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UNITED STATES

2,192,772

PATENT OFFICE

2,192,772
CIRCUIT INTERRUPTER

John B. MacNeill, Boston, Mass., assignor to
Westinghouse Electric & Manufacturing Com-
pany, East Pittsburgh, Pa., & corporation of

Pennsylvania

Application Septerber 26, 1935, Serial No, 42,183
33 Claims. (CL 200—145)

My invention relates_ generally to circuit in-
terrupters and more particularly to contact stric-
tures and arc extinguishers for use with high ca-
pacity circuit breakers.

Heretofore the practice in the circuit breaker
art has been almost universal in the adoption of
& double break construction in which the two
breaks of the circuit interrupter were introduced
in series. However, in view of the increasing de-
mand for higher transmission voltages and for
high speed interrupting operations the simple
double break circuit interrupter is no longer able
to meet modern requirements. Generally, it may
be said that for a given method of arc extinc-
tion the amount of electrode separation neces-
sary for effective interruption varies nearly di-
rectly with the voltage. Although it is conceiva-
ble that a simple double break interrupter may be
constructed which has the ability of interrupting
extremely high voltages, such a structure would
not meet modern requirements since the time
interval required to separate the movable con-
tacts the requisite distance from the stationary
contacts would be prohibitive.

The main object, therefore, of my invention
is to provide a high voltage high power circuit
breaker structure in which a large electrode sep-
aration and arc extinction are accomplished in
a shorter time interval than that required here~
tofore with structures of the prior art. In order
to accomplish the aforenamed object, I have pro-
vided an arc interrupting structure whereby the
circuit is opened simultaneously at more than
two points so as to produce a plurality of serially
related arcs. The several pairs of separable con-
tacts whereby such a plurality of arcs are drawn
are so arranged that when actuated to the open
circuit position the separation of each pair of
contacts is that best suited for arc extinction.

In accordance with a further object of my .

invention, I provide additional separable con-
tacts in series with those for Initially drawing

. the series related arcs adapted to be opened

subsequently to the opening of the latter con-
tacts for the purpose of introducing an insulat-
ing gap distance over and above that produced
by the contagts for initally drawing the series
relatgd arcs, thereby assuring adequate insula-
tion” for the interrupter when the latter is in
the open circuit position. ’

A further object of the invention is to pro-
vide contact members of a novel design for use
in a stationary contact assemblage which is ep-
erable to produce a plurality of serially connected

breaks in the controlled circuit during its opera-
tion.

A still further object of my invention is to
provide a novel arrangement for the various ele-
ments of the interrupter in order to facilitate
the assembling of those elements and to render
the servicing of the interrupter easier and sim-
pler.

The above objects and one method of accom-
plishing them will be made more apparent in the
following description and drawings of a preferred
embodiment of the invention. Referring par-
ticularly to the drawings: .

Figure 1 is a sectional view, partially in eleva-

‘tion, of a single pole, liquid immersed circuit in-

terrupter which utilizes multi-break contact
structures according to the present invention;

Fig. 2 is an enlarged sectional view, partially
in elevation, of one of the stationary contact as-
semblages forming & part of the interrupter
shown in Fig. 1;

Fig. 3 is an enlarged sectional view of & portion
of the stationary contact assemblage shown par-
tieularly in Fig. 2, the single pair of cooperating
contacts shown are in the open circuit position
and the associated arc extinguishing device is in
section; ) '

Fig. 4 is an enlarged sectional view
line IV—IV of Fig. 2;

Fig. 5 is an enlarged sectional view taken on
the line V-V of Fig. 2; and :

Fig. 6 is & plan view of .one of the contact
members used in the contact assemblages shown
particularly in Fig, 2.

The circuit. breaker shown in Fig. 1 includes
a cylindrical tank 1, of sheet steel or other suit-
able material, a flanged cover 3 fastened thereto
by bolts 5 or other means, a pair of insulating
bushings 1, which are rigidly supported upon
the cover 3 and extend through the openings
9 formed therein into the inner portion of the
tank (, a stationary contact assemblage |
mounted upon the lower end of each of the in-
sulated bushings 1, a bridging contact 13 which
is movable into and out of ehgagement with the
stationary contact assemblages i1 to effect the
operation of the breaker, and actuating mecha-
nism (not shown) for moving the bridging con-
tact 13 from one position to the other. A rod I3
or other means of conducting material extends
through each of the insulating bushings 1 in
order to allow the breaker to be connected into
an electrical circuit. A body of insulating lg-
uid 17, preferably oll, is contained within the

taken on the
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2

kept sufficiently high to assure that the station-
ary -contact assemblages 1f and the movable
bridging contact 13 shall be submerged therein
at all times.

As is shown particularly in Figs. 2 and 4, the
various structural elements of each of the sta-
tionary contact assemblages Il are mounted be-
tween a pair of opposed support plates 19 of in-
sulating material. A stationary support member
2! of conducting material, is bolted to the upper
end of each of the pairs of opposed side plates
19 and constitutes the means for supporting each
of the assemblages upon the lower end of the
conductor 15 forming a part of the associated
bushing 1.

