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Our invention relates to compressed-air cir-
circuit-breakers, and it has particular relation
to the interrupter part of a self-opening, single-
column, longitudinal-blast circuit-breaker hav-
ing two contacts in series.

Heretofore, various types of compressed-air
circuit-breakers have given an excellent account
of themselves, both in this country and abroad,
by reason of considerations of their safety, con-
tinuity of service, and reduced maintenance.
These breakers, in the past, have been very great-
ly handicapped, however, by reason of their rels-
tively high cost, and a considerable complexity
of construction.

Our invention is the culmination of a design-
development in which we have produced an ex-
tremely simple, practical, and inexpensive form
of interrupter-assembly, which constitutes a spe-
cific detail or improvement of the subject matter
of a copending application, of Benjamin P. Baker
and Howard M. Wilcox, Serial No. 73,515, filed
January 29, 1949, and now abandoned, which
covers the general assembly of a compressed-air
breaker which is mounted with an insulating
blast-tube extending up from the top of a com-
pressed-air reservoir, and having an extension
of the blast~-tube extending down inside of the
tank and terminating in a blast-valve disposed
at the bottom of the tank, and having a single-
column multi-gap air-blast arrester-assembly
mounted at the top of the insulating tube.

Our present invention relates to a practical
form of the interrupter-assembly, for this com-
bination, in which a novel, removable, double-~
ended, moving-contact assembly carries not only
the moving arcing contacts, but also the cluster
of segmental contact-fingers which constitute
the main contacts. Our invention relates to an
assembly in which these main and arcing con-
tacts can be compressed or retracted toward each
other, and in that state moved laterally out of
@ box-like holder, thereby exposing the tips of
the two stationary contacts between which the
double-ended moving-contact assembly is nor-
mally inserted. This makes it possible to service
both the stationary contacts and the moving con-
tacts. The use of the cluster of main contact-
segments, in addition to the arcing contacts,
makes possible the design of our assembly for a
full-load line-current in excess of 2000 amperes.

Another object of our invention is to provide
a special design of breaker, with two gaps, or
sets of contacts, in series with each other, one
gap being shunted by a shunting impedance, and
the other gap being designed so that there is a
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delay in the time at which this second gap re-
ceives g sufficient compressed-air pressure for
separating the gap-contacts, so that the fault-
current is first partially interrupted by the first-
acting gap, and thereby transferred to the shunt-
ing impedance, which very considerably reduces
the magnitude of the current which has to be
finally interrupted by the second-operating gap.
The two gaps are preferably differently designed,
so as to advantageously handle the different cir-
cuit-interrupting duties which are imposed
thereon, as will be subsequently described. By
this means, we are enabled to interrupt currents
up to 37,000 amperes at 44,000 volts, correspond-
ing to 4.9 million-kilovolt amperes on a 3-pole,
69-kilovolt breaker, with a total circuit-inter-
rupting time, from the first energizing of the
trip-coil to the final interruption of the current
flowing through the shunting impedance, rang-
ing from 2.3 to 3.3 cycles, on a 60-cycle line.

A further object of our invention is to pre-
vide a novel double-gap interrupter-assembly of
the class described, having two exhaust-cham-~
bers which materially contribute to the success
of the functional operation of the device, as will
be subsequently explained.

A more specific object of our invention is to
brovide a novel structure of the hollow longi-
tudinal-blast stationary-electrode, having a spe-
cial perforated arc-terminal device supported
centrally therein at a point spaced slightly back
from. the orifice in the tip of said stationary elec-
trode.

With the foregoing and other objects in view,
our invention consists in the combinations, as-
semblies, systems, structures, parts, and meth-
ods of design and operation, hereinafter de-
seribed and claimed, and illustrated in the ac-
companying drawing, wherein Figure 1 is a side
elevational view, partly in section, and largely
diagrammatic, not to scale, indicating the gen-
eral principles of our invention as applied to a
single-pole assembly, Fig. 2 is a side elevational
view of the moving-contact assembly, removed
from the circuit-breaker, and Pig, 3 is a longi-
tudinal sectional view of the interrupter-assem-
bly, showing the impedance-shunted contacts in
their open, arcing condition, while the other con-
tacts are still closed, with a diagrammatic in-
dication of the shunting impedance.

Figure 1 shows a single pole of a compressed-
air breaker-assembly embodying our invention.
It is to be understood, however, that our inven-
tion is often or usually applied to a three-phase
power-system, in which case each pole would
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consist of the structure as shown in Fig. 1, ex-
cept that a single operating-mechanism may be
used for gang-operation of all three poles, and
possibly also a single compressed-air tank might
be used for supporting the blast-tubes of all
three poles.

Each pole of the breaker preferably has its
own compressed-air tank or reservoir i, which
is made of steel, and which serves also as a sup-
porting-structure for the rest of the assembly.
We provide a vertically disposed, insulating,
blast-tube 2 which extends upwardly above the
top of the tank and is supported by the tank.
Inside of the tank, there is a vertically disposed
tube-means 3, which is in alignment, and air-
flow communication, with the bottom of the
blast-tube 2, so that said internal tube-means
3 serves, in effect, as a blast-tube ‘extension
which extends downwardly, within the tank, to
3, point near, but spaced from, the bottom of the
tank, as indicated at 4. Physically, this blast-
tube extension, inside of the tank, could be a
part of the insulating blast-tube 2, which could
be made long enough to extend down to the point
4 near the bottom of the tank, but actually, it
is more convenient to make the internal tube-
means 3 out of iron or steel which is welded or
otherwise properly secured within the tank {.
Also, in a practical construction, it would be
possible for the internal tube-means 3 to com-
prise the top part of an internal tube which
physically extends from the top of the tank all
the way down to the bottom of the tank, but
which is provided with side-openings at the ef-
fective tube-bottom 4, so that said tube-means
would be intact, as a tube, only above the point 4.

Disposed within the tank |, under the bottom
4 of the tube-means 3, is a blast-valve B, which
is accessible and operable from the bottom of the
tank., The blast-valve § is preferably a differ-
ential-pressure valve, having a vertically movable
inverted-cup member 6, which is pressed up, by
a, compression-spring 7, into tight seating-en-
gagement with the bottom end 4 of the tube-
means 3, as claimed in the aforementioned Baker-
Wilcox application. The compression-spring 7
acts as a weak closing-spring, which does not
exert enough pressure to close the valve against
the air-pressure in the tank {, which may be at
something of the order of 250 pounds per square
inch. Normally, the blast-valve 5 is held closed
by being supplied, from underneath, with air at
the same pressure as the air in the tank I, as by
means of g valve-controlling pipe 8, which is in
communication with the underside of the mov-
able inverted cup 6, so that the valve is thus
held closed. The valve is opened by releasing
the air-pressure which is applied by the valve-
controlling pipe 8, thus permitting the air-pres-
sure within the tank to push down the inverted
cup 6, thus permitting air to rush, in large quan-
tities, upwardly through the internal tube-means
3 and through the insulating blast-tube 2.

On top of the insulating blast-tube 2, we mount
a single-column interrupter-assembly 10, which
is preferably supported in a vertical position, in
alignment with the blast-tube 2, and which is
physically supported solely, or substantially en-
tirely, by the blast-tube, so as to be electrically
insulated from ground by said blast-tube. This
single-column interrupter-assembly comprises a
plurality of vertically aligned, self-opening, longi-
tudinal-blast interrupter-gap devices 11 ang 12,
two such gap-devices being used on a 69-kilovolt
breaker as illustrated. These gap-devices 11 and
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{2 are electrically connected in series, so that the
current-flow, in the normal closed position of the
breaker, is from the top 13 of the interrupter-
assembly 18 to the bottom {4 thereof, a suitable
line-terminal 18 being provided at the top I3.
Each interrupter-gap device It and 12 comprises
a stationary contact-member {1S or {23, as the
case may be, and a vertically movakle contact-
member {{M or 12M, as the case may be. The
two movable contact-members { {M and 2M are
normally biased toward closed position by means
of biasing-springs {I{B and (2B respectively.

