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This invention relates to improvements in eir-
cuit interrupters, and more particularly to cir-
cuit interrupters of the type wherein arc ex-
tinction is at least in part- effected by subjecting
the arc to a flow of arc extinguishing fluid.

The control of power by the use of circuit
breakers in modern high-voltage high-power sys-
tems involves complete circuit opening opera-
tions within at least .133 second which corre~-
sponds to the time duration of eight cycles at a
frequency of sixty cycles per second. In some
instances complete circuit interruption must be
accomplished in from 2.5 to 3 cycles. In order
to obtain ‘this‘high speed operation, attempts
have been made to hasten deionization of the
arc stream by applying a strong deioniZing ac-
tion as soon as the arc drawing contacts part.
Any attempt, however, 10 hasten arc extinection
before a normal current zero frequently results
in high arc voltage, sudden peaks of arc energy,
voltage surges and excessive mechanical shock to
the circuit interrupting mechanism.

In Patent No. 2,253,009, granted to me August
19, 1941, and assigned to the assignee of this
application, I have shown and described a cir-
cuit interrupting structure which obviates the un-
desirable effects of too rapid deionizing action
in that it provides a flow of arc extinguishing
fluid with respect to the arc such that when the
instantaneous value of current is high there is
a minimum of interference with the arc stream
or tendency to break its continuity. In accord-
ance with the aforesaid patent, I have found that
arc extinction can be obtained at the first cur-
rent zero following establishment of the arc by
drawing the arc in an elongated relatively narrow
arc chamber and subjecting it to a flow of arc
extinguishing fluid principally longitudinally of
the arc stream and exercising pressure control
such that the generated arc gases are permitted
to escape freely during the high values of in-
stantaneous current so as to subject the arc
stream to but little deionizing action and then,
just preceding a current zero, pressure in the arc
chamber is permitted to rise rapidly so as to
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subject the rapidly decaying arc stream to a

strong deionizing action. .

My present invention has for its object the
provision of 3 circuit interrupter which operates
upon the ssme general principles enumerated
above, but contemplates structure for.obtaining
the desired results in a more facile and advan-
tageous manner. :

A more specific object of my invention resides
in the provision of a circuit interrupter having

a contact structure arranged to establish an arc
centrally of an elongated arc chamber in con-
junction with means for maintaining the arc
surrounded by a flow of arc extinguishing fiuid
so as to protect the walls of the arc chamber
from the erosive effect of the arc.

Another object of the invention resides in the
provision of a contact structure in an arc cham-
ber of a circuit interrupter so arranged that a
flow of arc extinguishing fluid through the arc
chamber causes the arc terminals to be moved
off of their respective contact surfaces to assist
in arc extinction.

It is also an object of my invention to im-
prove the interrupting performance of & circuit
interrupter of a type in which the arc is sub-
jected to a longitudinal flow of arc extinguish~
ing fluid by delaying the streaming action of the
fluid upon the arc until an arc of predetermined
length has been established. .

A further object of the invention resides in
the provision of a circuit interrupter of the fluid
flow type in which the flow of fluid. for extin-
guishing the arc is so conducted that substan-
tially all deleterious solids formed by the action
of the arc upon the arc extinguishing fluid are
swept out of the arcing chamber. during each
circuit interrupting operation, thereby keeping
the walls defining the arc chamber free from
foreign deposits which “would “normally cause
voltage breakdown. ) .

Still another object of the invention resides in
the provision of a circuit interrupter of the fluid
flow type wherein improved performance is ob-
tained by associating the fluid moving means
with the movable contact mechanism and ar-
ranging the fluid moving means in. sich manner
that the arc pressure within the arcing chamber
assists in actuating the fluid moving means and
the movable contact structure during a circuit
opening operation. . )

Other objects and advantages will appear more
fully in the following description when read . in
connection with the accompanying drawings, in
which: .

Pigure 1 is a sectional view showing & circuit
interrupter embodying my invention; and

g, 2 is' a sectional view showing a modified
form of circuit interrupter illustrative of my in-
vention. )

Referring. to the drawings, the reference nu-
meral 3 designates a casing upon which is
mounted a tubular insulator 5, preferably of vit-
reous weatherproof material. Disposed within
the tubular insulator 5 is a tubular support and
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strain member 7 of insulating materizal, the ends
of which are prcvided with metal sections 9 and
(1. The lower metal section 9 ig preferably se-
cured to the casing 3 by bolts as shown whereas
the upper metal section Il serves as a means for
securing an annular metallic plate 13 as by means
of bolts 16. The annular plate {2 in this instancs
is bolted to an annular plate {7 which rests upon
the upper end of the insulator 5. The annular
plate IT in turn supports an upper cap or closure
member (9. Suspended from the annular plate
I3 and extending into the tubular member T is a
cireuit interrupting unit generally indicated at 2{.