Four pairs of separable contacts are provided
for each of the stationary contact assemblages
i, and each of these pairs includes one of the
pivotally supported contact members 23, shown
particularly in Figs. 3 and 4. The contact mem-
bers 23 are substantially X-shaped (plan view)
and are each supported upon a pivot pin 25 which
extends through both of the opposed side mem-
bers 19 supporting the assemblage. They are
each biased toward the cooperating contact there-
for by two biasing springs 21, which springs are
held in position by suitable recesses 29 formed
in the contact members. Movement of each of
the contact members 23 in the downward direc~
tion under the biasing action of these springs 21
is limited by the proximity of the adjacent arc
extinguishing device 31, one of which devices is
associated with each of the pairs of contacts.

The other contact member 33 for each of the
pairs of separable contacts is shown particu-
larly in Fig. 6, and comprises a T-shaped member
(plan view) having an upturned end 35 for en-
gaging the contact portion 37 of the cooperating
contact 23. The contacts 33 are pivotally sup-
ported upon pins 3% which extend through the
two opposed support plates 19, and they are me-
chanically interconnected by a tie rod 41 of insu-
lating material which extends through the cen-
tral opening 43 formed therein, this tie rod being
pivotally connected to each of the contact mem-
bers 33 by a suitable pivot pin 45. The inter-
connected contact members 33 are biased toward
the open circuit position by a pair of springs 417,
one end of each of which is connected to the pivot
pin 46 connecting the lowermost contact 33 with
the common actuating member 41, and the other
end of each of which is connected to a pin 49
extending through the two opposed side mem-
bers 19.

As mentioned above, an arc extinguishing de-
vice 31 is associated with each of the pairs of
separable contacts which form a part of the sta-
tionary contact assembiages [l. Each of these
arc extinguishing devices 31 comprises a stack of
plates of insulating material, each of which plates
has a slotted opening 51 formed therein. The
plates are assembled upon four through bolts 53
of insulating material and slotted iron plates 55
are interposed in the stack structure at spaced
intervals. The slots 51 in the several plates align
to form an arc passage 5T having a length several
times its maximum width, and it is within this
passage 57 that the arc incident to the separation
of each of the pairs of cooperating contacts is
established. 'The proximity of the slotted iron
plates 55 to the arc so alters the magnetic field
set up thereby that the arc is moved longitudi-
nally within the passage formed by the aligned
slots. ‘

A quantity of the arc extinguishing liquid 17

2,102,772

is entrapped within each of the passages 5T where-’

in the individual arcs are drawn and are moved,
and this liquid is at least partially volatilized
during the arc extinguishing operation by being
brought in contact therewith. The resulting out-
flowing fluid, part of which is in the vapor and
part of which is in the liquid state, causes a
transverse blast through the arc and out vents 60
to effect a rapid extinguishment of the arc. Cer-
tain of the plates comprising the stack structures
are provided with cut-out portions 58 for defining
liquid retaining pockets which assure an adequate
supply of are extinguishing gas at all times during
the operation of the extinguisher. For a more
complete description of an arc-extinguishing de-
vice of this type, reference may be had to Patent
No. 2,039,054, issued April 28, 1936, to S. H. Boden
and S. T. Schofield, and which is assigned to the
assignee of this invention.

The upper plate 59 in each of the arc extin-
guishing structures 31 is substantially square and
is provided with four suitably threaded openings
61 formed therein for permitting the plate to be
bolted to the side members 19 which support the
several elements of the contact assemblage.
Through this arrangement, each of the arc ex-
tinguishing devices 31 is individually supported in
position in the completed structure by means
which allows that device to be readily removed
for inspection or other purposes. The devices 31
are so arranged, of course, that the contact por-
tion 35 of the T-shaped contact member 33 moves
within the passage 51 formed therein when it is
being moved into and out of engagement with its
cooperating contact member 23.

The several pairs of contacts are electrically
connected in series with each other by a plurality
of flexible shunts 63, one end of each of these
shunts being bolted to each of the adjacent con-
tacts 23 and 33. The upper contact member 23
is electrically connected to the support member 21
which engages the conductor 15 disposed within
the associated insulating bushing T by means of
a pair of similar shunts 65.

The bridging contact 13 includes an actuating
rod 67 of insulating material which is engaged
by the breaker actuating mechanism, a bridging
portion 69 of conducting material and a pair of
upstanding contact portions 71, one of which is
adapted to engage and effect the actuation of
each of the stationary contact assemblages {1. A
suitable contact 13 for cooperating with each of
these upstanding contact portions 11 is supported
upon the lower end of each of the tie members 41,
which interconnects the T-shaped contacts 33
in the stationary contact assemblages fi. Entry
of the cooperating upstanding contact portion 71
into the contact 13 is facilitated by a V-shaped
guide 75 forming a part thereof, and the opposed
contact members 11 which directly engage the
sides of the upstanding contact portion T{ which
is moved therebetween are biased toward each
other by suitable leaf springs 18. The lower end
of each of the lowermost shunts 63 in each of the
contact assemblages is bolted to the contact
means 13 in order to complete the electrical cir-
cuit through the interrupter. .