In the construction which is very much pre-
ferred, the first staticnary contact-member (S
is at the bottom (4 of the interrupter-assembly
10, and is integrally or electrically united with a
lower exhaust-chamber (§, which is made of
metal. The stationary contact-member (IS is
hollow, and extends down into the lower exhaust-
chamber {8, as shown at {§’,

In the preferred construction, the two movable
contact-members i{M and 12M are mounted
within a metallic moving-contact assembly or
housing (7 which is in the form of two concentric
cylinders, namely ah inner cylinder {ii and an
outer cylinder {To, so as to provide an annular
space or an enclosed interrupting chamber I7s
between these cylinders, through which the air-
blast may pass.

The moving-contact housing {7 is vertically
spaced from the lower exhaust-chamber {6 by
means of an insulating tube 8, which supports
the outer cylinder {70, and which is larger than
the lower stationary contact-member 118, so as
to provide an annular space I8s therearound,
through which the air-blast may pass. In order
to guide the air-blast from the blast-tube 2 into
the annular space {8s, the lower exhaust-cham-
ber 18 is provided with a funnel-like air-guiding
duct {8, which is spaced from the lower end 16*
of the lower stationary contact-member {18, so
as to provide an annular space {9s through which
the air-blast may pass, in moving upwardly from
the blast~tube 2 into the annular gpace (8s.

The upper stationary contact-member 12S is
integrally or electrically united with an upper
exhaust-chamber 20, which is similar to the
lower exhaust-chamber 18, except that it lacks
the funnel or duct {8 for carrying the blast-air
upwardly on through the upper exhaust-chamber
20. The upper stationary contact-member {28
is likewise of hollow construction, and its upper
end is in communiecation with the space within
the upper exhaust-chamber 20. " This upper ex-
haust-chamber 2§ is supported on the top end
of an insulating tube 21, which is similar to the
tube 18, except that the lower end of the top
insulating tube 2! rests on top of: the outer cyl-
inder {70 of the moving-contact housing 17.
This upper insulating tube 21 is also larger than
the upper stationary contact-member {28, so as
to provide an annular space 21s which forms a
closed upper end for the blast-air, as this blast
initially moves upwardly through the interrupter-
assembly {0. :

In the construction which is very much pre-
ferred, as illustrated, the upper end of the lower
stationary contact-member i8S, and the lower
end of the upper stationary contact-member {2S.
are each provided with a centrally disposed ori-
fice 22, which is normally closed by the cooper-
ating movable contact-member (1M or 12M, as
the case may be. The configuration of these
movable contact-members {IM and i2M is such
that the pressure of the blast-air operatés on
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thesé movable contact-members [IM and 12M
to press them back away from their respective
stationary contact-members {{S and {28, thus
making the gap-devices {1 and 12 self-opening,
that is, making them open automatically, by
themselves, as soon as a sufficient gas-pressure is
built up in the spaces around them, without re-
quiring any other device, not a part of the mov-
ing-contact assembly 17, for causing a separat-
ing-movement of the movable contact-members
{{M or 12M. This opening-movement of the
movable contact-members (IM and (2M draws
arcs between said members and their associated
stationary contact-members 1S and (28, re-
spectively, thus initiating a circuit-interrupting
operation of the breaker.

As soon as each movable contact-member ({M
or {2M moves away from its normal contact-mak-
ing engagement with the end of its associated sta-
tionary contact-member (1S or 128, as the case
may be, it uncovers the orifice 22 in the hollow
stationary contact-member 1S or 128, thus per-
mitting a blast of air to move longitudinally, or
in a vertical direction, through the orifice 22 and
thence through the hollow stationary contact-
member {IS or {28, and thus acting powerfully
to extinguish the arc between the movable and
stationary contact-members. The upper end of
the hollow upper stationary contaci-member
128 dumps its air directly into the upper ex-
haust-chamber 20, and the lower end of the
lower hollow stationary contact-member 113 ex-
hausts its blast of air into fhe lower exhaust-
chamber {6 by means of a plurality of tubular
openings 23, which pass through the lower end
16’ of the hollow lower stationary contact-mem-
ber 118, and also through the funnel or duct 18
in the lower exhaust-chamber (6.

These upper and lower exhaust-chambers 20

and {6 thus provide an expansion-space in which .

the longitudinally moving gir-blasts within the
two stationary contact-members IS and {28
may accumulate during the brief time which is
required for a complete circuit-interruption. It
may take the blast something like Y4 cycle, (as-
suming a 60-cycle line), before the arcing-con-
tacts begin to separate, and then g time some-
thing like 34 cycle for the maximum contact-
separation to be achieved. Then the arc may
hang on for an additional time which may be
slightly longer than the longest current-flow pe-
riod or hali-cycle which could be expected under
asymmetric-wave conditions. It is desirable for
the arc to be interrupted at or before the first
important current-zero, (or sometimes possibly

the second one), after full contact-separation

has been achieved, disregarding, (as unimportant
from an arc-interrupting standpoint), any cur-
rent-zero which may occur very soon after full
contact-separation is obtained. Then it is de-
sirable to prevent a restriking of the arc on the
next half-cycle, and to this end it is necessary to
have z large quantity of air-movement, a high
air-velocity, high turbulence, and cooling, or a
combination of these factors. And then, in sub-
sequent half-cycles, it is desirable to continue to
have g suffcient dielectric strength of the air in
the arcing-gap, so as to prevent any subsequent
arc-restriking, and for this purpose, the air-
pressure of the once-deionized and cooled gap-
air is of service in providing dielectric strength
to prevent a later breakdown of the gap.

our upper and lower exhaust-chambers 20 and
16 provide the gas-pressure in the gap-space.
The initial blast must be maintained until at
least the first (or second) important current-
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zero after full gap-separation has béen reached,
but when the back-pressure in these exhaust-
chambers reaches as much as something like
50% of the pressure at the high-pressure side of
the orifice or arcing-gap, the blast no longer
travels at approximately the speed of sound, but
begins to slow down. The size of the exhaust-
chambers {6 and 20 should be such, therefore,
that this 50% air-pressure should not be built
up therein until after the above-mentioned im-
portant current-zero. To provide s reasonable
factor of safety, we prefer. to have this 50% pres-
sure oceur within about 2% cycles after the open-
ing of the blast-valve 5.

However, it is important that these exhaust-
chambers 16 and 20 should be present, and that
they should develop an important back-pressure
after said period of 2% cycles or the like, and
it is important that these exhaust-chambers
should be able to hold their back-pressures for
a few half-cycles, or until a serially connected
isolating-switch 26 can be opened, as will subse-
quently be described. During this time, when a
substantial back-pressure is being held in the
exhaust-chambers 16 and 20, the blast-valve 5
must be kept open, as will readily be understood.

The air which accumulates in the two exhaust-
chambers 16 and 20 is cooled, in these chambers,
and is slowly dissipated to the atmosphere,
through suitable exhaust-openings 24, which
are provided in each of the exhaust-chambers
16 and 20, and which may be provided with any
desirable muffling or sound-deadening or flame-
extinguishing means (not shown), as is well un-
derstood in the compressed-air circuit-breaker
art.

