members being greater than the capacity 
between any pair of contacts and ground for 
producing a substantial uniform division of volt 
age between the several pairs of contacts during 
at least part of the arc-extinguishing operation 
and following arc extinction when the breaker is 
in open circuit position. 

2. A circuit breaker comprising a metallic en 
closure adapted to be maintained at ground po 
tential, arc interrupting lineans within Said 
enclosure comprising a plurality of arc interrupt 
ing units, each unit including a pair of Separable 
contacts and an arc extinguishing device capable 
of rapidly deionizing the arc stream, means for 
connecting said pairs of contacts in series, means 
for simultaneously separating each pair of con 
tacts to produce a plurality of serially related 
arcs, and shielding means disposed exteriorly of 
said arc-interrupting units, said shielding means 
including a capacitance connected across each 
pair of contacts, said capacitance being greater 
in value than the capacitance between each pair 
of contacts and said enclosure for maintaining 
uniform the rates of deionization of the arc 
streams in the respective arc-extinguishing de 
vices. 

3. In a circuit breaker, a pair of opposed in 
sulating members, a plurality of pairs of Sep 
arable contacts supported in spaced relation be 
tween said members, means for connecting Said 
contacts in series, a common actuating member 
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6 
for simultaneously causing the separation of the 
said pairs of contacts to produce a plurality of 
serially related arcs, a plurality of conducting 
members imbedded within each of Said insulating 
members, said conducting members being dis 
posed in capacity relation With respect to each 
other, and means for connecting two adjacent 
conducting members Within each insulating men 
ber across each pair of contacts for controlling 
the voltage distribution across Said pairs of con 
tacts. 

4. In a circuit breaker, arc extinguishing means 
comprising a plurality of arc extinguishing units, 
each unit including a pair of Separable contacts, 
means for Supporting said units in Spaced relation 
With respect to each other, Said pairs of contacts 
being connected in Series, means for causing the 
simultaneous separation of said pairs of contacts 
to produce a plurality of Serially related arcs, 
and a plurality of metallic shield members sure 
rounding said units and supported thereby in 
Spaced relation With respect to each other, at 
least two adjacent shield members having an 
electrical connection to a common connection 
adjoining adjacent pairs of contacts to provide 
a capacitance across each pair of contacts for 
controlling the voltage, distribution across said 
pairs Of contacts. 

5. In a circuit interrupter, a metallic enclosure, 
a pair of support members of insulating material 
mounted within said enclosure, a stack of axially 
alined arc extinguishing structures disposed be 
tWeen Said support members, each of said struc 
tures including a pair of cooperating relatively 
movable contacts for establishing an arc therein, 
an Operating rod adjacent said Stack and mov 
able axially thereof for simultaneously actuating 
said pairs of contacts, a plurality of conducting 
members disposed in spaced partially overlapping 
relation within each of said support members 
and means for connecting two adjacent conduct 
ing members of each support across a pair of 
Cooperating contacts, the capacitance between 
adjacent conducting members being materially 
greater than the capacitance between Said pairs 
of Contacts and Said metallic enclosure. 

6. In a circuit interrupter, a metallic enclo 
Sure, a stack of axially aligned circular arc ex 
tinguishing structures within said enclosure, a 
pair of relatively movable contacts within each 
of Said structures for establishing an arc there 
in, each of said structures having an axially 
aligned opening therethrough, an operating rod 
movable axially through said opening for actu 
atting said pairs of contacts to open and closed 
positions, and a plurality of circular metallic 
Shield members Surrounding said stack, a plu 
rality of said shield members being flared out 
wardly at their lower ends and disposed in spaced 
overlapping relation with respect to each other, 
at least two adjacent shield members having an 
electrical connection to a common connection 
joining adjacent pairs of contacts to provide a 
capacitance across said pairs of contacts for con 
trolling the voltage distribution therea cross. 

7. In a circuit interrupter, a plurality of pairs 
of Separable contacts, means for connecting said 
Contacts in series, common actuating means for 
simultaneously separating all of Said pairs of con 
tacts except one a predetermined distance to 
form a plurality of serially related arcs and for 
subsequently separating the remaining pair of 
contacts a greater distance to provide an insulat 
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ing gap capable of withstanding high voltage, and 
impedance means for controlling the division 
of voltage between said pairs of separable Con 
tacts, said impedance means being connected 
only across said first-named pairs of contacts to 
cause a higher potential to appear acroSS said 
insulating gap formed by said remaining pair of 
contacts than acroSS any gap formed by Said 
first-named pairs of contacts. 

8. In a circuit interrupter, a plurality of pairs 
of separable arc drawing contacts, means for 
connecting said contacts in Series, common actu 
ating means for simultaneously separating said 
pairs of arc drawing contacts a predetermined 
distance to form a plurality of serially related 
arcs, capacitance means connected acroSS said 
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plurality of pairs of arc drawing contacts for 
controlling the division of Voltage there between, 
and an additional pair of separable contacts con 
nected in series with said, plurality of pairs of 
simultaneously separable arc drawing Contacts, 
adapted to be separated a distance greater than 
the Separation of Said simultaneous separable 
pairs of arc drawing contacts by said common 
actuating means subsequent to the opening of 
Said simultaneously actuated arc drawing con 
tacts, said capacitance means causing the greater 
portion of the total impressed voltage across all 
of Said pairs of contacts to appear across said 
additional pair of separable contacts when the 
interrupter is in the open circuit position. 

9. In a circuit interrupter, a plurality of pairs 
of serially connected separable arc drawing con 
tacts, actuating means for simultaneously Sep 
arating said arc drawing contacts to initiate a 
plurality of serially connected breaks in the con 

20 

30 

nected circuit, arc-extinguishing means for each 
of said breaks, an additional pair of contacts in 
series with said plurality of pairs of arc draw 
ing contacts adapted to be separated subsequent 
to said plurality of pairs of arc drawing contacts 
to form an additional break in the connected cir 
cuit, and impedance means for controlling the 
distribution of voltage across all of said breaks, 
said impedance means being connected across 
said plurality of pairs of arc drawing contacts 
for causing a higher voltage to appear across said 
additional break than across said serially con 
nected breaks. 

10. In a circuit interrupter, a plurality of pairs 
of arc drawing contacts, means connecting said 
pairs of arc drawing contacts in series, actuating 
means for simultaneously separating said pairs 
of arc drawing contacts to establish a plurality 
of serially related long arcs, an arc-extinguishing 
unit for each pair of contacts for extinguishing 
said arcs, an additional pair of contacts con 
..nected in series with said arc drawing contacts, 
said additional pair of contacts being adapted to 
be separated by Said actuating means subsequent 
to the Separation of said arc drawing contacts, 
and capacitance shielding means surrounding 
said arc-extinguishing units for controlling the 
distribution of voltage across all of said pairs of 
contacts, said capacitance shielding means being 
connected across said arc drawing contacts to 
provide a low impedance path as compared With 
the impedance path between said additional pair 
of contacts when the interrupter is in the Open 
circuit position. 

ROSWEL C. WAN SICKLE. 
JAMES M. CUMMING. 
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