Since the interconnected T-shaped contacts 33
are biased toward the open circuit position, proper
engagement of the upstanding contact portions
11 with the contact means 13 is assured during
each operation of the interrupter. The device is
so arranged that the upstanding contact portions
11 disengage the contact means 13 during the
final stages of each circuit opening operation.
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Thus, two gaps of insulating fluld in addition to
the gap existing within the contact assemblages

_ 11 are interposed in the electrical circuit through
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the interrupter when that device is in the open
circuit position. This provides an increased fac-
tor of safety during the operation of the inter-
rupter.

The interrupter is shown in the closed eircuit
position in Fig. 1. Upon the operation of the ac-
tuating mechanism, either in response to an over-
load in the controlled circuit or other means, the
movable bridging contact 13 begins to move down-
wardly away from the two stationary contact as-
semblages f1. The springs 471, which bias the
interconnected T-shaped contacts 33 away from
the cooperating contacts 23 therefor, cause the
interconnected contacts 33 in each of the assem-
blages 11 to move downwardly with the down-
wardly moving bridging member. As a result, a
plurality of serially connected arcs are established
within each of the stationary contact assemblages
{1, each individual arc being established within

the passage 5T formed within one of the arc ex-

tinguishing devices 31,

Since the shortest distance from the center of
each of the pivot pins 45, which connect the com-
mon actuating member 41 with the T-shaped

_contacts 33, to the center of the pivot pin 38

which supports that contact 33 is considerably
less (about one-half) than the distance from the
center of the support pivot pin 39 to the point
of engagement of the T-shaped contact. 33 with
its cooperating contact 23, the speed of separa-
tion of each of the pairs of cooperating contacts
is at least double the speed of movement of the
bridging contact 13. Thus, the circuit through
the interrupter is opened at a rate which is at
least sixteen times the speed of movement of the
bridging contact 13, and further, since each of
the serially connected arcs is drawn within an
individual arc extinguishing device, the efficiency
of arc extinction is brought to an extremely high
value, : :

The very high speed at which the electrical
circuit through the interrupter is opened makes
possible the utilization of breakers employing this
form of contact structure in very high voltage
circuits, and by proper design of the parts ex-
tremely large amounts of power may be inter-
rupted thereby.

As the circuit opening operation progresses, the
downwardly moving interconnected contacts 33
reach their limit of motion and subsequent move-
ment of the movable bridging contact {3 causes
the upstanding contact portions 71 thereof to dis-
engage the conducting means 713 affixed to the
lower end of each of the common actuating mem-
bers 41. The amount of possible downward move-
ment of the movable bridging contact 13 is so
arranged that a substantial gap of predetermined
length exists between the upstanding contact
portions 11 and  the cooperating conducting
means 13 therefor when the breaker is in the
open circuit position. This assures that an in-
sulating gap shall exist hetween the bridging con-
tact 13 and each of the cooperating stationary
contact assemblages I{ when the interrupter is
in the open circuit position. )

This gap, in series with the arc-rupturing con-
tacts, may be made of any. desired length when
the movable contact member is in the open po-
sition without affecting the break distance or
length of separation of the intermediate arc-
drawing contacts. It will be apparent, therefore,
that this final insulating gap alone can bhe relied

upon for protection against voltage surges or
high potentials from any source which may be
impressed upon the circuit breaker when it is
standing in its open position. The distance to
which the intermediate, arc-drawing contacts are
separated will, then, be governed only by the
length of arc most suitable for interrupting pur-
poses at that voltage for which the circuit break-
er is designed, and will be in no way aflected by
considerations of insulation safety whiie the con-
tacts stand in their oren position. I have, there-
fore, by my invention separated the main func-
tions of an open gap between contacts—arc in-
terruption and insulation safety—into its two
subdivisions and have provided separate insulat-
ing gaps, each particularly designed to carry out
its own function most effectively for accomplish-
ing each function. In the.previous devices of like
nature both functions have been performed by a

single gap, or series of gaps, and the result has

been a compromise in design which did not per-
mit the most effective performance of either func-
tion.

While in accordance with the patent statutes,
I have, in the foregoing, disclosed the details of
one embodiment of my invention, it is to be un-
derstood that these details are merely illustrative
and that variations in the structure shown will
be both necessary and desirable in certain in-

, stances. It is my wish, therefore, that the lan-

guage of the accompanying claims shall be ac-
corded the broadest reasonable construction, and
that my invention shall be limited only by what
Is expressly stated therein and by the prior art.

I claim the following as my invention:

1. In a circuit interrupter, a stationary con-
ducting means, a movable contact, actuating
means for moving said movable contact to an
open and to a closed circitit position, and means
positioned intermediate said stationary conduct-
ing means and sald movable contact when said
Interrupter is in the closed circuit position for
completing the electrical circuit therebetween,

_ sald intermediate means including a plurality of

pairs of serially connected, cooperating contacts
and means for causing said pairs of contacts to
separate simultaneously when said movable con-
tact is moved to the open circuit position in order

~ to effect the establishing of a plurality of serially

connected arcs, said last mentioned means caus-
ing the separation of each pair of said cooperat-
ing contacts to take place at a ‘speed of move-

. ment which is greater than the speed of move-

ment of said movable contact.