Since the movable contact-members (1M and
{2M are opened by the air-pressure which is
exerted by a large body of fast-moving air, in a
blast which moves at a velocity approximating
the velocity of sound, it is impractical to sustain
such a large movement or blast of air for any
considerable length of time. It is necessary,
therefore, to close the blast-valve 5 very quickly
after it is opened, so as to conserve the high-
pressure air or gas which is stored in the tank or
reservoir . Consequently, after a circuit-inter-
rupting operation by the isolating-switch 26, the
blast-valve § is reclosed, and therefore the two
movable contact-members {IM and {2M close
again into contact with their respective station-
ary contact-members {18 and 128, so that these
contact-members thereafter remain closed
throughout the time when the eircuit should re-
main interrupted. It is necessary, therefore, as
in the case of previously known self-opening,
longitudinal-blast, orifice-type circuit-breakers,
to provide the previously mentioned isclating-
switch 26 which is electrically connected in series
with the interrupter-assembly {8.

We also provide a second vertically disposed
insulating column 27, which is spaced from the
blast-tube 2, and which also extends upwardly
above the top of the tank i, so that it is supported
by the tank, although it is not in pneumatic
communication with the air within the tank |{.
This second insulating column 27 is surmounted
by a metal terminal-member 28, which is pro-
vided with a line-terminal 29, so as to provide
the second line-terminal of the breaker-assem-
bly, the first line-terminal being the terminal 15
at the top of the interrupter-assembly 18. The
isolating-switch 26 is movable so as to close or
open an electrical circuit between this metal ter-
minal-member 28 at the top of the second in-
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sulating column 27, and the bottom 14 or 6 of
the interrupter-assembly (0 which is mounted
at the top of the insulating blast-tube 2. In the
illustrated construction, the isolating switch 26
is pivotally connected to the lower exhaust-
chamber 16, as indicated at 30, and its free end
is movable into and out of contact with suitable
contact-fingers 3i carried by the metal termi-
nal-member 28.

It is also a feature of the type of breaker to
which our invention is applicable, that an op-
erating-mechanism is- provided, as diagram-
matically indicated at &8, in a location which is
on, or close to, the tank I, and which is at sub-
stantially the same electrical potential as the
tank, which would normally be grounded. Thus,
this operating-mechanism 33 is physically and
electrically at the ground-level, which is of con-
siderable advantage from the standpoint of the
amount and size of the equipment which must
be insulatedly supported, up in the air, as by the
two insulating supporting-columns 2 and 27.
The operating-mechanism 33 is operatively joined
to the switch 26 through an insulating switch-
operating rod 234, for opening and closing the
isolating-switch 26.

The operating-mechanism 33 may be controlled
in any desired manner, so that it will open the
isolating-switch 28, and lock it open, after the
completion of the arc-interruption during the
opening-operation of the interrupter-assembly
16, and before the two movable contact-members
{{M and (2M are spring-closed again, after a
reclosure of the blast-valve 5. In the particular
design illustrated, the operating-force, and the
timing, for the operating-mechanism 33 are both
provided by a small tube or pipe 35, which is in
communication with the lower end of the insu-
lating blast-tube 2, or the upper end of the inter-
nal tube-means 3 in the tank 1. When the blast-
valve § first opens, the air or blast is moving
upwardly very rapidly in the blast-tube 2, so that
its static air-pressure is relatively small. This
blast travels upwardly, at a velocity approxi-
mating the velocity of sound, until its upward
movement is halted, by the top of the upper
annular space 21s, or otherwise, and then pres-
sure begins to be built up in this blast-air space,
serving first to open the two movable contact-
members 1IM and 12M, after which said air-
pressure builds back downwardly, until the level
of the top of the tank 1 is reached, at which
time a sufficient air-pressure is applied, through
the tube 25, to begin to initiate the operation of
the operating-mechanism 38. The inertia of the
operating-mechanism 33, the insulating connect-
ing rod 34, and the isolating switch 26 is such
that the isolating-switch 26 breaks its contact
with the contact-fingers 3! after the arcs have
been interrupted by the longitudinally flowing
gas-blast in the two interrupter-gap devices i1
and 12,

The specifiec construction of our novel double-
gap single-column interrupter-assembly 10 is
shown in Fig. 3, which represents a preferred
form of embodiment, for illustrative purposes.
The outer cylinder 7o of the moving-contact
assembly or housing 17, which was shown in
Pig. 1, is shown, in Fig. 3, as a stationary open-
sided, open-ended box-like housing-member hav-
ing integrally cast, ring-shaped, top and bottom
members 1T and 118, which provide the abut-
ment-members for the upper and lower insulat-
ing-tubes 21 and {8, respectively. Two- opposite
sides, or quadrants, of the cylindrical part 170
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of this housing {1 are open, as shown in Fig. 3,
the right-hand open side being closed by a cover
17C, while the left-hand open side is closed by
a flange 36 of a removable contact-supporting
casting 37 which has a cylindrical part 38 which
is substantially coaxial with respect to the insu-
lating tubes 18 and 21 of the interrupter-assem-
bly. This cylinder part 28 corresponds to the
outer surface of the inner cylinder {7 in Fig. 1.
Fixedly but removably secured, in coaxial
spaced relation within the cylindrical part 38
of the removable contact-supperting casting 217,
is a copper-alloy contaci-carrying sleeve or cylin-
der 39, which corresponds to the inner surface
of the inner cylinder 1{7i in Fig. 1. Thus, the
space outside of the cylindrical part 38 of the
removable casting 37, is the annular air-blast
space or enclosed interrupting chamber I7s, as
described in connection with Fig. 1, while the
space inside of the contact-carrying sleeve 39 is
occupied by the upper and lower movable arcing-
contact members i23% and ${M, and their bias-
ing-springs (2B angd {{R, respectively. The
coprev-allioy convact-carrying sieeve 39 thus
carries the current between the upper and lower
moving arcing-contacts {2M and {{M. The con-
tact-carrying sleeve 29 is smaller, in diameter,
than the cylindrical part 38 of the removable cast-
ing 3%, so that there is a space £0 therebetween.
The contact-carrying sleeve 39 is held fixedly in
position, by means of a sort of flanged and
grooved bayonet-joint &1, which is held, in assem-
bled position, by a suitable set-screw £2.
" Disposed within the space 4§ between the two
cylindrical parts 233 and 28 of the removable
moving-contact assembly, we show upper and
lower annular finger-cases or contact~holders
43U and 43L, respectively, which house upper
and lower main moving contacts 46U and 441,
respectively, which consist of clusters of copper-
alloy segments which are held in said contact-
holders so as to form seif-contained units. These
contact-holders 43U and 43L are pressed out-
wardly or away from each other, by means of

- springs 48U and 45L, respectively, which nor-

mally cause the tips of the main contact-fingers
44U and 44L to be pressed into engagement with
the ends of the respective stationary contact-
members 128 and {1S.

Each of the main contact-fingers 44U and &4L
is provided with two springs, namely a radially
operating spring 46 and a longitudinally operat-
ing spring 4%. The radially operating spring 48
presses -a side of the front end of the finger
into good contact~-making, sliding, engagement
against the outer cylindrical surface of the mov-
able arcing-contact member 12M or {{M, as the
case may be. At the same time, said radial
spring 45 also presses a side of the rear end of
the contaci-finger against the outer surface of
the contact-carrying sleeve 38. The longitudi-
nally operating spring 47 is mounted in. the rear
end of each of the contact-fingers 44U and 44L,
50 as to Individually press each finger longitu-
dinally or axially toward the end of the cor-
responding stationary contact-member {28 or
113, as the case may be, so that each finger makes
an individual spring-pressed contact-engagement
with the associated stationary contact-member,
regardless of any irregularity or lack of paral-
lelism in either the contact-surface of the sta-
tlonary contact-member 125 or {iS, or the
finger-case 43U or 43L.

