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11 Claims.

The invention relates to circuit interrupters,
and more particularly to operating mechanisms
of the hydraulic type for high voltage circuit
breakers capable of interrupting a high power
electrical circuit.

In the copending applicaticn of Fritz Kessel-
ring et al., Serial No. 254,614, filed February 4,
1939, and assigned to the assignee of the pres-
ent invention, there is shown and described a
hydraulic operating mechanism for high voltage
multi-phase circuit breakers, in which the con-
tact structure of each phase has a separate hy-
draulically actuated operating device connected
mechanically thereto. The opening and closing
movement of the operating devices is carried out
by means of insulating liquid -columns serving
as power transfer means, which act on the in~-
dividual operating pistons connected with the
moving contacts of the breaker phases.

For the satisfactory operation .of such hy-
draulic drives, it is particularly important that
the driving liquid shall contain no air. - The pro-
posal has already been made in the aforemen-
tioned copending application to carry out the
packing between the liquid conducting and the
air containing parts of the driving system by
means of flexible metallic bellows. Such pack-
ings are designed for the purpose of preventing
the atmospheric air and the air contained in the
compressed air drive for the control piston from
entering the hydraulic system.

It has been found, however, that the liquid it-
self of the hydraulic system may have air par-
ticles dissolved therein which have a tendency of
separating out -of the liquid. Such conditions
arize for one reason because of the fact that
comparatively large moving liquid quantities are
involved in the hydraulic system, which are dis-
placed rapidly over a comparatively large path,
thereby producing a foam in the liquid of the
system. The air coming out of the liquid ren-
ders the power transfer medium, i. e., the liquid,
compressible to a certain extent, or on the low
pressure side produces a suction effect, thus pre-~
venting the simultaneous operation of all of the
poles or phases of the high voltage breaker.

One apparent solution of the problem of pre-
venting air emission from the liquid of the sytem
appears to be the use of specially treated liquids.
The use of such appropriately pretreated liquids,
however, is not practical for a number of rea-
sons arising from the techrnique of the opera-
tion.

An object of the invention is the provision of.

an improved hydraulic operating mechanism for

(CI. 200—82)

multi-pole circuit breakers which insures that
all of the breaker poles will be operated simul-
taneously even though air is present in the liquid
of the system.

Another object of the invention is the pro-
vision of an improved hydraulic operating mech-
anism for multi-pole circuit breakers in which
means is provided for preventing the air dissolved
in the liquid of the system from separating out
of the liquid; thus insuring that all of the pcles
will be operated simultaneously.

In carrying out the invention, back pressure
valves or check valves are provided in one or
mere portions of liquid conductors of the hy-
draulic system. The valves connect the portion
or liquid conductor to a source of liquid pressure
greater than atmospheric pressure, thus main-
taining the lquid of the portion or portions of
the system at a pressure greater than atmos-
pheric pressure and preventing the air dissolved
in the Lquid from separating out of the liquid.

The novel features that are considered charac-
teristic of the invention are set forth in par-
ticular in the appended claims. The invention
itself, however, both as to structure and oper-
ation, together with additional objects and ad-
vantages thereof, will best be understood from
the following detailed description of several em-
bodiments thereof when read in conjunction with
the accompanying drawing, in which:

Figure 1 is a sectional view, partly diagram-
matic, of the circuit breaker operating mecha-
nism of the present invention; and

Fig. 2 is a sectional view, partly diagrammatic,
of a modified form of the circuit breaker oper-
ating mechanism.

Referring to Figure 1 of the drawing, the mul-
ti-pole circuit breaker which is shown diagram-
matically as a two-pole breaker, comprises a pair
of movable contact members 5 and 71, one for
each pole unit of the breaker. The contact mem-
bers 5 and 1 are movable into and out of en-
gagement with cooperating stationary contacts
8 and {1, which are electrically connected in the
separate lines (3 and {5.

Although the invention is disclosed as a two-
pole circuit breaker mechanism, it is to be un-
derstood that the invention is applicable to a
bresker having any number of poles, and may he
used to control & number of separate circuits, or
the lines of a multi-phase circuit.

The multi-pele circuit breaker may be of any
conventional construction, as for example, of the
construction disclosed in the copending appli-
cation of Fritz Kesselring et al,, Serial No, 254,614,
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filed February 4, 1939, and assigned to the as-
signee of the present invention.