2. In a circuit interrupter, a stationary support
means which is at least partially of conducting
material and which is electrically connected to
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one of the terminals of said interrupter, a sta- .

tionary contact assemblage supported thereby,
& movable contact for cooperating with said sta-

“tionary contact assemblage, and actuating means

for moving said movable contact to an open and

-to a closed circuit position, said stationary con-
tact assemblage including a plurality of pairs of .

cooperating contacts, at least one of the contacts
of each of sald pairs comprising a pivotally sup-
ported member movable into and out of engage-
ment with its cooperating contact, means for elec-
trically connecting said pairs of cooperating con-
tacts in series, and means engageable by said
movable contact for causing each of said pivotally
supported contacts to simultaneously disengage
its cooperating contact and move simultaneously
to the open circuit position when said movable
contact is moved to the open circuit position.
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3. In a circuit interrupter, a contact structure
including a plurality of pairs of cooperating con-
tacts, at least one of each of said pairs of contacts
comprising a pivotally supported member mov-
able into and out of engagement with the cooper-
ating contact therefor, means for electrically con-
necting said pairs of contacts in series, actuating
means for said contacts including a contact actu-
ating member having releasable engagement with
at least one of said contacts, and means where-
by the movement of said contact actuating mem-
ber causes the simultaneous separation of each
of said pairs of cooperating contacts, at a speed
greater than the speed of movement of said ac-
tuating member, said last mentioned means in-
cluding a motion-magnifying means intercon-
necting all of said pivotally supported contact
members.

4. In a circuit interrupter, a stationary con-
ducting means, a movable contact, actuating
means for moving said movable contact to- an
open and to a closed circuit position, and means
positioned intermediate said stationary conduct-
ing means and said movable contact when said
interrupter is in the closed circuit position for
completing the ‘electrical circuit therebetween,
said intermediate means including a plurality of
pairs of cooperating contacts, at least one of the
contacts of each of said pairs comprising a piv-
otally supported member movable into and out
of engagement with its cooperating contact,
means for electrically connecting said pairs of
contacts in series with each other, arc extinguish-
ing means associated with each of said pairs of
contacts, and means actuated by said actuating
means whereby each of said pivotally supported
contact members may be moved simultaneously
from the closed circuit position to the open cir-
cuit position in order to effect the establishing
of a plurality of serially connected arcs, said last
mentioned means causing the separation of each
pair of said cooperating contacts to take place
at a speed of movement which is greater than the
speed of movement of said movable contact.

5. In a contact structure for a circuit inter-
rupter, a plurality of pairs of separable contacts,
at least one of each of said pairs of separable con-
tacts comprising a pivotally supported member
movable into and out of engagement with the
other member of said pair, and means for simul-
tanecously actuating said contact members com-
prising a bar which engages each of said pivotally
suppcrted contact members during the operation
of said contact structure, the shortest distance
hetween the pivot point of each of said pivotally
supported contact members and the point at
which that member is engaged by said actuating
bar being less than the shortest distance from

the pivot point of each of said pivotally sup- -

ported contact members to the point at which
that member engages the cooperating contact
member therefor, this arrangement causing the
separation of each of said pairs of contacts to
take place at a greater speed than the speed of
movement of said common actuating bar therefor,

6. In a contact structure for a circuit inter-
rupter, a plurality of resiliently supported con-
tact members, a plurality of pivotally supported
contact members, one of which is adapted to co-
operate with each of said resiliently supported
contact memhbers, means for electrically connect-
ing said pairs of cooperating contacts in series
with each cther, and a common actuating means
for simultaneously moving all of said pivotally
supported contacts into and out of engagement

2,109,773

with the cooperating contact therefor, sald com-
mon actuating means comprising a member piv-
otally connected to each of said pivotally sup-
ported contact members, the shortest distance be-
tween the point at which said member is pivot-
ally connected to each of said contact members
and the pivot point of that member being sub-
stantially less than the shortest distance between
the pivot point of said contact member and the
point at which that member engages the cooper-
ating contact therefor in order that the separa-
tion of said contact members may be effected at a
greater speed than the speed of motion of said
common actuating member.

7. In a circuit breaker, a plurality of pairs of
separable contacts, means for connecting said
contacts in series, and common actuating means
for simultaneously separating all of said pairs
of contacts except one a predetermined distance
to form a plurality of serially related arcs of lim-
ited arc energy and for subsequently separating
the remaining pair of contacts a greater distance
to provide an insulating gap capable of with-
standing high voltage.

8. In a circuit breaker, a plurality of arc ex-
tinguishing units, a pair of separable contacts
within each unit, means connecting said pairs of
contacts in series, common actuating means for
simultaneously separating said pairs of contacts
a predetermined distance to establish a plurality
of serially related arcs, an additional pair of sep-
arable contacts connected in series with said plu-
rality of pairs of contacts and disposed exteriorly
of said arc-extinguishing units, said additional
pair of contacts being adapted to be separated a
distance greater than the separation of said si-
multaneously actuated pairs of contacts by said
actuating means subsequent to the opening of
said simultaneously actuated pairs of contacts.