The top or upper finger-case or contact holder
43U has an outwardly extending flange 56 which
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extends partway into the lower part or mouth of
the upper insulating tube 21, or into the opening
in the top plate {1T of the moving-contact hous-
ing 17, so as to provide a restricted annular space
51, when the upper contacts are in their closed
position, as shown in Fig. 3. Thus, when the
blast-valve 5 (Fig. 1) opens, compressed air rap-
idly fills the annular space A around the bottom
contacts 44L, in Fig. 3, and also ths space B
under the flange 88 of the top contact-holder
43U. Air-flow to the space C surrounding the
upper contacts 44U is restricted by this flange
50, so that the air-pressure in this upper space C
builds up more slowly than the air-pressure in
the intermediate space B. As a result, the top
contact-holder 43U is initially forced upwardly,
by the inrushing air, so that the upper contacts
447 remain tightly closed.

When the upward inrush of air, resulting from
the opening of the blast-valve 8 in Fig. 1, is halted
by the flange 50, the air-pressure begins to build
up, starting with the intermediate space B under
this flange, and backing on downwardly to the
space A which surrounds the lower contacts 44L.
This air-pressure in the space A quickly reaches
a, value sufficient to force the lower finger-case
or contact-holder 43L upwardly against the force
of its spring 45L. When the lower contact-
holder 43I. has moved but a short distance, it
makes a hook-connection with its cluster of con-
tact-fingers 44L, as shown at 52, and begins to
raise these main contact-fingers 44L away from
the stationary contact-member (IS, leaving the
current to be carried momentarily by the moving
arcing-contact member {(M, which is still in
contact with the stationary contact-member 118S.
As the main contact-fingers 431 continue to move
upwardly, however, under the influence of the
air-pressure in the space A, they soon make 2
hook-connection, at 53, with the movable arcing-
contact member {IM, thus beginning to move
this movable arcing-contact member (IM up-
wardly away from contact with the tip of the
associated contact-member (1S.

This draws an are, which bridges the gap
separating the tip of the stationary contact-
member {iS and the upwardly moving lower
movable arcing-contact [IM. The air-blast im-
mediately rushes radially inwardly across this
arcing gap, under the influence of the air-pres-
sure in the space A, and this blast of air then
moves downwardly through the orifice 22 in the
lower stationary contact-member (1S, and
escapes longitudinally downwardly through the
hollow stationary contact-member (1S, to finally
exhaust itseif, first into the lower exhaust-cham-
ber 16, and thence, through the exhaust-open-
ings 24, into the surrounding atmosphere, as has
been explained in connection with Fig. 1.

In accordance with our invention, each of the
stationary contact-members (1S and 12S is pro-
vided with a concentrically disposed arc-terminal
54 which is centrally held, by a suitable spider-
construction 54’, inside of the hollow stationary
contact-member {18 or 12S, as the case may be,
so0 as to provide a suitable, fairly uniform, air-
blast space for the passage of the air-blast be-
tween the arcing tip of the arc-terminal 54 and
the orificed tip of the hollow stationary contact-
member, and alsc between the sides of the arc-
terminal B4 and the hollow inner sides of the
stationary contact-member. The blast of air,
rushing radially inwardly across the tip of the
lower stationary contact-member 118, and then
longitudinally downwardly through the orifice 22
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in this member, carries the arc downwardly and
causes it to become affixed to the top of the arc-
terminal 54, as shown in Fig. 3.

This arc-terminal 54 is provided with a central,
longitudinally extending hole 55, the top end of
which is preferably enlarged or rounded, so as to
cause the arc 56 to play for a short distance
within this hole 55, thus causing the end of the
arc to remain centrally fixed over the hole 55,
instead of playing over to one side of the arc-
terminal 54, and thus causing excessive burning
and asymmetrical air-flow, which would inter-
fere with the proper arc-extinguishing functions.
The longitudinal hole 55 through the arc-ter-
minal 54 permits a small amount of air to flow
longitudinally through this hole, enough to hold
the arc centered on the hole, thus permitting the
longitudinally flowing air-blast to flow equally
on all sides of the lower end of the arc 56, and
thus exercising a maximum amount of cooling,
and deionizing, and arc-extinguishing influence
on the are.

The design of the restricted annular space 51
which surrounds the upper contact-holder 43U
is such that the air which escapes upwardly
through this restricted space, from the space
B to the space C, requires about 0.8 cycle before
it builds up sufficient air-pressure, in the space
C, to overcome the combined upward thrusts of
the air-pressure in the space B and the spring
45U of the upper contact-holder 43U. Conse~
quently, this upper contact-holder begins to
move downwardly, in a contact-opening direc-
tion, approximately 0.8 cycle after the lower con-
tact-holder 43L began to move upwardly, in its
contact-opening movement, or say between %
cycle and 1 cycle thereafter. Thereafter the
order of movement of the parts, in the opening
of the upper movable arcing-contact {2M, is
essentially the same, in principle, as has been
described for the lower movable arcing-contact
{iM, and the description need not be repeated.
The upper stationary contact-member 128 is also
provided with an arc-terminal 54 which is essen-
tially similar to the arc-terminal 54 which has
already been described in connection with the
lower stationary contact-member 1S,

It should be noted that the throttling opening,
or restricted annular space 51, between the flange
50 of the upper contact-holder 43U, and the
mouth of the upper insulating tube 21, is en-
larged as soon as there is movement of the
upper contact-holder 43U, thus removing all re-
strictions to the free flow of air. This construc-

2 {ion has the important advantage that the open-

ing of the second set of contacts, that is, the
upper movable contacts, is definite, very fast,
and independent of the length of the time-delay.

The reason for the provision of a construction
which eauses a time-delay in the opening of one
of the two serially connected gaps of our breaker-
asserably, is because it was found impossible to
satisfaetorily interrupt an arcing-current of
more than 15,000 to 20,000 amperes at 44,000
volts, if both of the gaps were opened simultane-~
cusly. It is an important feature of our inven-
tion, that the two gaps are opened sequentially,
and that the first-opening gap shall be shunted
by a suitable shunting-impedance Z, which is
diagrammatically indicated in Fig. 3. This
shunting-impedance Z makes it possible for the
lower gap to interrupt arcing-currents as high
as 37,000 amperes at 44,600 volts, even when the
current is supplied by a line (not shown) having
considerable charging-current, or having con-




2,627,006

11

siderable transformer-magnetizing current there-
in. The effect of the shunting impedance is to
delay the rate of recovery-voltage across the im-
pedance-shunted, first-opening gap, after a cur-
rent-zero, so that, in general, the arc wiil not re-
strike, in this impedance~shunted gap, in the haif-
cycle following the first current-zero after full
gap-separation has been attained. As a resuilt
of this construction, the first-opening gap 11 wiil
have substantially interrupted its arc before the
second-opening gap {2 will be called upon to hegin
to extinguish its are.

Thus, when the arc is extinguished in the first-
opening gap [{, within from 6.5 to 0.8 cycle after
full contfact-separation has been attsined, the
fault-current is caused to flow through the shunt-
ing-impedance Z, thus reducing the value of the
fault-current to a relatively small value which
can easily be handled by the second-cpening gap
12, even without any shunting-impedance arcund
the second-opening gap. Because the current to
be interrupted in this second-opening gap 12 is
always of a low order, it is possible to increase
the length of the gap-opening of this second-
opening gap, without deleteriously affecting its
current-interrupting ability. This is of great im-
portance, when interrupting either line-charging
currents, or magnetizing currents, when the value
of the recovery-voltage may reach very high
peaks, so that the air-gap dielectric-strength
must be increased to a maximum, in order to
prevent restriking of the are in this second-cpen-
ing gap 12, after a current-zero.