The circuit interrupting unit 21 comprises a
cylindrical member 22 of insulating material hav-
ing a flanged member 23, preferably of metal,
threaded or otherwise secured to the upper end
thereof to which is secured a support plate 27
having a plurality of arms 29, only one of which
is shown, adapted to be bolted to the annular
plate 13. A metallic fianged closure 3! is screw-
threaded to the lower end of the insulating mem-
ber 23 and supports a lining member 33 extending
upwardly substantially one-half the length of
the insulating member 23. Resting upon the
upper end of the tubular Lning member 23 is =
metallic disk 35 having a centra] aperture 36
therein and a plurality of apertures 21 disposed
about the central aperture. The plate 35 carries
a pair of spacing washers 29 of insulating mate-
rial. Disposed above the washers 38 are a plu-
rality of washers 41 and 43 of insulating material
having different internal diameters. The stack
of washers 41 and 43 define an elongated arc
passage 45 having a corrugated wall structure.

Disposed within g recess 47 in the upper closure
member 25 is a stationary contact assembly 49
of the tulip type including a plurality of contact
fingers §1. A contact rod 53 extends through the
lower closure member 3! and the aperture 3%
in the plate 35, and is operative within the arc
passage 45 and coacts with the contact fingers
51 of the stationary contact assembly 48, Sur-
rounding the contact rod 53 and disposed between
the lower closure 31 and the plate 35 is a cylin-
drical member 55 having an inside diameter at
its upper porticn as shown at 57, that is some-
what larger than the inside diameter of its lower
portion as shown at 5.

A piston 61 secured to the contact rod 53, has ;

a diameter substantially equal to that of the cyl-
inder §5 at the lower end thereof and is cperative
in the cylinder. A plurality of springs €3 sur-
rounding the contact rod 53, the respective ends
of which bear against the plate 35 and the piston
61, bias the contact rod 53 to the open circuit
position. The full open circuit position of the
contact rod 83 is determined by suitable stop
means such as the screws 65 mounted in the
closure member 31 against which the piston 61 is
adapted to come to rest. In the closed circuit
position of the interrupter the contact rod 53 is
in engagement with the contact fingers 51. In
this position the piston 61, which is secured to
the rod 93, takes a position adjacent to the plate
35 in the enlarged portion 51 of the cylinder 53.

Movement of the contact rod 53 in this in-
stance is accomplished by an auxiliary contact
rod 671 movable longitudinally through a support
69 and adapted to releasably engage the lower
end of the rod 53. 'The auxiliary contact rod
67 in this instance is actuated by a suitable oper-
ating linkage generally indicated at 7i , Which
may be of any well known type, preferably of a
form to impart substantially straight-line mo-
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tion to the contact member 61. It should be noted
that the contact member €1 constitutes part of
the electrical circuit through the interrupter and
is connected by a flexible conductor 13 to a ter-
minal I8 extending from the lower casing 3.

In the closed circuit rosition the auxiliary con-
tact member 87 makes contacting engagement
with the contact rod 53 which, in turn, engages
the contact fingers 51 so as to complete the elec-
trical circuit from the terminal 15, through con-
ducter 13, auziliary contact €7, contact rod 53,
contact fingers 5¢, closure member 25, support
plate 21, which connects by means of & conductor
T1 to a second line terminal 19 extending from
the upper casing (9. When the interrupter is in
thie full open circuit position, the auxiliary con-
tact 67 is separated from the contact rod 53 as
shown to provide an isolating gap in the cireuit
in addition to that formed between the contact
rod 53 and the contact fingers 51.

The cylindrical member 55 has a plurality of
openings &1 adjacent its lower end to provide
a passage from within the cylindrical member
55 through the annular space between the cyl-
inder 83 and the lining member 33 through the
openings 87 in the plate 35 and hence to the
arc passage 45. It will be noted that the plates
39 space the stack of plates 41, 43 from the lower
plate 35 so as to provide a radial flow passage
83 towards the contact rod 53 at the lower end
of the arc passage 45. The contact rod 53 is also
preferably of tubular form, at least from its up-
per end to the piston 61, so as to Provide a flow
passage 85 therein. The passage 85 communi-
cates with the space within the cylinder 55 by
means of openings 87,

The circuit interrupter, in accordance with
the foregoing description, is effective to interrupt
high power circuits when using arc extinguish-
ing fluids generally, either gaseous or liquid, as
a means to assist arc extinction. When the arc
extinguishing fluid used is a liquid such as oil
or water, the housing is preferably filled with
liquid to the level shown. Under these condi-
tions the circuit interrupting unit 21 is complete-
ly submerged so as to fill the arc passage 45 and
the various flow passages and chambers con-
nected therewith.

The operation of the interrupter during a cir-
cuit interruption is as follows: If an overload
condition exists in the circuit in which' the in-
terrupter is connected, suitable trip means (not
shown) will cause the operating mechanism 71
to release the auxiliary contact 61 to permit
it to move downwardly which at the same time
releases the movable contact rod 53, thereby en-
abling the contact rod 53 and the auxiliary con-
tact 87 to move in unison under the influence of
the operating springs 63. As the contact rod 53
and the contact fingers 51 separate, an arc will
be drawn in the passage 45. During the initial
portion of the opening movement of the con-
tact rod 53, the piston 61 carried thereby is op-
erating in the enlarged portion 57 of the cylin-
der 85 which provides considerable clearance
around the periphery of the piston 61 so that
substantially no liquid is moved by the piston
through the openings 8! and upwardly through
the flow passage 83 in communication with the
lower end of the arc passage 43. Liguid move-
ment by the piston 6! therefore does not take
place until the piston reaches the portion 59 of
lesser diameter in the cylinder 55. In the mean-
time the upper end of contact rod 53 has sep-



2,304,529

arated from the contact fingers 51 a distance to
draw an arc of appreciable length. .