9, In a circuit breaker, a plurality of arc ex-
tinguishing units arranged end to end, a relative-
1y fixed and a movable contact for each unit,
means for connecting said contacts in series,
means including a common actuating member
operatively coupling said movable contacts in
tandem for simultaneous operation to open and
closed positions, a contact carried by said actu-
ating member and connected in series with the
contacts of said units, and a second actuating
member having a contact thereon adapted for
releasable contacting engagement with the con-
tact on said first actuating member, said second
actuating member being movable with said first
actuating member during the opening of said
movable contacts for maintaining the contacts
carried by said respective members in engagement
and movable therefrom immediately following
the opening operation of said movable contacts
to cause a separation of said contacts carried
by said respective actuating members.

10. In a circuit breaker, a plurality of arc ex-
tinguishing units, a relatively fixed and 4 mov-
able contact for each unit, means for connecting
said contacts in series, means including an op-
erating rod coupling said movable contacts in
tandem for simultaneous operation to open and
closed positions, means biasing said movable con-
tacts to the open position, a contact member
secured to one end of said actuating rod and con-
nected in series with the contacts of said units,
an actuating member having a contact member
thereon for cooperative engagement with the con-
tact member on said rod, said actuating member
being movable in one direction for engaging said
contact member and for causing said operating
rod to move said movable contacts to the closed
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position against said biasing memms, sald actu-
ating member being movable ‘in“the ‘Gpposite di-
rection to open said contact members, said latter
movement enabling said biasing means to move
said movable contacts to the open position prior
to the final separation of said contact members.

11. In a circuit interrupter, an enclosure hav-

ing an insulating liquid therein, a plurality of .

arc-extinguishing units, means for supporting
said units in aligned spaced relation within said
enclosure, each of said umits having an arc cham-
ber therein, a contact member yieldingly sup-
ported on each unit having a contaot portion ex-
tending within the arc chamber of the unit, a
movable contact member for eac’: unit having a
contact portion thereon for cooperative engage-
ment with said first-named contact portion,
means for connecting the cooperating pairs of
contacts of said units in series, means for pivot-
ally supporting said movable contact members, g
common operating rod coupled to each of sald
movable contact members and operable to simul-
taneously rock said movable contact members
about their pivotal supports to open and closed

positions, means biasing sald movable contact .

arms to the open position, an auxiliary pair of
contacts one of which is secured to one end of
said operating rod and connected in serles with
the contacts of said units, and an actuating
member supporting the other of sald auxiliary
pairs of contacts, said actuating member being
movable in one direction to cause the engage-
ment of said auxiliary pair of contacts and the
movement of said operating rod to the closed
position, and movable in the opposite direetion
to cause said biasing means to operate said con-
tact arms to the open position prior to the open-
ing of said auxiliary pair of contacts.

12. In a circuit interrupter, a tank, an insulat-
ing liquid within said tank, an arc-extinguishing
assemblage supported within said tank com-
prising a plurality of arc-extinguishing units ar-
ranged end to end in aligned spaced relation, a
pair of cooperating contacts within each unit, a
movable carrier for at least one of the contacts
of each pair of contacts, a common actuating
member operatively coupled to sald contact car-
riers for simultaneously separating said pairs of

- contacts a predetermined distance to establish

a series arc within each of said arc-extinguish-
ing units, an auxiliary pair of separable contacts
connected in serles with said simultaheously ac-
tuated contacts, and means for operating said
actuating member, said last-named means being
operable to separate said auxillary pair of con-
tacts subsequent to the separation of said simul-
taneously actuated contacts, and to provide a
greater gap distance between said auxilary con-
tacts than between said simultaneously actu-
ated contacts. :

13. In a circult breaker, a plurality of pairs of
separable contacts, means for connecting said
contacts in series and a common actuating
means for simultaneously separating all of said
pairs of contacts except one a predetermined dis-
tance to form a plurality of serially related arcs
of limited arc energy and for subsequently sepa-
rating the remaining pair of contacts a greater
distance to provide an insulating gap capable of
withstanding high voltage, said common actuat-
ing means including means for biasing said si-
multaneously separable pairs of contacts to the
open circuit position independently of the force
applied by said actuating means for separating
said remaining pair of contacts,
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14. In a elrcult breaker, an arc extinguishing
structure, a plurality of pairs of separable con-
tacts for drawing a plurality of arcs within said
arc-extinguishing structure, means connecting
sald pairs of contacts in series, a common actu-
ating means for simultaneously separating said
pairs of contacts a predetermined distance to
establish a plurality of serially related arcs,
means biasing said simultaneously actuated pairs
of contacts to the open cireuit position, an addi-
tional pair of separable contacts connected in
series with said plurality of pairs of contacts and
disposed exteriorly of said arc extinguishing
structure, said additional pair of contacts being
adapted to be separated a distance greater than
the separation of said simultaneously actuated
pairs of contacts by said actuating means subse-
quent to the opening of said simultaneously ac-
tuated pairs of contacts, sald biasing means
being operative to move said simultaneously ac-
tuated pairs of contacts to the open circuit posi-
tion independently of the force applied by said
actuating means for separating said additional
pair of contacts.

15. In a circuit breaker, a plurality of pairs of
separable contacts, means for connecting said
contacts in series, and common actuating means
for simultaneously separating a plurality of said
pairs of contacts a predetermined distance to
form a plurality of serially related arcs of limited
arc energy and for subsequently separating at
least one of said pairs of contacts a greater dis-
tance to provide an insulating gap capable of
withstanding high voltage.