The circuit breaker is operated by a hydraulic
operating mechanism which is operable to ef-
fect simultaneous actuation of the two movable
contact members § and T to open or to closed
circuit position. The hydraulic operating mech-
anism comprises, in general, a pair of individual
liquid actuated operating means indicated gen-
erally at 17 and 19, one for each of the movable
contact members, for moving the contact mem-
bers 5 and T to open and to closed circuit posi-
tions, and a liquid moving means or controlled
pump means indicated generally at 21 for con-
trolling the simultaneous operation of the two
individual operating means 17 and 9.

Each of the individual liquid actuated operat-
ing means comprises an operating cylinder 23
preferably of metal, and an operating piston 25
which is reciprocably movable in the cylinder 23.
The operating pistons 25 are mechanically con-
nected directly to the movable contact members
5 and T respectively, by means of operating rods
27 and 29 which extend through packed openings
provided therefor in the heads of the operating
cylinders 23.

The liquid moving means or control pump
means 2/ comprises a metal pump cylinder 31
and a pump piston 33 which is reciprocably mov-
able in the cylinder 31.

The opposite ends of the pump cylinder 31
communicate with the opposite ends of the
operating cylinders 23 through the agency of a
pair of liquid carrying conductors 35 and 37,
which comprise tubes of strong insulating mate-
rial.

The hydraulic system is completely filled with
an insulating liquid, for example, oil, chlorinized
or fluorinized hydro-carbons or the like, which
serves to transmit the force from the control
pump means 21 to the operating pistons 25. The
entire hydraulic system is made liquid-tight in
a well known manner by providing suitable
liquid-tight packings at the connections of vari-
ous elements and for the openings in the cyl-
inders.

The control pump piston 33 is adapted to be
moved downwardly to effect a circuit closing
operation of the circuit breaker by means of
an air pressure actuating device 39 which com-
prises a metal cylinder 41, and an air pressure
operated piston 43 movable in the cylinder 41.
The air pressure operated piston 43 is mechani-
cally connected directly to the control pump
piston 33 through the agency of a connecting
rod 45 which extends through suitable packed
openings provided therefor in the ends of the
cylinders 3! and 41. The upper end of the air
pressure cylinder 41 communicates with a suit-
able scurce of compressed air (not shown)
through the agency of an air pressure conduct-
ing tube 47, and through a suitable air pressure
control valve (not shown). The control pump
piston 33 is adapted to be moved upwardly to
effect simultaneous circuit opening operation of
the several pole units of the circuit breaker by
means of an accelerating spring 49 which is dis-
posed in the lower portion of the air pressure
cylinder 4{, and interposed between the lower
end of the air pressure eylinder 4! and the air
pressure operated pistcn 43.

A latching means is provided for releasably
holding the circuit breaker in closed position.
This latching means comprises a latch element
5! carried by the connecting rod 45 which is
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adapted to be engaged by a pivoted latch 53
pivotally mounted on the upper end of the pump
cylinder 381. The pivoted latch 53 is biased to
latching position by means of a light spring 55,

and is adapted to be moved to released position 5

to effect opening of the circuit breaker by means
of an electromagnetic trip unit 571. The movable
core or trip plunger of the trip unit 57 is pivot-
ally connected to an extending arm 59 of the
pivoted latch 53. The energizing winding 6!
of the electromagnetic trip unit may be ener-
gized under the control of a conventional over-
load protfective relay, or manually from a remote
point by a manual control switch.

The operation of the breaker operating mech-
anism is briefly as follows. The circuit breaker
is releasably held in closed circuit position as
shown in Fig. 1 by the engagement of the pivoted
latch 83 with the latch element 51, which acts
to hold the pump piston 33 in the down or cir- o
cuit~-closed position, as shown in Fig. 1, against
the biasing force of the circuit opening spring
49. The liquid in the lower end of the pump
cylinder 31, and in the liquid carrying conductor
37, and in the lower portions of the operating ¢
cylinders 23 acts to hold the operating pistons
25 in their uppermost or closed circuit position.

When the electromagnetic trip unit 57 is ener-
gized either in response to a predetermined over-
load condition, or by the closing of the manual
control switch, the trip plunger is moved down-
wardly, causing the pivoted latch 53 to disengage
the latch element 51, thus releasing the con-
necting rod 45. The circuit opening spring 49
moves the connected pistons 43 and 33 upwardly 3
to their open circuit positions. The upward
movement of the pump piston 33 causes move-
ment of the liquid in the upper portion of the
pump cylinder 3{ into the liquid carrying con-
ductor 385, forcing liquid into the upper ends
of the operating cylinders 23 to cause simultane-
ous downward movement of the operating pis-
tons 25 to their open circuit. position. During
this movement, the liquid in the lower portions
of the operating cylinders 23 is moved through
the liquid carrying conductor 37 into the lower
portion of the pump cylinder 2i by the down-
ward movement of the operating pistons 25.