The lerigth of arc preferred depends mainly
upon the voltage rating of the interrupter,. but
in general corresponds to the minimum ex-
tinction distance for the particular voltage rat-
ing. n other words, the flow of liquid with re-

spect  to the arc is delayed until the ‘arc has.

assumed a length which will be responsive to
deionizing means, and arc extinction becomes
possible.

The flow of liquid established by the piston
61 enters the arc passage 45 at the lower end
through the radial passage 83 and flows upward-
ly in surrounding relation with respect to the
contact rod 53 and also surrounds the ar¢c drawn
within the passage 45 so as to maintain it sub-
stantially centered with respect to the passage,
thereby keeping the arc from eroding the walls

of the passage as defined by the washers 41 and 2

43. The products of decomposition of the arc
such as gas and some solids formed by the action
of the arc on the arc extinguishing fluid have
their principal movement upwardly in the arc
passage, that is, in a direction with' the flow of
arc extinguishing fluid set up by the piston 6.
This flow streams past the contact fingers 51 and
carries the upper arc terminal up through the
contact fingers 51 onto the stationary contact
housing 49. The discharge of arc extinguishing
fluid and the products of arcing from the arc
passage 85 is controlled by a vent opening 89
provided through a cover plate 91 secured to the
member 21. The vent opening 89 is preferably
disposed in axial alignment with the contact
fingers 51 and the arc passage 45 which further
assists in maintaining the arc centered with re-
spect to the arc passage 45 in that it always di-
rects the flow centrally of the passage.

The arc passage 45 and the vent opening 83
are so dimensioned in conjunction with the fluid
moving piston 61 that sufficient pressure is estab-
lished within the passage 45 to also cause a flow
of arc extinguishing fluid and some of the prod-
ucts of arcing into the passage 85 of the con-
tact rod 53. Flow through the passage 85 car-
ries the lower arc termina] from the tip of the
contact rod 53 to the inside of the rod. There is
thus a tendency set up by the flow of fluid to
sweep both the upper and lower arc terminals of
the arc off of their contact surfaces, which great-
1y assists in bringing about arc extinction. The
position taken by the arc with respect to the arc
passage 45, the contact fingers 51 and the con-
tact rod 53, under the influence of the foregoing
fluid flow conditions, is illustrated at 98 in Fig. 1
of the drawings. This action, however, as well
ag the main flow of arc extinguishing fluid lon-
gitudinally of the arc does not take place until
after the arc has been drawn to a length suit-
able for extinction.

During the initial stages of arcing the pres-
sure is relatively low in the passage 45 and the
ijnitial movement of arc extinguishing fluid lon-
gitudinally of the arc rapidly removes the prod-
ucts of arcing upwardly through the vent open-
ing 89. However, as arcing continues and as the
arc length increases, the pressure within the arc
passage 45 increases by virtue of the more rapid
formation of the products of arcing which are
vented at a given rate through the vent opening
89. The flow of arc extinguishing fluid and the
pressure exerted upon the arc stream thus be-
comes more effective as the instantaneous cur-
rent in the arc approaches zero. As the arc cur-
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rent approaches the current zero and the rate of
jonization decreases, the deionizing effect of the
arc stream is increased so that at the first cur-
rent zero after a predetermined contact separa-
tion is obtained, the arc stream is deionized to
such an extent that the arc will not restrike
when the voltage builds up in the opposite direc-
tion following the current zero.

The delay of the piston 61 in moving arc ex-
tinguishing fluid, in addition to causing more
advantageous circumstances for bringing about
arc extinction, also has the advantage of per-
mitting the attainment of a higher contact speed
with a given energy stored in the accelerating
springs 63. This is so because at the outset of
the opening movement of the contact rod 53 the
piston 61 will move freely within the upper por-
tion 51 of the cylinder 55. Appreciable resistance
is not encountered until the piston 61 reaches the
constricted portion 58 of the cylinder 55, at which
time the arc has assumed a length advantageous
to extinction and at which time & relatively slow
lengthening is more desirable. The high accel-
eration of the contact rod 53 during the initial
portion of its opening stroke is also desirable in
that it materially decreases the overall operating
time of the interrupter and it makes available
a high kinetic energy for moving fluid at high
velocity longitudinally of the arc when the piston
61 finally encounters the constricted portion 59.
The operating force moving the contact rod 53
and the piston 61 to the open circuit position is
augmented by the pressure in the are chamber
45 acting through the passage 85 and the open-
ings 87 on the upper side of the piston 6.

Tt will be noted that the flow of fluid through
the arc passage 45 as established by the piston
61 continues until the contact rod 53 reaches its
full open circuit position. This arrangement pos-
sesses several advantages. Since arc extinction
normally takes place before the contact rod 52
reaches its full open circuit position, the flow of
arc extinguishing fluid will continue for a con-
siderable period following arc extinction. This
continued flow causes the deleterious solids
formed by action of the arc upon the arc extin-
guishing fluid to be swept upwardly out of the
arc passage 45, thereby preventing the deposit
of these solids upon the walls formed by the
plates of the washers 41 and 43, thus maintain-
ing the walls of the passage 45 clean and free
from voltage breakdown. Furthermore, in the
event that water is used as the arc extinguishing
fluid, the piston 6! maintains a high velocity
flow between the tip of the contact rod 53 and
the contact fingers 51, thereby reducing the heat-
ing effect of the residual current following arc
extinction to a point below that which would
cause vaporization of the water which is now
recognized as being the cause for voltage break-
down following arc extinction in breakers of this
type. It should be noted that this flow of fluid
between the contacts 53 and 5l continues until
the piston 61 reaches the stop 69, after which
the auxiliary contact 67 parts from the contact
53 to provide an isolating break of sufficient
length to prevent further likelihood of voltage
breakdown.