In our preferred design, as shown, our lower
8aps
confacts {1M, separate approximately 5 inch,
while our upper gaps {2, or our upper movable
arcing contacts {2M, separate approximately 13
inch. The corresponding orifice-openings, for the
orifice 22 in the stationary contact-members {iS
and 128, are approximately 134 inch diameter
for the orifice 22 in the lower stationary contact-
member {1S, and approximately 1% inch diame-
ter for the orifice 22 in the upper stationary con-
tact-member {28,

Since the air-passage to the upper space C is
initially substantially shut off, by the restricted
annular space 51, the total initial air-flow is con-
centrated on the interruption of the high-currens
arc which plays on the bottom contacts. By the
time the top contacts open, the lower exhausi-
chamber {6 (Fig. 1) is partly filled, so that the
velocity of air-flow in the lower gap begins to
decrease, thus making available an increasingly
large amount of air-fiow which is directed toward
the upper contacts and the interruption of the
current which flows through the shunting im-
pedance Z. This has the combined effect of im-
proving the interrupting capacity of the breaker,
and conserving the compressed air.

In order to prevent the accumulation of inter-~
nal air-pressures, inside of the moving-contact
assembly, which might interfere with the uniform
operation of the device, the internal space within
the contact-carrying sleeve 38, may ke vented by
a radial vent 8¢ through the wall of this contact-
sleeve, as indicated; while the space 48 between
the contact-sleeve 3% and the cylindricsl part 28
may be vented to the outer atmosphere, through
a suitable vent 6§ in the removable contact-sup-
porting casting 87, as indicated in Fig. 3.

The removable moving-contact asserably can
be removed by unfastening the flange § of the
removable contact-supporting casting 37 from
the side of the box-like stationary contact-sup-
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port {1, aiter a suitable tong-shaped tool §2 has
been inserted in an opening which is provided in
the flange &6, and used to force the moving con-
tacts to their open-circuit positions. This tool
62 may fit in, on either side, or on both sides, of
the cylindrical part 38 of the removable casting
37, so as to engage hooks €3 which are provided
on the upper and lower contact-holders 43U and
43L. The necessary pressure for the compression
of the several springs within the moving contact-
assembly is provided by a screw 34, in the handle
of the tool 62, which makes it possible to con-
tract the movable paits into their full-open
position.

It will be noted that the tips of the two sta-
tionary contact-members (S and 12S are spaced
back, a slight distance, behind the ends of the
corresponding insulating tubes {8 and 2{, and
that the main and arcing moving-contacts nor-
mally project out beyond the respective ends of
their guiding-sleeves, so as to make contact with
these back-set tips of the respective stationary
contacts. Consquently, when the moving con-
tacts are compressed to their open positions, the
entire moving-contact assembly, which is earried
by the removable contact-supporting casting 27,
can be moved laterally out of the box-like hous-
ing {17.

As this movable contact-assembly is somewhat
heayy for one man to handle, the cover {7C has
been provided, for the other side of the box-like
housing {7, not only for inspection-purposes, but
also so that, when this cover 17C is removed, a rod
or handle 65 may be attached fo that side of the
removable casting 37, so that two men may easily
remove the removablé assembly. .

The destructive swaging of the abutment-parts,
which limit the movement of the fast-moving
parts of our breaker, has heretofore been quite a
problem, resulting in excessive deformation of
the parts, as well as undesirable noise. These
difficulties have been avoided by the use of suit-
able damping-means or shock-absorbers, inter-
posed between the abutments which limit the
opening-movements of the various parts, and the
most suitable damping-means, for this purpose,
has been found to be & large number of extreme-
ly thin metal damping-washers §7, a suitable
stack of which is interposed between each of the
abutment-surfaces which limit the opening-move-
ments of the contact-holders 43U and 43L, and
also the opening movements of the two movable
arcing-contacts 1{M and {2M.

The movable arcing-contacts #¢M and 12M
are provided with centrally disposed arcing-tips
63, made of a suitable arc-terminal metal, such
as a mechanical mixture of tungsten and silver or
8 mechanical mixture of tungsten and copper, as
is known in the art. These metal inserts carry
the arc-terminal during most of the arcing time,
that is, during most of the time before the cur-
rent-zero at which the arc is interrupted, as in-
dicated in the lower gap in Fig. 3.

The operation of the device has been indicated
as the description has proceeded. It will be ob-
served that the main contact-fingers 44T and 441
are disposed in shielding-relationship with re-
spect to the movable arcing-members (2M and
1iM, so as to shield the latter from receiving the
effects of the air-pressure until the main con-
tacts have separated. This prevents an arc from
being drawn on the tips of the main contacts,
which would roughen them and destroy their
ability to carry large currents without overhesat-
ing, in the closed position of the breaker. If,
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however, for any reason, an arc should form on
the main contacts, it will be noted that these con-
tacts are in the air-stream, which will immediate~
1y blow such an arc off of the main contacts, and
transfer it onfto the movable arcing-contacts,
where it belongs.

In the closing movement of the breaker, the
same construction which causes the main con~
tacts to open first, causes the arcing-contacts to
close first, so that the main contacts are pro-
tected against the arcs which might be formed as
the zero-gap point approaches, near the end of
the closing-movement, particularly when our in-
vention is applied to a quick-reclosing breaker.

It is believed that the other features of our in-
vention have been sufficiently well desecribed as
the description has procesded.

Various details of the breaker-assembly, which
is herein generically or broadly described and
claimed, are described and claimed in more de-
tail in other copending applications. Thus, the
general combination, including the blast-valve 5,
is claimed in the previously mentioned Baker-
Wilcox application. Certain improvements and
novel features of the pneumatic operating as-
sembly, including the operating mechanism 33,
insulating switch-operating rod 34, isolating-
switch 26, pneumatic controlling-means includ-
ing the tube 35, and an interlocking-means (not
here shown) for automatically reclosing the blast-
valve § when the isolating-switch 28 has com-
pleted enough of its opening-movement, are
shown and claimed in a copending application,
Serial No. 73,516, filed January 29, 1949, by Baker
and Wilcox. And finally, certain structural de-
tails of the interrupter-assembly (&, for mechan-
ically holding the parts of this assembiy together,
are shown in more detail, and specifically claimed,
in a copending application, Serial No. 74,407, filed
February 3, 1949, now U. S. Patent 2,602,868, is-
sued July 8, 1952, to Benjamin P. Baker, Erling
Frisch, and Howard M. Wilcox.

While we have described and illustrated our
invention in but a single illustrative form, which
is shown somewhat diagrammatically or ideally,
we wish it to be understood that we are not
limited to the precise form which is illustrated,
as those skilled in the art could readily make
various changes of substitution, omission or
addition, without departing from the essential
spirit of our invention. We desire, therefore,
that the appended claims shall be accorded the
broadest construction consistent with their lan-
guage.