16. An electric circuit interrupter of the ex-
tinguishing chamber type comprising insulating
casing means forming pressure-confining cham-
ber means, an arc-extinguishing liquid substan-
tially filling sald chamber means, a plurality of
contact members, each pivotally mounted with
respect to said casing means and disposed to
move within sald chamber means, coacting fixed
contact structure arranged to form with said
contact members a plurality of breaks in series

“in the circuit, sald cesing means having a pres-

sure exhaust port opposite each of said breaks,
an operating member for moving said contact
members substantially in unison, a disconnecting
contact connected In series with said contact
members and carried by said operating member
at one end of said chamber means, and a mov-
able switch member for coacting with sald dis-
connecting contact exteriorly of said chamber
means.

17. An electric circuit breaker of the liquid
blast type comprising pressure confining casing
means, an arc-extinguishing liquid in which said
casing means is immersed, relatively movable
contacts mounted to move within said casing
means arranged to form at least two breaks in
series in the circuit to be interrupted, said casing
means having an exhaust port disposed adjacent
and opposite one of said breaks and arranged
so that arc pressure created within said casing
means is effective to drive arc-extinguishing
liquid through said port to extinguish the arc
thereat, and a movable switch member operable
within said liquid exteriorly of said casing means
for controlling the movable contact structure in
said casing means and being in series therewith,
circuit opening movement of said switch member
causing initially separation of the contact struc-
ture within said casing means for interrupting
the circuit and subsequently separation of sald
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switch member from sald contact structure to
form an isolating gap in said liquid.

18. An electric circuit breaker of the fluid
blast type comprising relatively movable contact
structure separable to open the circuit, pressure
confining chamber means for enclosing a com-
paratively fixed portion of said contact structure,
said fixed portion including a plurality of con-
tact elements adapted to form a plurality of
breaks in series in the circuit, said chamber
means being provided with exhaust ports dis-
posed opposite certain of said breaks so that
pressure within said chamber means is effective
to drive arc-extinguishing fluid through the
breaks at said ports, means for moving sald con~
tact elements towards open-circuit position; and
movable switch structure coacting with said con-
tact elements exteriorly of saild pressure-confin-
ing chamber means so as to move s2id contact
elements to the closed circuit position and to
break connection therewith subsequent to cir-
cuit-opening movement of said contact elements.

19. An electric circuit breaker of the fluid
blast type comprising relatively fixed contact
structure adapted to form a plurality of breaks
in series, means forming pressure-confining
chamber means for sald contact structure, a
movable switch member adapted to be connect-
ed in series with said fixed contact structure op-
able exteriorly of said chamber means, a source
of arc-extinguishing fluid, said chamber means
having exhaust ports opposite certain of said
breaks so that pressure within said chamber
means is effective to drive arc-extinguishing fluid
through the breaks at said ports, said movable
switch member being operative to move said fixed
contact structure to close said breaks in the
circuit-closing operation and adapted in the cir-
cuit-opening operation- to form- an isolating
break with respect to sald fixed structure subse-
quent to formation of the aforesaid breaks in
said chamber means.

20. An electric circuit breaker of the fluid blast
type comprising fixed insulating casing means
forming extinguishing chamber means, relative-
ly movable contacts mounted for limited move-
ment within said chamber means and arranged
to form a plurality of breaks in series in the
circuit, a source of arc-extinguishing fluid, said
insulating casing means having exhaust ports
opposite certain of sald breaks so that pressure
within said chamber means is effective to drive
arc-extinguishing fluid through the arcs at said
breaks, means for operating as a unit said con-
tact structure within said extinguishing chamber
means and a coacting movable switch member
operable exteriorly of said chamber means for
biasing said unit to the closed circuit position in
accordance with the circuit-closing operation
and for controlling opening movement of said
unit in accordance with initlal circuit-opening
movement of sald switch member, the circuit-
opening operation within said chamber means
being effective to interrupt said circuit independ-
ently of said movable switch member, and said
movable switch member being movable to form
an isolating gap between sald member and sald
extinguishing chamber means.

21, In a circuit interrupter, an outer casing,
an arc-extinguishing structure in said outer cas-

~ ing, a plurality of pairs of separable contacts
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electrically connected in series for drawing a
plurality of relatively short arcs within said are-
extinguishing structure, a pair of disconnecting
contacts electrically connected in series with sald
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plurality of pairs of contacts, one of said discon-

- necting contacts being movable within said outer

casing to a point a considerable distance away
from said arc-extinguishing structure, and oper-
ating means for first separating said plurality of
pairs of contacts and then separating said pair
of disconnecting contacts.

22, In a circuit interrupter, a casing, a body of
arc-extinguishing liquid therein, an arc-extin-
guishing structure in said body of liquid, a plu-
rality of pairs of separable contacts electrically
connected in series for drawing a plurality of
relatively short arcs within said arc-extinguish-
ing structure, a pair of disconnecting contacts
electrically connected in series with said plu-
rality of pairs of contacts, one of said discon-
necting contacts being movable through said
arc-extinguishing liquid to a point a relatively
great distance away from said arc-extinguishing

structure, and operating means for first causing :

said plurality of pairs of contacts to begin to
separate substantially simultaneously to inter-
rupt the current in said arc-extinguishing struc-
ture and for then separating said palr of dis-
connecting contacts. .