In the case where water is used as an arc ex-
tinguishing liquid, it is, of course, desirable to
provide the isolating break in air rather than a
liquid and it would be more advantageous to
utilize an arc extinguishing structure arranged
as shown in Fig. 2. :

In this figure the same general principles of
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arc extinction heretofore described will .apply,
although slight modifications have been made
in the general arrangement of the structure as
a whole. In Fig. 2, the interrupter housing com-
prises a tubular member I6f of insulating ma-
terial having an internally disposed metal collar
103 at its upper end to which is secured a flanged
support 183, in turn carrying the cover plate
107. The lower end of the tubular member 18}
is provided with an external metal collar 109 to
which may be bolted an annular support plate
{11, which carries a cup-shaped closure member
113. Disposed within the closure member 13 is
a stationary contact assembly generally indicated
at {15. Disposed above the stationary contact
assembly (15 is a stack of washers {17 and (i9
of different internal diameter so as to provide
an arc passage 121 having corrugated side walls.
The inside diameters of the washers 119 also
progressively decrease from top to bottom of the
stack of washers so that in general the cross
section of the arc passage 121 becomes smaller
in the direction aforesaid. A cylindrical member
123 of insulating material is disposed above the
stack of washers (4T and (19 and secured at its
upper end to a partition member 125 which closes
the upper end of the annular space 127 between
the cylinder 123 and the outer tubular member
{04, and also closes in part, except for an aper-
ture 129, the end of the cylinder 123. A contact
rod 131 is mounted for sliding movement through
the cover 107 and the aperture 29 in the parti-
tion 123 and extends through the are passage
121 so as to make contacting engagement with
the stationary contact assembly 11!5. Operation
of the contact rod 131 to open and closed circuit
positions may be accomplished by any suitable
mechanism.

The contact assembly {15 comprises a hollow
support 133 secured to the support ring {11 and
has a frusto-conical face 135 adjacent but spaced
from the lowermost plate 118 so as to provide
a radial flow passage 137. The conical face 135
of the support 133 has a centrally disposed open-
ing 133 through which the movakle contact rod
131 extends. Disposed within the hollow support
{33 are a plurality of guide members 141, only
one of which is shown, which extend radially
inwardly from the outer wall of the support 133
and terminate substantially in alisnment with
the opening (39. Disposed between the guide
members 141 are a plurality of yieldingly mount-
ed contact fingers 143, only one of which is shown,
each of which is biased radially inwardly by a
suitable spring 145 into contacting engagement,
with the contact rod 131. An arcing contact 147
of eylindrical form and substantially the same
diameter as the contact rod i3l and having a
plate-like base 14§ is slidably mounted in a guide
member 151 secured to the lower portion of the
hollow support 133. A spring {53 disposed be-
tween the lower portion of the guide member
181 and the plate 149 urges the arcing contact
{41 upwardly into engagement with the lower
end of the moving contact rod 131. Tt is thus
seen that as the contact rod 131 is moved up-
wardly, the arcing contact (47 will follow until
the plate 149 engages the guide members 141,
whereupon the continued movement upwardly of
the contact rod 13! will cause separation of the
rod from the arcing contact 147.

As the contact rod 131 is moved out of en-
gagement with the contact fingers 143, the arcing
contact 147 makes sliding engagement with these
contact fingers so as to transfer the electrical
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circuit from the contact fingers 143 to the arcing
contact 147 and then to the arcing tip of the mov-
ing contact rod 131 which is in abutting engage-
ment with the arcing contact 141. Thus, in the
closed circuit position an electrical circuit exists
in the interrupter from the contact rod 131 to
the main current carrying contact fingers (43
to the support plate 111, which may serve as one
of the terminals of the interrupter. The other
line terminal is not shown but may be of con-
ventional form connected in the usual manner
to the moving contact rod 131. The moving con-
tact rod 131 may also be serially connected with
an isolating break contact structure as, for ex-
ample, that disclosed in the application of A, J LA,
Peterson et al., Serial No. 311,652, filed December
29, 1939, and assigned to the assignee of this
application,

When the contact rod 181 is moved to the open
circuit position, the arcing contact (47 moves
upwardly o fill the opening {39 in the hollow sup-
port {33. The arcing contact 147 is of such
length that when it is in the open circuit position
the upper tip thereof is substantially flush with
the conical face 135 and forms g continuation of
the surface thereof.