We claim as our invention:

1. An interrupter-assembly for a compressed-
air circuit-breaker comprising: an enclosed in-
terrupting chamber, a hollow elongated sta-
tionary contact-member disposed within said
chamber having an orifice in its front end; a
substantially closed exhaust-chamber at the rear
end of said stationary contact-member in air-
communication with its hollow interior; a mov-
ing-contact assembly comprising a spring-closed,
longitudinally movable contact-member normal-
ly abutting against the front end of said ste-
tionary contact-member and in such position
substantially covering said orifice; and means
for, at times, supplying a blast of compressed
air to the enclosed interrupting chamber sur-
rounding the abutting ends of the two contact-
members; said exhaust-chamber having means
for permitting a slow air-exhaustion therefrom
and thereby preventing free venting of the en-
closed interrupting chamber to atmosphere
during the time of confact separation and hav-
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ing ‘a capacity such as to build up, in said
exhaust-chamber, a pressure equal to about 50
percent of the pressure in the enclosed inter-
rupting chamber surrounding the normally abut-
ting ends of the two contact-members in a time
not much longer than the time necessary for
the moving member to move back to full con-
tact-gap-separation under the influence of the
air-pressure of the applied air-blast and for the
longitudinally flowing air-blast in the orifice to
extinguish the resulting arc.

2. A multigap breaker comprising at least two
interrupter-assemblies, each interrupter-assem-
bly comprising: an enclosed interrupting cham-
ber, a hollow elongated stationary contact-
member disposed within said chamber having
an orifice in its front end; a substantially closed
exhaust-chamber at the rear end of said sta-
tionary contact-member in air-communication
with its hollow interior; a moving-contact as-
sembly comprising a spring-closed, longitudi-
nally movable contact-member normally abut-
ting against the front end of said stationary
contact-member and in such position substan-
tially covering said orifice; and means for, at
times, supplying a blast of compressed air to
the enclosed interrupting chamber surrounding
the abutting ends of the two contact-members;
said exhaust-chamber having means for permit-
ting a slow air-exhaustion therefrom and there-
by preventing free venting of the enclosed inter-
rupting chamber to atmosphere during the time
of contact separation and having a capacity
such as to build up, in said exhaust-chamber,
a pressure equal to about 50 percent of the
pressure in the enclosed interrupting chamber
surrounding the normally abutting ends of the
two contact-members in 2 time not much longer
than the time necessary for the moving member
to move back to full contact-gap-separation
under the influence of the air-pressure of the
applied air-blast and for the Ilongitudinally
flowing air-blast in the orifice to extinguish the
resulting arc, the blast-supplying means being
such as to apply an effective contact-separating
air-pressure to one of the interrupter assem-
blies early enough before the other interrupter-
assembly so that the first-opening gap will have
substantially interrupted its arc before the
second-opening gap will be called upon to begin
to extinguish its are, said two interrupter as-
semblies being electrically connected in series
circuit relation, in combination with a shunt-
ing-impedance electrically connected in shunt
around the first-opening gap.

3. A multigap breaker comprising an enclosed
interrupting chamber, at least two interrupter-
assemblies disposed within said chamber; each
comprising a hollow elongated stationary con-
tact-member having an orifice in its front end,
a moving-contact assembly comprising a con-
tact-carrying sleeve, a spring-closed, longitu-
dinally movable contact-member carried by said
sleeve, said stationary contact-member and said
sleeve being in substantial alignment, the mov-
able contact-member normally abutting against
the front end of said stationary contact-member
and in such position substantially covering said
orifice, said two interrupter assemblies being
electrically connected in series cireuit relation;
in combkination with means for, at times, supply-
ing a blast of compressed air to said enclosed
interrupting chamber, the blast-supplying means
being such as to apply an effective contact-
separating air-pressure to one of the interrupter
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assemblies early encugh before the other inter-
rupter-assembly so that the first-opening gap
will have substantially interrupted its arc before
the second-opening gap will be called upon to
begin to extinguish its are, a substantially en-
closed exhaust chamber in pneumatic communi~
cation with at least one of the hollow stationary
contact members and thereby preventing free
venting of the gas blast to atmosphere during
the time the contacts are separated, and a
shunting-impedance electrically connected in
shunt around the first-opening gap.

4. A multigap breaker comprising at least two
interrupter-assemblies, each interrupter-assem-
bly comprising: an enclosed interrupter cham-
ber, a hollow elongated stationary contact-mem-
ber disposed within said chamber having an
orifice in its front end; a substantially closed
exhaust-chamber at the rear end of said sta-
tionary contact-member in air-communication
with its hollow inferior; a moving-contact as-
sembly comprising a spring-closed, longitudi-
nally movable contact-member normally abut-
ting against the front end of said stationary

contact-member and in such position substan- ¢

tially covering said orifice; and means for, at
times, supplying a blast of compressed air to
the enclosed interrupting chamber surrounding
the abutting ends of the two contact-members;
said exhaust-chamber having means for per-
mitting a slow air-exhaustion therefrom and
thereby preventing free venting of the enclosed
interrupting chamber to atmosphere during the
time of confact separation and having a capa-
city such as to build up, in said exhaust-chamber,
a pressure equal to about 50 percent of the
pressure in the enclosed interrupting chamber
surrounding the normally abutting ends of the
two contact-members in a time not much longer
than the time necessary for the moving mem-
ber to move back to full contact-gap-separation
under the influence of the air-pressure of the
applied air-blast and for the longitudinally
flowing air-blast in the orifice to extinguish
the resuiting arc, the Dblast-supplying means
being such as to apply an effective contact-
separating air-pressure to one of the interrupter
assemblies early enough hefore the other inter-
rupter-assembly so that the first-opening gap
will have substantially interrupted its are before
the second-cpening gap will be called upon to
begin to extinguish its are, said two interrupter
assemblies being electrically connected in series
circuit relation, in combination with a shunting-
impedance electrically connected in shunt
around the first-opening gap, the second-open-
ing moving contact-member having a materially
longer gap-separation than the first.

5. A multigap breaker comprising an enclosed
interrupting chamber, at least two interrupter-
assemblies disposed within said chamber, each
comprising a nollow elongated stationary con-
tact-member having an orifice in its front end,
a moving-contact assembly comprising a contact-
carrying sleeve, a spring-closed, longitudinally
movable contact-member carried by said sleeve,
said stationary contact-member and said slesve
being in substantial alignment, the movable
contact-member normally abutting against the
front end of said stationary contact member
and in such position substantially covering said
orifice, said two interrupter assemblies being
electrically connected in series eircuit relation;
in combination with means for, at tires, supply-
ing a blast of compressed air to said enclosed
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interrupting chamber, the blast-supplying means
being such as to apply an effective contact-
separating air-pressure to one of the interrupter
assemblies early enough before the other inter-
rupter-assembly so that the first-opening gap
will have substantially interrupted its arc before
the second-opening gap will be called upon to
begin to extinguish its arc, a substantially en-
closed exhaust chamber in pneumatic communi~
cation with at least one of the hollow stationary
contact members and thereby preventing free
venting of the gas blast to atmosphere during
the time the contacts are separated, and a shunt-
ing-impedance electrically connected in shunt
around the first-opening gap, characterized by
the second-opening moving contact-member
having a materially longer gap-separation than
the first. .

6. A single-column, double-gap, interrupter-
assembly for a compressed-air circuit-breaker,
comprising, at each end of the assembly, an
inwardly extending hollow elongated stationary
contact-member having its arcing-end toward
the center of the assembly and having an orifice
in said arcing-end, an insulating tube surround-
ing each stationatry contact-member in spaced
relation thereto to provide an air-space there-
around, an open-sided open-ended moving-con-
tact housing disposed in abutting engagement
with the inner ends of the respective insulating
tubes, a removable contact-supporting member
having a flange which closes the open side of
said housing and having a contact-carrying
sleeve which is disposed substantially coaxially
with respect to saild insulating fubes, a longi-
tudinally movable contact-member carried by
each end of said contact-carrying sleeve, a
biasing-spring tending to press each movable
contact-member out of said sleeve and normally
holding each movable contact-member in con-
tact with the arcing-end of the associated sta-
tionary contact-member, and air-blast means
for, at times, supplying a contact-opening and
arc-extinguishing blast of compressed air to
the space between one of said insulating tubes
and its associated stationary contact-member.