To close the circuit breaker, air under pressure
is admitted through the air pressure conductor
47 into the upper end of the air pressure cyl-
inder 41. The air pressure moves the piston 43
and the connected pump piston 33 downwardly
to closed circuit position, as shown in Fig. 1.
The downward movement of the pump piston 5
33 moves the liquid in the lower portion of the
pump cylinder 3i into the liquid carrying con-
ductor 31, forcing liquid into the lower portions
of the two operating cylinders 23. The operat-
ing pistons 25 are simultaneously moved upward-
ly to closed circuit position by the liquid, effect-
ing closing of the breaker.

As has previously been pointed out, it has been
found that a certain amount of air may be dis-
solved in the liquid of the hydraulic operating
mechanism. Any air dissolved in the liquid has
a tendency to separate out of the liguid when-
ever the liquid is subjected to a pressure less
than atmospheric pressure. A pressure less than
atmospheric pressure usually exists on the low
pressure side of the hydraulic system during
operation of the mechanism. When the air dis-
solved in the liquid separates out of the liquid,
it renders the force transmitting medium in this
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a certain extent, which results in the non-simul-
taneous operation of the individual pole units of
the circuit breaker.

In accordance with the present invention, a
means is provided for insuring simultaneous op-
eration of the several poles of the breaker by
maintaining the liquid in portions of the hy-
draulic system under a pressure at least greater
than atmospheric pressure, thus preventing any
air dissolved in the liquid from separating out
of the liquid. This means comprises a container
63 which is disposed at a higher level than the
hydraulic system, and which is filled with a lig-
uid of the same composition as is used in the
hydraulic system. The container 63 communi-
cates with the liquid carrying conductors 3% and
31, which carry the circuit-opening and circuit-
closing liquid, through the agency of liquid con-
ductors 65 and 67, which are of insulating mate-
rial. A pair of back pressure valves or non-return
valves 69 are disposed at the points of communi-
cation of the liquid ccnductors 65 and 6T with the
liguid carrying conductors 35 and 37. The non-
return valves §9 are biased to closed position by
means of light springs Tl. The pressure of the
liquid in the container €3 and in the liquid con-
ductors 65 and 67 is supplied through the non-
return valves 69 to the liquid in the two portions
of the hydraulic system, and this liquid pressure
acts to maintain the portions of the liquid of the
hydraulic system at a pressure greater than at-
mospheric pressure, thus preventing any air dis-
solved in the liquid of the hydraulic system from
separating out of the liguid. The non-return
valves 69 prevent the return flow of liguid into
the liquid conductors 85 and 67 and the con-
tainer 63 during operation of the mechanism.
When the control pump piston 33 is moved down-
wardly to effect closing of the breaker, the non-
return valve 69 in the liquid carrying conductor
37 immediately closes and prevents the flow of the
liquid under pressure in the lower portion of the
hydraulic system: from entering the liquid con-
ductor €5. At the same time, the non-return

5 valve 69 in the liquid carrying conductor 35 is

maintained open by the pressure of the liquid in
the container 63 and in the liquid conductor 617,
thus maintaining the liquid in the upper portion
of the hydraulic system, that is, the portion of
the liquid in the upper ends of the operating
cylinders 23, in the upper portion of the pump
cylinder 31 and in the liquid carrying conductor
35, under a pressure greater than atmospheric
pressure, thus preventing any air dissolved in the
liquid of this porticn of the system from separat-
ing out of the liquid. Conversely, when the con-
trol pump piston 23 is moved upwardly, the non-
return valve 39 in the upper liquid carrying con-
ductors 35 immediately closes and prevents the
flow cf liquid under pressure into the liquid con-
ductor 81. At the same time, the non-return
valve 69 in the lower liquid carrying conductor
37 is maintained open, causing the liquid in the
lower portion of the hydraulic system, that is,
in the lower portion of the pump cylinder 31, the
lower portions of the operating cylinders 23 and
in the liquid carrying conductor 37, to be main-
tained under a pressure greater than atmospheric
pressure, thus preventing the air dissolved in the
liqguid of this portion of the hydraulic system
from separating out of the liquid. A conventicn-
al expansion vessel for supplying the liquid pres-
sure may be substituted for the separate liquid
container 63, if desired.