The movable contact rod 131 is provided with a
piston 155 operative within the cylinder 123 for
moving arc extinguishing fluid during the circuit
opening operation. The cylinder 123 in this in-
stance also varies in diameter from one end
thereof to the other, that is, the inner diameter
at the lower end as shown at (57 is somewhat
greater than its diameter at 159 at the upper
end thereof. A plurality of openings 16{ at the
upper end of the cylinder 123 provide a flow pas-
sage from the cylinder through the annular
space 127 surrounding the cylinder to a passage
163 formed by tubular members extending
through the washers 117 and {19 which, in turn,
communicate with the annular flow passage 137
adjacent the contact assembly (15. Thus, dur-
ing a circuit interrupting operation movement of
the contact rod (31 upwardly out of engagement
with the stationary contact assembly (15 will
cause an arc to be established between the arc-
ing contact {47 and the lower tip of the rod (31.
This arc will be drawn upwardly into the arc
passage 121 and will be maintained substantially

' centrally of the passage by virtue of the central

position of the arcing contact 147
to the passage.

As explained in connection with Fig. 1, the
initial movement of the movable contact to open
circuit position does not initiate a flow of arc
extinguishing Aluid longitudinally of the arc until
a predetermined arc length has been established.
So, in the instant case, arc extinguishing fluid
is not circulated until the piston 155 moves
through the enlarged portion |51 of the eylinder
123 and engages the more restricted portion 159.

Upon reaching the constricted portion 159,
fluid will be moved from within the cylinder 123
through the openings 161 through the annular
space 121, the passage (63, the Dbassage 137 at
which the flow will be radial across the coniecal
face 135 towards the arc from whence the flow
is upwardly in surrounding relation with respect
to the arc. The lower portion of the moving
contact rod 131 or the portion which extends into
the arc passage (2] is preferably tapered so as to
conform to the tapered conformation of the arc
passage. Thus, as the contact rod i3] is moved
out of the arc passage 121, progressively greater
clearance between the rod and the side walls

with respect
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of the passdge is obtaineéd which permits a freer .

streaming of fluid between the rod and the walls
of the arc passage as the opening operation pro-
ceeds. This is an advantage in that as arcing
continues and the arc length increases, larger
guantities of arc gas are produced which must
be removed rapidly longitudinally of the arc in
order to maintain fresh unionized arc. extin-
guishing fluid in contact with the arc stream.

I aiso prefer to use a hollow contact rod 134
having a passage (65 longitudinally therecf. A
plurality of radial openings 61 just below the
piston 155 also permits a free flow of fluid and
arc gases through the passage 185 to the lower
side of the piston 155. Thus the pressure within
the arc chamber 121 reacting upon the piston
{55 assists in the opening movement of the con-
tact rod {31,

In the event that pressure within the arc
chamber 121 becomes excessive, vent openings
i69 disposed in the contact rod {31 provide a
means for relieving the pressure. Escape of fluid
from these vent openings is controlled by a valve
{11 biased to the closed position by a spring 173.
The spring 113 is so tensioned that the valve
{11 will not open until the moving contact rod
131 has.been moved toward the open circuit posi-
tion a distance sufficient to bring the venting
ports 169 above the partition member 125 so
that any fluid venting therefrom discharges into
the space above the aforesaid partition,

It will be apparent that upon further move-
ment of the contact rod 131 in the upward direc-
tion so that the exhaust ports 168 take a posi-
tion beyond the closure member {871, pressure
relief may be had through the ports 169 direct
to the atmosphere. A relief valve 173 is also pro-
vided in the partition 125 so as to relieve the
pressure in the annular space 127 in the event
this becomes excessive.. The valve {15 is so ar-
ranged that it permits flow in one direction only,
namely, from the annular space 121 to the space
above the partition 125, thereby preventing the
reverse flow of fluid in the event fluid is dis-
charged from the ports 189 during travel of these
ports through the space above the partition 125.
The chamber above the partition 125 is also
adapted to be vented through a relief valve i11
provided in the upper closure member 107.

The piston (55 maintains a continuous stream
of arc extinguishing fluid over the conical surface
135 of the stationary contact support 133 and lon-
gitudinally of the arc passage 121 following arc
extinction or until the piston 155 reaches the par-
tition member 125. In this respect the flow ac-
tion is similar to that previously described in con-
nection with the interrupter of Fig. 1 in that the
arc passage 121 is swept clear of deleterious prod-
ucts of arcing which, unless removed, would form
a partially conducting coating on the walls of the
arc passage, thereby subjecting the arc passage to
electrical breakdown.

Inasmuch as the moving contact rod 131 sub-
stantially completely closes the arc passage 121
when the contact is in the closed circuit position,
the flow passage 137 is thereby substantially com-
pletely closed. I have found that the provision
of a plurality of relatively small openings {19
through the walls of the movable contact rod 131
substantially in alighment with the passage 131
is beneficial in that it permits slight circulation of
arc extinguishing flud by convection as a result of
heating of the contacts by the current flow
through the contacts when the interrupter is in
the closed circuit position. This flow of fluid is
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sufficient to cool the contacts while. carrying heavy
load currents. .

. Although the interrupting structure as illus-
trated in Fig. 2 is particularly efficient in inter-
rupting high power electrical circuits when using
water as an arc extinguishing fluid, it is to be
understood that other arc extinguishing media,
either gaseous or liquid, may in some cases be
used: to advantage. It is also to be understood
that the interrupting unit, as shown in Fig. 2,
may be mounted within a weatherproof housing
similar to that shown in Fig. 1 when it is desired
to use the interrupter for outdoor service. Inthe
event that the interrupter is to beused for indoor
service, the interrupting unit may be used with-
out further housing structure as shown, and may
be supported upon a suitable framework attached
to a pair of support arms {81 extending from the
outer metal collar 109. It will be apparent that
the interrupting unit 21 of Fig. 1 could be ar-
ranged similarly as the interrupter shown in Fig.
2, thereby adapting it for indoor switching service.