7. An interrupter-assembly for a compressed-
air circuit-breaker, comprising a hollow elon-
gated stationary contact-member having an
orifice in its front end, a moving-contact as-
sembly comprising, in effect, two spaced con-
centric cylinders, a movable arcing-contact
member longitudinally slidable within the inner
cylinder and extending beyond the end thereof,
a biasing-spring tending to press said movable
arcing-contact member out of said inner cylinder
and normally holding said movable arcing-
contact member in crifice-closing contact with
the front end of said stationary contact-member,
a - cluster of main  contact-fingers surrounding
said movable arcing-contact member, each
contact-finger having lateral abutting-contact
against the outer surface of said inner cylinder,
a contact-holder surrounding said cluster of
meain contact-fingers, said contact-holder being
longitudinally slidable within the outer cylinder
and extending beyond the end of said outer
cylinder, spring-means for yieldably pressing
each contact-finger laterally inwardly, a biasing-
spring tending to press the contact-holder out
of said outer cylinder, enclosure-means for
providing a gap-sturrounding air-space surround-
ing the abutting ends of the contact-fingers
and the stationary contact-member, and means
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for, at times, supplying a blast of compressed
air to said gap-surrounding space.

8. An interrupter-assembly for a compressed-
air cireuit-breaker, comprising a hollow elon-
gated stationary contact-member having an
orifice in its front end, a moving-contact as-
sembly comprising, in effect, two spaced con-
centric cylinders, a movable arcing-contact
member longitudinally slidable within the inner
cylinder and extending beyond the end thereof,
a biasing-spring tending to press said movable
arcing-contact member out of said inner cylinder
and normally holding said movahle arcing-con-
tact member in orifice-closing contact with the
front end of said stationary contact-member, a
cluster of main contact-fingers surrounding said
movable arcing-contact member, each contact-
finger having lateral abutting-contact against
the outer surface of said inner cylinder, a con-
tact-holder surrounding said cluster of main
contact-fingers, said contact-holder being lon-
gitudinally slidable. within the outer cylinder
and extending beyond the end of said outer
cylinder, spring-means for yieldably wpressing
each contact-finger laterally inwardly, a biasing-
spring tending to press the contact-holder out
of said outer cylinder, enclosure-means for
providing a gap-surrounding air-space surround-
ing the abutiing ends of the contact-fingers and
the stationary contact-member, and means for,
at times, supplying 2 blast of compressed air
to - said gap-surrounding space, characterized
by said main contact-fingers, when they have
moved slightly away from the stationary con-

tact-member, under the influence of the air- :

blast pressure, having means for making a con-
tact for carrying along the movable arcing-
contact member.

9. An interrupter-assembly for a compressed-
air circuit-breaker, comprising a hollow elon-
gated stationary contact-member having an
orifice in its front end, a moving-contact as-
sembly comprising, in effect, two spaced con-
centric cylinders, a movable arcing-contact
member longitudinally slidable within the inner
cylinder and extending beyond the end thereof,
a biasing-spring tending to press said movable
arcing-contact member out of said inner cylinder
and normally holding said movable arcing-con-
tact member in orifice-closing contact with the
front end of said stationary contact-member,
a cluster of main contact-fingers, each having
lateral abutting-contact against the outer sur-
faee of said inner cylinder and another lateral
abutting-contact with an outer surface of the
projecting end of said movable arcing-contact
member, beyond the end of said inner cylinder,
a. contact-holder surrounding said cluster of
main contact-fingers, said contact-holder being
longitudinally slidable within the outer cylinder
and extending beyond the end of said outer
cylinder, spring-means for pressing laterally in-
wardly against the contact-fingers, a separate
longitudinally acting spring-means interposed
between the rear end of each contact-finger and
the contact-holder, another biasing-spring tend-
ing to press the contact-holder out of said
outer cylinder and normally holding the front
ends of said contact-fingers in contact with the
front end of said stationary contact-member,
enclosure-means for providing a gap-surround-
ing air-space surrounding the abutting ends of
the contact-fingers and the stationary contact-
member, and means for, at times, supplying a
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blast of compressed air to said gap-surrounding
space.

10. An interrupter-assembly for a compressed-
air circuit-breaker, comprising a hollow elon-
gated stationary contact-member having an
orifice in its front end, a moving-contact as-
sembly comprising, in effect, two spaced con-
centric cylinders, a movable arcing~-contact
member longitudinally slidable within the inner
cylinder and extending beyond the end thereof,
a biasing-spring tending to press said movable
arcing-contact member out of said inner cylinder
and normally holding said movable arcing-
contact member in orifice-closing contact with
the front end of said stationary contact-member,
a cluster of main contact-fingers, each having
lateral abutting-contact against the outer sur-
face of said inner cylinder and another lateral
abutting-contact with an outer surface of the
projecting end of said movable arcing-contact
member, beyond the end of said inner cylinder,
a contact-holder surrounding said cluster of
main contact-fingers, said contact-holder being
longitudinally slidable within the outer cylinder
and extending beyond the end of said outer
cylinder, spring-means for pressing laterally in-
wardly against the contact-fingers, a separate
longitudinally acting spring-means interposed
between the rear end of each contact-finger and
the contact-holder, another biasing-spring tend-
ing to press the contact-holder cut of said outer
cylinder and normally holding the front ends
of said contact-fingers in contact with the front
end of said stationary contact-member, en-
closure-means for providing a gap-surrounding
alr-space surrounding the abutting ends of the
contact-fingers and the stationary contact-
member, and means for, at times, supplying a
blast of compressed air to said gap-surrounding
space, characterized by said main contact-
fingers, when they have moved slightly away
from the stationary contact-member, under the
influence of the air-blast pressure, having means
for making a contact for carrying along the
movable arcing-contact member.

11. A single-column, double-gap, interrupter-
assembly for a compressed-air ecircuit-breaker,
comprising, at each end of the assembly, an
inwardly extending hollow elongated stationary
contact-member having its arcing-end toward
the center of the assembly and having an orifice
in said arcing-end, an insulating tube surround-~
ing each stationary contact-member in spaced
relation therefo to provide an air-space there-
around, an open-sided open-ended moving-con-
tact housing disposed in abutiing engagement
with the inner ends of the respective insulating
tubes, a removable contact-supporting member
having a flange which closes the open side of
said housing, said removable contact-supporting
member also having, in effect, two spaced con-
centric cylinders which are disposed substan-
tially coaxially with respect to said insulating
tubes, a longitudinally movable arcing-contact
member carried by each end of the inner cylinder
of said removable contact-supporting member,
each movable arcing-contact member being lon-
gitudinally slidable within the inner cylinder
and extending beyond the end thereof, a biasing-
spring tending to press each movable arcing-
contact member out of said inner cylinder and
normally holding said movable arcing-contact
member in orifice-closing contact with the front
end of the corresponding stationary contact-
member, a cluster of main contact-fingers as-
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sociated with each movable arcing-contact mem-
ber, each contact-finger having a lateral abut-
ting-contact against the outer surface of said
inner cylinder, a separate contact-holder sur-
rounding each of said clusters of main contact-
fingers, each contact-holder being longitudinally
slidable within the outer cylinder and extending
beyond the end of said outer cylinder, spring-
means for pressing each contact-finger laterally
inwardly, a biasing-spring tending
each contact-holder out of said outer cylinder,
air-blast means for, at times, supplying a con-
tact~-opening and arc-extinguishing blast of
compressed air to the space between one of said

insulating tubes and its associated stationary 3

contact-member, each of said contact-holders,
when it has moved slightly axially inwardly
against the pressure of its biasing-spring, hav-
ing means for making contact for carrying along

its cluster of contact-fingers, each cluster of 23

contact-fingers, when it has moved slightly away
from the associated stationary contact-finger,
having means for carrying along the associated
.movable arcing-contact member, and means

whereby the two contact-holders may, at times, o3

be squeezed together against the forces of the
several biasing-springs, whereby said removable
contact-supporting member, with its associated
moving contact-members, may be removed as
a self-contained unit from said moving-contact
housing.