23. In & circuit interrupter, an arc-extinguish-
ing structure, a plurality of pairs of separable
contacts electrically connected in series for
drawing a plurality of relatively short arcs with-
in- sald arc-extinguishing structure, actuating
means connecting said plurality of pairs of con-
tacts, means biasing said actuating means and
said plurality of pairs of contacts to move to
separated position, a pair of disconnecting con-
tacts electrically connected in series with said
plurality of pairs of contacts, one of said dis-
connecting contacts being mechanically connect-
ed to said actuating means and the other of said
disconnecting contacts being movable in one di-
rection to engage the first said disconnecting
contact and thereafter move said actuating
means and said plurality of pairs of contacts
to engaged position against their blas and being

movable in the other direction to cause said plu-,

rality of contacts to begin to separate substan-
tially simultaneously and to thereafter separate
from the first said disconnecting contact and
move to a point at a considerable distance from
said arc-extinguishing structure.

24. In 8 circuit interrupter, a casing, a body of
arc-extinguishing liquid therein, an arc-extin-
guishing structure in said body of liquid, a plural-
ity of pairs of separable contacts electrically
connected in series for drawing & plurality of
relatively short arcs within said arc-extinguish-
ing structure, said arc-extinguishing structure
including pressure-confining chamber means for
causing fluid to flow through at least several of
sald arcs to quickly extinguish them and inter-
rupt the circuit, actuating means connecting said
plurality of pairs of contacts, means biasing sajd
actuating means and said plurality of pairs of
contacts to move to separated position, a pair
of disconnecting contacts electrically connected
in series with said plurality of pairs of contacts
one of said disconnecting contacts being me-
chanically connected to said actuating means
and the other of said disconnecting contacts be-
ing movable in one direction to engage the first
said disconnecting contact and thereafter move
said actuating means and said plurality of pairs
of contacts to engaged position against their bias
and being movable in the other direction to
cause said plurality of contacts to begin to sepa-
rate substantially simultaneously and to separate

10

15

25

30

35

40.

45

80

58

60

65

70

(L



2,192,772

from the first sald disconnecting contact after

- the current has been interrupted in the arc-ex-
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tinguishing structure and to move to a point
within said casing at a relatively great distance
from said arc-extinguishing structure.

25. An electric circuit breaker of the liquid

‘blast type comprising relatively movable contact

structure separable within an arc-extinguishing
liquid, insulating pressure confining chamber
means for enclosing a comparatively fixed por-
tion of said contact structure, said fixed portion
including a‘plurality of contact elements adapted
to form a plurality of breaks in series in the cir-
cuit, said chamber means being provided with
exhaust ports disposed adjacent and opposite
certain of said breaks so that arc pressure
created within said chamber means is effective to
drive arc-extinguishing liquid through the breaks
at said ports, means for biasing said contact ele-
ments towards open-circuit position, and mov-
able switch structure coacting with said contact
elements exteriorly of said pressure-confining
chamber means so as to bias said contact ele-
ments to the closed circuit position and to break
connection therewith subsequent to circuit-open-
ing movement of said contact elements.

26. An electric circuit breaker of the liquid
blast type comprising relatively fixed contact
structure adapted to form a plurality of breaks
in series, insulating casing means forming pres-
sure-confining chamber means for said contact
structure, a movable switch member adapted to
be connected in series with said fixed contact
structure operable exteriorly of said chamber
means, an arc-extinguishing liquid in which said
fixed and movable contact structures .are im-
mersed, said insulating casing means having ex-
haust ports adjacent and opposite certain of said
breaks so that arc pressure created within said
chamber means is effective to drive arc-extin-
guishing liquid through the breaks at said ports,
said movable switch member being operative to

bias said fixed contact structure to close said

breaks in the circuit-closing operation and adapt-
ed in the circuit-opening operation to form an
isolating break with respect to said fixed struc-
ture subsequent to formation of the aforesaid
breaks in said chamber means.

27. An electric circuit breaker of the liquid

blast type comprising fixed insulating casing
means forming an extinguishing chamber means,
relatively movable contacts mounted for limited
movement within said chamber means and ar-
ranged to form a plurality of breaks in series in
the circuit, an arc-extinguishing liquid in which
said insulating casing means is immersed, said
insulating casing means having exhaust ports
adjacent and opposite certain of said breaks so
that arc pressure created within said chamber
means is effective to drive arc-extinguishing
liquid throuigh the arcs at said breaks, means for
operating as a unit said contact structure within
said extinguishing chamber means and a coact-
ing movable switch member operable in sald arc-
extinguishing liquid exteriorly of said chamber
means for biasing said unit to the closed circuit

position in accordance with the circuit-closing .

operation and for controlling opening movement
of said unit in accordance .with initial circuit-
opening movement of ‘said switch member, the
circuit-opening operation within said chamber
means being effective to interrupt said ecircuit
independently of said movable switch member,
said movable switch member being movable into
said arc-extinguishing liquid so as to form an
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isolating gap between saild member and said ex-
tinguishing chamber means.