It will also be apparent that any further specific
disclosure as shown herein is for the purpose of
jllustration and that changes and meodifications
may be made by those skilled in the art without
departing from the spirit and scope of the ap-
pended claims.

I claim as my invention:

1. In a circuit interrupter, a vessel containing
arc extinguishing fluid, means defining an elon-
gated arc passage immersed in said fluid, separ-
able contact means for establishing an arc in said
passage, means initiated after a predetermined

4 arc length and operative in accordance with

movement of said separable contact means for
moving a quantity of arc extinguishing fluid into
one end of said arc passage and longitudinally of
the arc, and means controlling the discharge of
fluid from the other end of said arc passages for
causing said fluid moving means to maintain fluid
surrounding the arc at a pressure sufficient to
prevent engagement of the arc with the walls de-
fining said arc passage.

2. In a circuit interrupter, a vessel containing
arc extinguishing fluid, means defining an elon-

-gated arc passage immersed in said fluid, a pair

of contacts at least one of which is movable for
establishing an arc in said arc passage, fluid mov-
ing means actuated after a predetermined arc
length by said movable contact and arranged for
moving a quantity of arc extinguishing fiuid into
one end of said arc passage and longitudinally of
the arc during the circuit opening operation, said
fluid moving means subjecting substantially the
entire length of said arc to an enveloping stream
of arc extinguishing fluid, and means providing
a vent for controlling the discharge of fluid from
the other end of said arc passage, said venting
means maintaining said enveloping fluid at a
pressure sufficient to prevent intimate contact of
the arc with the walls defining said arc passage.

3. In a circuit interrupter, a vessel containing
arc extinguishing fiuid, a stationary contact
member, a coacting contact member movable to
establish an arc of substantial length between
said contact members, means for entrapping arc
extinguishing fiuid along the arc path hetween
said contact members, venting means adjacent
one end of said arc path open at least during the
circuit interrupting operation, and fluid moving
means initiated after a predetermined arc length
and operative in accordance with the position of
said movable contact member for moving a quan-
tity of arc extinguishing fluid from the other end
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of said arc path longitudinally thereof toward
said venting means.

4. In a circuit interrupter, a container hav-
ing arc extinguishing fluid therein, means of in-
sulating material defining an elongated arc pas-
sage, sald arc passage being normally open at each
end, a stationary contact adjacent one end of said
arc passage, a substantially closed chamber ad-
jacent the other end of said arc passage, an elon-
gated contact member extending through said
chamber and movable through said arc passage
into and out of engagement with said stationary
contact, means providing a bassage from said
chamber to said arc passage, and a piston in said
chamber operatively connected to said movable
contact member for causing an enveloping flow of
fluid about said arc and longitudinally through
said -arc passage during an opening movement of
said movable contact member.

5. In a circuit interrupter, a vessel having arc
extinguishing fluid therein, an elongated arcing
chamber having a fluid entrance at one end and
a vent opening at the other, a tubular stationary
contact adjacent the vented end of said arcing
chamber, a cooperating contact movable through
said arcing chamber to establish an arc therein,
a second chamber adjacent said arcing chamber,
4 passage connecting said chambers, and a pis-
ton operative in said second chamber and actu-
ated by said movable contact to move arc extin-
guishing fluid longitudinally of the arc in said
arcing chamber to expel the products of arcing
through said tubular contact and said vent
opening, said piston maintaining a longitudinal
flow of fluid about said arc of velocity sufficient
to move one terminal end of the arc to the dis-
charge side of said tubular contact, the side walls
of said second chamber being so arranged with
respect to said piston that the latter is inoper-
ative to move arc extinguishing fluid until a pre-
determined contact separation has taken place
within said arcing chamber.

6. In a circuit interrupter, a vessel having arc
extinguishing fluid therein, an elongated arcing
chamber having a fluid entrance at one end
and a vent opening at the other, a stationary

contact adjacent the vented end of said arcing-

chamber, a cooperating contact movable through
said arcing chamber to establish an arc therein,

a cylinder communicating with said arcing :

chamber, and a piston operative within said cyl-
inder and movable by and in accordance with
said movable contact to establish a flow of arc
extinguishing fluid longitudinally of the arc in
saild arcing chamber, said cylinder providing a
variable clearance with respect to said piston
50 as to render the piston inoperative to estab-
lish said flow of arc extinguishing fluid until a
predetermined contact separation has been ob-
tained in said arcing chamber.