A modification of the invention is illustrated

3

in Fig. 2 of the drawing. In this modification,
the hydraulic operating mechanism is identical
to the hydraulic operating mechanism shown in
Fig. 1, and hence, the same reference characters
have been used to designate the corresponding
identical parts. In the embodiment of the inven-
tion illustrated in Fig. 2, the means for prevent-
ing the air dissolved in liquid of portions of the
hydraulic system from separating out of the lig-
uid comprises a liquid conductor 13, containing
the same liquid as is present in the hydraulic sys-
tem, which communicates at its lower end with
the liquid carrying conductor 31 through the
agency of a non-return valve 69. The opposite
end of the insulating liquid conductor 73 com-
municates with the liguid carrying conductor 35,
which carries the liquid for opening the circuit
breaker. In this embodiment of the invention the
liquid pressure in the conductor 13 is obtained
from the high pressure portion of the hydraulic
system during an opening operation of the cir-
cuit breaker. The diameter of the liguid conduc-
tor 73 is considerably smaller than the diameter
of the liquid carrying conductor 35 which carries
the liquid for opening the circuit breaker so that
the presence of the liquid conductor 13 will not
affect the circuit opening operation of the two
operating pistons 23.

During opening operation of the circuit break-

er, the liquid in the conductor 13 is maintained s

under pressure, causing the non-return valve 69
to remain open and subjecting the liquid in the
lower portion of the hydraulic system, that is, the
circuit closing liquid, under a pressure greater

than atmospheric pressure, thus preventing any :

air dissolved in this portion of the liquid from
separating out of the liquid. During closing of
the circuit breaker, the pressure in the lower por-
tion of the hydraulic system maintaing the non-
return valve 69 closed, preventing any return flow
of liquid into the liquid conductor 13.

If desired, a second liquid conductor similar to
the conductor 73 may be provided between the
liquid earrying conductors 3% and 27, and a non-
return valve disposed at the point of communica-
tion of this second liquid conducthor, to the liguid
carrying conductor 35. This second liguid con-
ductor and non-return valve will operate during
closing operations of the breaker to maintain
the liquid in the upper portion of the system,
that is the circuit-opening liquid, under a pres-
sure greater than atmospheric pressure, thus pre-
venting any air dissolved in the liquid of the up-
per portion of the hydraulic system from separat-
ing out of the liguid.

The present invention constitutes a continua-
tion-in-part and an improvement of the inven-
tion disclosed and claimed in the copending ap-
plication of Fritz Kesselring et al., Serial No.
254,614, referred to above.

Although the invention has been disclosed as
embodied in a hydraulic operating mechanism of
a particular construction, it is to be understood
that it is equally applicable to any other type of
hydraulic operating mechanism for a multi-pole
circuit breaker where separate operating devices
are provided for each pole of the breaker.

While the invention has been disclosed in ac-
cordance with the provisions of the patent stat-
utes, it is to be understood that various changes
in the structural details therecf may be made
without departing from the spirit of the inven-
tion. It is desired, therefore, that the language
of the appended claims be given the broadest
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reascnable construction permissible in the light
of the prior art.

I claim as my invention:

1. In combination, a multipole circuit inter-
rupter having a pluraiilty of movable contact
members, an individual hydraulically actuated
operating means for moving each contact mem-
ber, hydraulic actuating means for controlling
movement of said individual operating means,
liquid carrying conductor means connecting said
hydraulic actuating means and said operating
means, and means effective in all positions of
said hydraulic actuating means for preventing
portions of the liquid in said system from being
subjected to a pressure less than atmospheric
pressure, thus preventing air dissolved in the
liguid from leaving the liquid.

2. In combination, a multipole high voltage cir-
cuit interrupter having a plurality of movable
contact members, an individual liquid actuated
operating means for moving each contact mem-
ber, liquid moving means for controlling the op-
eration of said operating means, liquid carrying
conductor means connecting said liquid moving
megns to said individual operating means, and
means effective in all positions of said liquid mov-
ing means for preventing portions of the liquid in
said system from being subjected to a pressure less
than atmospheric pressure.

3. A multipcle high voltage circuit interrupter
having a plurality of movable contact members,
an individual liquid actuated operating means for
moving each contact member, liguid moving
means for controlling the operation of said oper-
ating means, liguid carrying conductor means
connecting said liquid moving means to said in-
dividual operating means, and means for pre-
venting poriions of the liquid of said system from
being subjected to a pressure less than atmos-
pheric pressure, thus preventing air dissolved in
the liquid from coming out of the liquid.

4. A multipole high voltage circuit interrupter
having a plurality of movable contact members,
an individual lquid actuated operating means for
moving each contact member, lijuid moving
means for controlling the operation of said oper-
ating means, liquid carrying conductor means
connecting said liquid moving means to said in-
dividual cperating means, and means connected
to said liquid carrying conductor means effective
in all positions of said liquid moving means for
preventing portions of the liquid from being sub-
jected to a pressure less than atmospheric pres-
sure.