28. An electric circuit breaker of the fluid blast
type comprising pressure confining casing means,
an arc-extinguishing liquid in which said casing
means is immersed, relatively movable contacts
mounted to move within said casing means ar-
ranged to form at least two breaks in series in
the circuit to be interrupted, said casing means
having an exhaust port disposed opposite one of
said breaks and arranged so that arc pressure
created within said casing means is effective to
drive arc-extinguishing fluid through said port
to extinguish the arc thereat, and a movable
switch member operable within said liquid ex-
teriorly of said casing means for controlling the
movable contact structure in said casing means
and being in series therewith, circuit opening
movement of said switch member causing initially
separation of the contact structure within said
casing means for interrupting the circuit and
subsequently separation of said switch member
from said contact structure to form an isolat-
ing gap in said liquid. o

29. An electric circuit breaker of the fluid blast
type comprising relatively movable contact struc-
ture separable within an arc-extinguishing liquid,
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insulating pressure confining chamber means for -

enclosing a comparatively fixed portion of said
contact structure, said fixed portion including a
plurality of contact elements adapted to form a
plurality of breaks in series in the circuit, said
chamber means being provided with exhaust ports
disposed opposite certain of said breaks so that
arc pressure created within said chamber means
is effective to drive arc-extinguishing fluid
through the breaks at said ports, means for bias-
ing said contact elements towards open-circuit
position, and movable switch structure coacting
with said contact elements exteriorly of said
pressure-confining chamber means so as to bias
said contact elements to the closed circuit posi-
tion and to break connection therewith subse-
quent to circuit-opening movement of said con-
tact elements.

30. An electric circuit breaker of the fluid
blast type comprising relatively fixed contact
structure adapted to form a plurality of breaks in
series, insulating casing means forming pressure-
confining chamber means for said contact struc-
ture, a movable switch member adapted to be
connected in series with said fixed contact strue-
ture operable exteriorly of said chamber means,
an arc-extinguishing liquid in which said fixed
and movable contact structures are immersed,
said insulating casing means having exhaust
ports opposite certain of said breaks so that arc

-pressure created within said chamber means is

effective to drive arc-extinguishing fluid through
the breaks at said ports, said movable switch
member being operative to bias said fixed con-
tact structure to close said breaks in the circuit-
closing operation and adapted in the circuit-
opening operation to form an isolating break
with respect to said fixed structure subsequent to
formation of the aforesaid breaks in said cham-
ber means.

31. An electric circuit breaker of the fluid blast
type comprising fixed insulating casing means
forming an extinguishing chamber means, rela-
tively movable contacts mounted for limited
movement within said chamber means and ar-
ranged to form a plurality of breaks in series in

_the circuit, an arc-extinguishing liquid in which

said insulating casing means is immersed, said
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insulating casing means having exhaust ports
opposite certain of said breaks so that arc pres-
sure created within said chamber means is effec-
tive to drive arc-extinguishing fluid through the
arcs at said breaks, means for operating as a unit
said contact structure within said extinguishing
chamber means and a coacting movable switch
member operable in said arc-extinguishing liquid
exteriorly of said chamber means for biasing said
unit to the closed circuit position in accordance
with the circuit-closing operation and for con-
trolling opening movement of said unit in accord-
ance with initial circuit-opening movement of
said switch member, the circuit-opening opera-
tion within said chamber means being effective
to interrupt said circuit independently of said
movable switch member, said movable switch
member being movable into said arc-extinguish-
ing liquid so as to form an isolating gap between
said member and said extinguishing chamber
means.

32. In a circuit breaker, a plurality of movably
mounted contacts electrically connected in series,
arc-extinguishing means for the arc established
at each of a plurality of said contacts, means for
simultaneously moving a plurality of said con-
tacts to draw a plurality of arcs to a length which
is sufficient to cause efficient extinguishing of said
arcs by said arc-extinguishing means but which
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is insufficient to provide a gap which can be relied
upon to meet the normal open circuit insulation
requirements of the circuit breaker, and one of
said contacts being automatically movable after
the extinguishing of said arcs upon each opening
operation of the circuit breaker to provide a gap
which is sufficient to meet the normel open circuit
insulation requirements of the circuit breaker.

33. In a circuit breaker, a plurality of movably
mounted contacts electrically connected in series,
arc-extinguishing means in which a plurality of
said contacts establish a plurality of arcs, means
for simultaneously moving said plurality of con-
tacts for establishing the plurality of arcs in the
arc-estinguishing means to draw said plurality of
arcs to a length which is sufficient to cause effi-
cient extinguishing of said plurality of arcs by
said arc-extinguishing means but which is insuffi-
cient to provide a gap which can be relied upon
to meet the normal open circuit insulation re-
quirements of the circuit breaker, and one of said
movably mounted contacts being automatically
movable outside of said arc-extinguishing means
after the extinguishing of said arcs upon each
opening operation of the circuit breaker to pro-
vide a gap which is sufficient to meet the normal
open circuit insulation requirements of the cir-
cuit breaker.
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