7. In a circuit interrupter, a vessel having arc
extinguishing fluid therein, means defining an
elongated arc passage, a stationary contact at
one end of said arc passage, a closure for the
stationary contact end of said arc passage, said
closure having a vent opening therethrough in
axial alignment with said arc passage, a coact-
ing movable contact movable in said arc passage
to establish an arc therein, and a piston actu-
ated by said movable contact to establish a flow
of arc extinguishing fluid longitudinally of the
arc, said vent opening cooperating with said pis-
ton to maintain a streaming envelope of fluid
about the arc at a pressure sufficient to sweep
off their respective contact surfaces.
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8. In a circuit interrupter, a vessel having are
extinguishing fluid therein, means at least par-
tially of insulating material defining an elongat-
ed arc passage of generally circular cross-sec-
tion, a stationary contact of tubular form at
one end of said arc passage, a coacting contact
member movable to establish an arc in said arc
passage, a piston actuated by said moving con-
tact to establish a flow of arc extinguishing fluid
Iongitudinally of the arc, and a closure for the
stationary contact end of said arc passage hav-
ing a vent opening therethrough in axial align-
ment with said stationary contact and said arc
passage, said vent opening being so positioned
with respect to said stationary contact that it
assists the streaming arc extinguishing fluid in
maintaining the arc centrally positioned within
said arc passage.

9. In a circuit interrupter, a vessel containing
arc extinguishing fluid, means defining an elon-
gated arc passage within said vessel, a station-
ary contact at one end of said arc passage, a co-
acting contact member movable to open and
closed circuit positions, a piston chamber having
a fluid connection with said arc passage, said
movable contact member extending through said
piston chamber and having a piston operatively
secured thereto, and operating means for actu-
ating said movable contact member and piston
to the open circuit position to establish an arc
in said arc passage and subject it to a longitu-
dinal flow of arc extinguishing fluld, said mov-
able contact member having a passage there-
through connecting said arc bassage with the
back side of said piston to cause the arc pressure
within said arc passage to assist said piston in
moving fluid through said fluid connections to
said arc passage,

10. In a circuit interrupter, a vessel contain-
ing arc extinguishing fluid, means defining an
elongated arc passage within said vessel, a sta-
tionary contact at one end of said arc passage,
a coacting contact member movable to open
and closed circuit positions, a piston chamber
having a fluid connection with said arc passage,
said movable contact member extending through
said piston chamber and having a piston oper-
atively secured thereto, and operating means for
actuating said movable contact member and pis-
ton to the open circuit position to establish an
arc in said arc passage and subject it to a lon-
gitudinal flow of arc extinguishing fluid, said
movable contact member having a passage
therethrough connecting said arc passage with
the back side of said piston to cause the arc pres-
sure within said arc passage to assist said piston
in moving fluid through said fluid connections to
said arc passage, and means operative in re-
sponse to pressure within the passage in said
movable contact member for establishing a vent
opening from said passage to the exterior of said
vessel,

11, In a circuit interrupter, means defining an
elongated arc bassage, stationary contact means
including a hollow support, said hollow support
having a frusto-conical face provided with a cen-
tral opening in alignment with said arc passage,
said conical face being spaced from the end of
said arc passage, a movable contact rod opera-
tive in said arc passage and having one end
thereof extending into said opening when in the
closed circuit position, stationary contact mem-
kers in said hollow support biased toward said
contact rod, an arcing contact having an arcing
tip coacting with said contact rod and biased for
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movement with said contact rod during the
opening movement thereof, said arcing contact
filling said opening and terminating with its
arcing tip substantially flush with said conical
face upon movement of said contact rod to the
open circuit position, and means for moving a
quantity of arc extinguishing fluid radially across
said conical face toward said arcing tip and then
Jlongitudinally of said arc passage to completely
surround an arc drawn between said arcing tip
and contact rod with streaming arc extinguish-
ing fluid. .

12. In a circuit interrupter, means defining
an elongated arc passage, a stationary contact
at one end of said passage, means for venting
said arc passage at the other end thereof, a co-
acting movable contact operative through said
arc passage, and means for actuating said mov-
able contact to the open circuit position to es-
tablish an arc in said passage, said arc passage
increasing in cross-section in'a direction away
from said stationary contact to provide a vent-
ing space about said moving contact -for the
products of arcing that increases in cross-sec-
tion as the arc increases in length.

13. In a circuit interrupter, means defining
an elongated arc passage, a stationary contact
at one end of said passage, means for venting
said arc passage at the other end thereof, a co-
acting movable contact operative through said
arc passage, and means for actuating said mov-
able contact to the open circuit position to es-
tablish an arc in said passage, said arc passage
increasing in cross-section in a direction away
from said stationary contact to provide a venting
space about said moving contact for the products
of arcing that increases in cross-section as the
arc increases in length, said movable contact sub-
stantially filling said arc passage when in the
closed circuit position and having a passage
therethrough to provide an additional vent for
the products of arcing from said arc passage.

14. Tn a circuit interrupter, means defining
an elongated arc passage, a stationary contact
at one end of said passage, means for venting
said arc passage at the other end thereof, a co-
acting movable contact operative through said
arc passage, said movable contact being tapered
in & direction toward said stationary contact
and means for actuating said movable contact to
the open circuit position to establish an arc in
said passage, said tapered portion of said mov-
able contact providing a venting space between
the walls of said arc passage and said movable
contact which increases in cross-section in ac-
cordance with movement of the movable con-
tact away from said stationary contact.