5. A multipole circuit breaker having a plu-
rality of moving contact members, an individual
liguid actuated operating means for moving each
contact member, liquid moving means for con-
trolling the operation of said operating means,
liquid carrying conductor means connecting said
liquid moving means to said operating means, and
means comprising a source of liquid pressure con-
nected to said liquid carrying conductor means
for preventing portions of the liquid of the hy-
drauiic system from being subjscted to a pressure
less than atmospheric pressure, thus preventing
air dissolved in the liguid from coming out of the
liquid.

6. A raultipole circuit interrupter having a plu-
rality of movable contact members, an individual
liquid actuated operating means for moving each
confact member, said individual operating means
each including an operating cylinder containing
liquid, and a liquid operated piston in said cylin-
der connected to its movable contact member, a
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liquid moving means for controlling the operation
of said liguid actuated operating means, liquid
carrying conductors connecting said liquid mov-
ing means to the opposite ends of said individual
operating cylinders, and means comprising a
liquid container communicating through a liquid
conductor and a non-return valve with at least
one of said liquid carrying conductors for pre-
venting portions of the liguid in the hydraulic
system from being subjected to a pressure less
than atmospheric pressure.

7. A multipole circuit interrupter having a
plurality of movable contact members, an indi-
vidual liquid actuated operating means for mov-
ing each contact member, said individual op-
erating means each comprising an operating cyl-
inder containing liquid and a liquid operated
piston in sald cylinder connected to its movable
contact member, a liquid moving means for con-
trolling the operation of said liquid actuated
operating means, liquid carrying conductors con-
necting said liquid moving means to the oppo-
site ends of said individual operating cylinders,
and means comprising a liquid container com-
municating through liquid conductors and non-
return valves to said liquid carrying conductors
for preventing the liguid in the hydraulic sys-
tem from being subjected to a pressure less than
atmospheric pressure.

8. A multipole circuit interrupter having a
plurality of movable contact members, an indi-
vidual liquid actuated operating means for mov-
ing each contact member, said individual op-
erating means each comprising an operating
cylinder containing liquid and a liquid operated
piston in said cylinder connected to its mov-
able contact member, a liquid moving means for
controlling the operation of said liquid actuated
operating means, liquid carrying conductors con-
necting said liquid moving means to the oppo-
site ends of said individual operating cylinders,
and means comprising a conductor containing
ligmd vommunicating at cne end thrcugh a non-
return valve to at least one of said liquid carry-
ing conductors and communicating at its other
end with an expansion vessel, said last-men-
tioned means preventing portions of the liquid
in the hydraulic system from being subjected to
a pressure less than atmospheric pressure,

9. A multipole circuit breaker having a plu-
rality of moving contact members, an individual
liquid actuated operating means for moving each
contact member, liquid moving means for con-
trolling the operation of said operating means,
liquid carrying conductor means connecting said
liquid moving means to said operating means,
and means comprising a liquid container com-
municating through a liquid conductor and
through ncn-return vaives with said liquid car-
rying conductor means for maintaining at least
portions of the liquid in the hydraulic system
under a Dpressure greater than atmospheric
pressure.

10. A multipole circuit interrupter having a
plurality of movable contact members, an indi-
vidual liquid actuated operating means for mov-
ing each contact member, said individual operat-
ing means each comprising an operating cylin-
der containing liquid and a liquid operated pis-
ton in said cylinder connected to its movable
contact member, liquid moving means for con-
trolling the operation of said liquid actuated op-
erating means, liquid carrying conductors con-
necting said liquid moving means to the oppo-
site ends of said individual operating cylinders,
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and means comprising at least one liquid con-
ductor connecting said liquid carrying conduc-
tors and communicating with one of said liquid
carrying conductors through a non-return valve,
said last-mentioned means maintaining portions
of the liquid of the hydraulic system under a
pressure greater than atmospheric pressure, thus
preventing air dissolved in the liquid from sepa-
rating out of the liquid.

11. A multipole circuit breaker having a plu-
rality of moving contact members, an individual
liquid actuated operating means for moving each
contact member, liquid moving means for cor-

5

trolling the operation of said operating means,
liquid carrying conductor means connecting said
liquid moving means to said operating means,
and means comprising a source of liquid pres-
sure connected to said liquid carrying conductor
means for preventing porticns of the liquid in
the hydraulic system from being subjected to a
pressure less than atmospheric pressure, thus
preventing air dissolved in the liguid from com-
ing out of the liquid, and a non-return valve
in the connection of said source of liquid pres-
sure to said liquid carrying conductor.
PAUL DUFFING.
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