12, A single-column, double-gap, interrupter-
assembly for a compressed-air circuit-breaker,
comprising, at each end of the assembly, an

inwardly extending hollow elongated stationary 3

contact-member having its arcing-end toward
the center of the assembly and having an orifice
in said arcing-end, an insulating tube surround-
ing each stationary contact-member in spaced
relation thereto to provide an air-space there-
around, a moving-contact assembly disposed in
abutting engagement with the inner ends of the
respective insulating tubes, said moving-contact
assembly including a contact-carrying sleeve
which is disposed substantially coaxially with
respect to said insulating tubes, a longitudinally
movable contact-member carried by each end
of said contact-carrying sleeve, a biasing-spring
tending to press each movable contact-member
out of said sleeve and normally holding each
movable contact-member in contact with the
arcing-end of the associated stationary contact-
member, and air-blast means for, at times, sup-
plying a contact-opening and arc-extinguishing
blast of compressed air to the space between one
of said insulating tubes and ifs associated sta-
tionary contact-member, the entrance to the
inner end of the insulating tube opposite to the
tube through which the air-blast is supplied being
normally, in the closed-contact position, closed
to a restricted space by a portion of the movable
contact-member at that end of the assembly,
whereby said restricted space causes that mov-
able contact-member to receive an adequate
contact-separating air-pressure only after the
other contact-member has been opened, s=aid
second-opening contact-member, when it first
begins to open, moving out of said entrance to
its associated insulating tube, so that said sec-
ond-opening movable contact-member there-
after receives g substantially unrestricted air-
blast to cause a rapid and positive contact-
opening movement and an adequate arc-ex-
tinguishing blast.

13. A single-column, dotible-gap, interrupter-
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assembly for a compressed-air circuit-breaker,
comprising, at each end of the assembly, an
inwardly extending hollow elongated stationary
contact-member having its arcing-end toward
the center of the assembly and having an orifice
in said arcing-end, an insulating tube surround-
ing each wstationary contact-member in spaced
relation thereto to provide an air-space there-
around, an open-sided open-ended moving-con-
tact housing disposed in abutting engagement
with the inner ends of the respective insulating
tubes, a removable contact-supporting member
having a flange which closes the open side of
said housing and having g contact-carrying
sleeve which is disposed substantially coaxially
with respect to said insulating tubes, a longi-
tudinally movable contact-member carried by
each end of said contact-carrying sleeve, a
biasing-spring tending to press each movable
contact-member out of said sleeve and normaily
holding each movable contact-member in con-
tact with the arcing-end of the associated sta-
tionary contact-member, and air-blast means
for, at times, supplying a contact-opening and
arc-extinguishing blast of compressed air to the
space between one of said insulating tubes and
its associated stationary contact-member, char-
acterized by the entrance to the inner end of
the insulating tube opposite to the tube through
which the air-blast is supplied being normally,
in the closed-contact position, closed to a re-
stricted space by a portion of the movable
contact-member at that end of the assembly,
whereby said restricted space causes that mov-
able contact-member. to receive an adequate
contact-separating air-pressure only after the
other contact-member has been opened, said
second-opening contact-member, when it first
begins to open, moving out of said entrance to
its associated insulating tube, so that said sec-
ond-opening movable contact-member thereafter
receives a substantially unrestricted air-blast
to cause a rapid and positive contact-opening
movement and an adequate arc-extinguishing
blast.

14, A single-column, double-gap interrupter-
assembly for a compressed-air circuit-breaker,
comprising, at each end of the assembly, an
inwardly extending hollow elongated stationary
contact-member having its arcing-end toward
the center of the assembly and having an orifice
in said arcing-end, an insulating tube surround-
ing each stationary contact-member in spaced
relation thereto to provide an air-space there-
around, an open-sided open-ended moving-con-
tact housing disposed in abutting engagement
with the inner ends of the respective insulating
tubes, a removable contact-supporting member
having a flange which closes the open side of
said housing, said removable contact-support-
ing member also having a eylindrical part which

is fixedly united with said flange, said remov-

able contact-supporting member being further
provided with a separable contact-carrying
sleeve having a sort of removably locked bayo-
net-joint connection for holding it in spaced
coaxial relation within said eylindrical part,
said cylindrical part and said contact-carrying
sleeve being disposed substantialiy coaxially with
respect to said insulating tubes, a longitudinally
movable contact-member carried by each end
of said contact-carrying sléeve, spring-means
for yieldably pressing each movable contact-

member into its normal contact-making position,

and air-blast means for, at times, supplying a
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contact-opening and arc-extinguishing blast of
compressed air to the space between one of said
insulating tubes and its associated stationary
contact-member.

15. A self-opening, orifice-type, air-blast cir-
cuit-interrupter assembly, comprising spring-
closed, longitudinally separable arcing-contacts,
at least one of which is provided with an orifice
which is closed by the other contact in the nor-
mal closed position of the assembly, said orificed
contact also having a longitudinal passage for
the flow of an arc-extinguishing air-blast there-
in, and means for, at times, supplying a blast
of compressed air to the space surrounding said
contacts, whereby the air-pressure of said blast
causes a contact-separation and then extin-
guishes the resulting arc, in combination with
a cluster of main contact-fingers normally sur-
rounding the space around the separable arcing-
contacts so as to partially shield the arcing-
contacts from the initial effects of the blast,
means for biasing each contact-finger laterally
toward a surface of one contact-member of the
circuit-interrupter and longitudinally toward a
surface of the other contact-member of the cir-
cuit-interrupter, the relations between the pneu-
matic pressure-surfaces and the longitudinally
acting closure-springs being such that the main
contact-fingers open first, in response to the
air-blast, and then the arcing-contacts separate
and the blast flows into said orifice and said
longitudinal passage after first passing the
opened contact-fingers.

16. A self-opening, orifice-type, air-blast cir-
cuit-interrupter assembly, comprising spring-
closed, longitudinally separable arcing-contacts,
at least one of which is provided with an orifice
which is closed by the other contact in the nor-
mal closed position of the assembly, said orificed
contact also having a longitudinal passage for
the flow of an arc-extinguishing air-blast therein,
and means for, at times, supplying a blast of
compressed air to the space surrounding said
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contacts, whereby the air-pressure of said blast
causes a contact-separation and then extin-
guishes the resulting are, in combination with
g cluster of main contact-fingers normally sur-
rounding the space around the separable arcing-
contact so as to partially shield the arcing-
contacts from the initial effects of the Dblast,
means for biasing each contact-finger laterally
toward a surface of one contact~-member of the
circuit-interrupter and longitudinally toward a
surface of the other contact-member of the cir-
cuit-interrupter, the relations between the pneu-
matic pressure-surfaces and the longitudinally
acting closure-springs being such that the main
contact-fingers open first, in response to the
air-blast, and then the arcing-contacts separate
and the blast flows into said orifice and said
longitudinal passage after first passing the
opened contact-fingers, in combination with a
contact-holder surrounding said cluster of main
contact-fingers and having a biasing-spring for
normally biasing said holder longitudinally to-
ward the closed position of said contact-fingers.
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