15. In a circuit interrupter, a vessel contain-
ing arc extinguishing fluid, means defining an
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elongated arc passage within said vessel, a tubu- gg

lar stationary contact at one end of said arc pas-
sage, a coacting tubular contact member movable
to open and closed circuit positions, a piston
chamber having a fluid connection with the other
end of said arc passage, said movable contact
member extending through said piston chamber
and having a piston operatively secured there-
to, and operating means for actuating said mov-
able contact member and said piston to the open
circuit position to establish an arc in said arc
passage and subject it to a longitudinal flow of
arc extinguishing fluid, said piston subjecting
said fluid to a pressure sufficient to cause the
terminal ends of the arc to be moved respectively
towards the discharge ends of said tubular sta-
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tionary contact and said tubular moving contact
member,

16. In a circuit interrupter, a vessel containing
arc-extinguishing fluid, means defining an elon- -
gated arc passage within said vessel, a tubular
stationary contact at one end of said arc passage,
a coacting tubular contact member movable to
open and closed circuit positions, a piston cham-
ber having a fluid connection with said arc pas-
sage, said movable contact .member extending
through said piston chamber and having a piston
operatively secured thereto, and operating means
for actuating said movable tubular contact mem-
ber and said piston to the open circuit position
to establish an arc in said arc passage and sub-
ject it to a longitudinal flow of arc-extinguishing
fluid, the passage through said movable tubular
contact member connecting said arc passage with
the back side of said piston to cause the arc
pressure within said arc passage to assist said pis-
ton in moving fluid through said fluid connection
to said arc passage, said piston subjecting said
fluid to a pressure sufficient to cause the terminal
ends of the arc to be moved respectively towards
the discharge ends of said tubular stationary con-
tact and said tubular moving contact member.

17. In a circuit interrupter, means defining an
elongated corrugated arc passage, a tubular sta-
tionary contact adjacent one end of said arc
passage, a coacting movable contact member,
means for actuating said movable contact mem-
ber to the open circuit position to establish an
arc within said arc passage, and piston means
for moving arc-extinguishing fluid within said
arc passage longitudinally of said arc and to-
ward said tubular stationary contact, at least
part of said arc-extinguishing fluid discharging
through said tubular stationary contact during
a circuit opening operation of said circuit inter-
rupter.

18. In a circuit interrupter, means defining an
elongated corrugated arc passage, a tubular sta-
tionary contact adjacent one end of said arc
passage, a coacting movable tubular contact
member, means for actuating said movable tubu-
iar contact member to the open circuit position
to establish an arc within said arc passage, and
means for moving arc-exinguishing fluid within
said arc passage longitudinally of said arc, at
least part of said arc-extinguishing fluid - dis-
charging through both said tubular stationary
contact member and said movable tubular con-
tact member.

19. In a circuit interrupter, means defining an
elongated arc passage, a stationary contact dis-
posed adjacent one end of said arc passage, a
coacting movable contact member movable with-
in said arc passage, operating means for actu-
ating said movable contact member to the: open
cireuit position to establish an arc within sald arc
passage, means for moving arc-extinguishing
fluid within said arc passage longitudinally of
said arc to effect the extinguishment thereof, an
arcing contact disposed adjacent the stationary
contact end of said arc passage, said arcing con-
tact supporfed for limited movement axially of
said arc passage during the initial portion of the
cireuit opening operation, at least one of said
contacts having a passage therethrough, and at
least part of the discharge of said arc-extinguish-
ing fluid from said arc passage taking place
through said passage during a circuit opening
operation.

20. In & circuit interrupter, an arcing cham-
ber, a stationary contact, a movable contact
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member, an arcing contact member cooperating
with said stationary contact and mounted for
limited movement in the direction of movement
of said movable contact member, said arcing
contact member and said stationary contact en-
gaging sald movable contact member in the
closed circuit position of said interrupter, said
arcing contact member moving relative to said
stationary contact and following the initial move-
ment of said movable ccntact member to draw an
arc between said movable contact member and
said arcing contact member during a circuit
cpening operation, means for extinguishing said
drawn arc by the use of an arc-extinguishing
fluid, said arc-extinguishing fuid discharging
from said arcing chamber largely through a pas-
sage provided in at least one of said contact
members.

21. In a circuit interrupter, an arcing cham-
ber, a stationary contact, a coacting movable
contact, an arcing contact cooperable with said
stationary contact and adapted for limited motion
in the direction of movement of said movable
contact, said movable contact engaging both
said stationary and said arcing contacts during
a closed circuit position of said interrupter, said
movable contact separating from said stationary
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contact before separating from said arcing con-
tact to draw an arc between said movable and
arcing contacts during a circuit opening opera-
tion of said interrupter, means for extinguishing
sald drawn arc by the utilization of arc-extin-
guishing fluid, said arc-extinguishing fluid at
least in part discharging from said arcing cham-
ber through a passage provided in said movable
contact.

22. In a circuit interrupter, a container hav-
ing arc extinguishing fluid therein, stationary
means of insulating material defining an elon-
gated arc passage, said arc passage being nor-
mally open at each end, a stationary contact
adjacent one end of said arc passage, a substan-
tially closed chamber adjacent the other end of
said arc passage, an elongated contact member
extending through said chamber and movable
through said arc passage into and out of engage-
ment with said stationary contact, means pro-
viding a passage from said chamber to said arc
bassage, and a piston in said chamber opera-
tively connected to said movable contact mem-
ber for causing a flow of fluid longitudinally
through said arc passage during an opening
movement of said movable contact member.
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